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Abstract Inflammation is a critical contributor to the

pathogenesis of metabolic disorders with adipose tissue

being crucial in the inflammatory response by releasing

multiple adipokines with either pro- or anti-inflammatory

activities with potential functions as metabolic regulators.

Peripheral blood mononuclear cells (PBMC) have been

proposed as representative of the inflammatory status in

obesity. The aim of the present study was to evaluate the

contribution of PBMC to the obesity-associated chronic

inflammation analyzing the expression of novel adipokines.

Samples obtained from 69 subjects were used in the study.

Real-time PCR determinations were performed to quantify

gene expression levels in PBMC of novel adipokines

including chemerin, chitinase-3-like protein 1 (YKL-40),

lipocalin-2 (LCN-2) and osteopontin (OPN), and their

circulating concentrations were also determined by ELISA.

We show, for the first time, that PBMC gene expression

levels of chemerin (P\ 0.0001), chitinase-3-like protein 1

(P = 0.010), lipocalin-2 (P\ 0.0001) and osteopontin

(P\ 0.0001) were strongly upregulated in obesity inde-

pendently of the glycemic state. Circulating concentrations

of these adipokines followed the same trend being sig-

nificantly higher (P\ 0.05) in obese normoglycemic and

type 2 diabetic patients compared to lean volunteers and

also associated (P\ 0.05) with their corresponding mRNA

levels in PBMC. These results provide evidence that al-

terations in inflammation-related adipokines are manifest

in PBMC, which might contribute to the low-grade chronic

inflammation that characterizes obesity.

Keywords Inflammation � Obesity � Peripheral blood
cells � Adipokines

Introduction

Obesity is a worldwide health problem associated with

several comorbidities including hypertension, dyslipi-

demia, type 2 diabetes mellitus (T2D), coronary heart

disease, stroke, osteoarthritis, sleep apnea and respiratory

problems, as well as some types of cancers (Campo et al.

2007; Frühbeck 2012; Frühbeck et al. 2013; Ng et al.

2014). Obesity has profound effects on immunity and in-

flammation being critical contributors to the pathogenesis

of these metabolic disorders (Esser et al. 2014; Klöting and

Blüher 2014; Lumeng and Saltiel 2011). In this sense,

white blood cell counts (Dixon and O’Brien 2006;

Vozarova et al. 2002) as well as plasma levels of acute-
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phase proteins (Gómez-Ambrosi et al. 2006; Yudkin et al.

1999) and pro-inflammatory cytokines (Catalán et al.

2007a; Lasselin et al. 2014) are elevated in obese and T2D

patients experimenting a reduction after weight loss (Bas-

tard et al. 2000; Catalán et al. 2011). The obesity-associ-

ated low-grade inflammation results in the persistent

stimulation of the immune system mainly characterized by

the infiltration of adipose tissue with macrophages (Pou-

lain-Godefroy et al. 2008; Weisberg et al. 2003) and the

activation of circulating immune cells shifting toward a

pro-inflammatory profile (Ghanim et al. 2004; Lumeng

et al. 2007).

Different studies have suggested that the gene expres-

sion profile of peripheral blood mononuclear cells (PBMC)

reflects the visceral fat amount and may be representative

of the inflammatory status in obesity (Ghanim et al. 2004;

Yamaoka et al. 2012, 2013) although they are not neces-

sarily the primary source for elevated circulating inflam-

matory cytokines in obesity (O’Rourke et al. 2006). PBMC

from obese individuals showed an increased secretion of

the pro-inflammatory cytokines tumor necrosis factor

(TNF)-a, interferon (IFN)-c and interleukin (IL)-2 as well

as a lower production of the anti-inflammatory cytokine IL-

10 (Dicker et al. 2013). Reportedly, T2D obese patients

exhibit higher expression levels of TNF receptor (TNFR)-2

in PBMC compared to normoglycemic obese individuals

(Fogeda et al. 2004). Moreover, diet-induced weight loss in

individuals with metabolic syndrome altered the gene ex-

pression of cytokines related to inflammation (de Mello

et al. 2008b) and also resulted in a decreased expression of

genes involved in the activation of the transcription factor

nuclear factor j B (NFjB) in PBMC (de Mello et al.

2008a). In addition, an association between white blood

cell subtypes and measures of insulin resistance has been

recently described (Lee et al. 2014). Importantly, obese

patients exhibit reduced immune regulatory T (Tregs) cells

(Wagner et al. 2013), and crucial defense against inap-

propriate immune responses operating in contexts of in-

flammation (Feuerer et al. 2009; Sakaguchi et al. 2008).

In recent years, new factors secreted by adipose tissue

that promote inflammatory responses and metabolic dys-

function or contribute to the resolution of inflammation

have been identified (Olefsky and Glass 2010). The balance

between these factors is crucial for determining home-

ostasis (Frühbeck and Gómez-Ambrosi 2003; Leal Vde and

Mafra 2013; Ouchi et al. 2011). In states of obesity, we

have previously described that adipose tissue produces

higher levels of novel adipokines including chemerin,

chitinase-3-like protein 1 (YKL-40), lipocalin-2 (LCN-2)

and osteopontin (OPN) (Catalán et al. 2009, 2011, 2013;

Gómez-Ambrosi et al. 2007). The family of adipokines is

highly diverse in structure and function. Whereas LCN-2

seems to act as an antagonist to the effect of inflammatory

molecules (Guo et al. 2014; Zhang et al. 2008), OPN and

YKL-40 are directly related to increased inflammation and

insulin resistance via impaired extracellular matrix re-

modeling (Johansen et al. 2000; Lancha et al. 2014).

Since previous studies have mainly focused on the

analysis of mediators of inflammation in adipose tissue,

muscle or liver, we aim to evaluate whether alterations in

the gene expression levels of novel adipokines whose

regulation is altered in adipose tissue in obesity are equally

manifested in PBMC, thereby providing to be useful cir-

culating biomarkers.

Materials and methods

Patient selection

In order to analyze the effect of obesity and T2D on the

circulating and gene expression levels of novel inflamma-

tion-related adipokines, blood samples from 69 subjects

[20 normoglycemic lean (LN), 24 normoglycemic obese

(OB-NG) and 25 obese with T2D (OB-T2D)] recruited

from healthy volunteers and patients attending the

Departments of Endocrinology and Nutrition as well as

Surgery at the Clı́nica Universidad de Navarra were used.

Patients underwent a clinical assessment including medical

history, physical examination, body composition analysis

and comorbidity evaluation performed by a multidisci-

plinary consultation team. Body mass index (BMI) was

calculated as weight in kilograms divided by the square of

height in meters and body fat (BF) was estimated by air

displacement plethysmography (Bod-Pod�, Life Measure-

ments, Concord, CA) (Gómez-Ambrosi et al. 2012). Pa-

tients were classified as obese according to BMI C 30 kg/

m2 as well as BF C 25 % for males and BF C 35 % for

females. The waist-to-hip ratio (WHR) was measured as

the quotient between the circumference of the waist (at the

midway level between the margin of the lowest rib and the

iliac crest) and the hip (at the widest trochanters). Nor-

moglycemia and T2D were defined following the criteria of

the Expert Committee on the Diagnosis and Classification

of Diabetes Mellitus (Diagnosis and classification of dia-

betes mellitus 2014). T2D of obese patients was of recent

diagnosis, and the patients were not on insulin therapy or

on medication likely to influence endogenous insulin

levels. Patients with chronic diseases, other than obesity,

such as cancer pathology or infectious diseases were ex-

cluded from the study. The study was approved, from an

ethical and scientific standpoint, by the Hospital’s Ethical

Committee responsible for research, and the written in-

formed consent of participants was obtained.
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Laboratory procedures

Plasma samples were obtained by venipuncture after an

overnight fast. Glucose was analyzed based on enzymatic

spectrophotometric reactions by an automated analyzer

(Hitachi Modular P800, Roche, Basel, Switzerland). In-

sulin was measured by means of an enzyme-amplified

chemiluminescence assay (IMMULITE�, Diagnostic

Products Corp., Los Angeles, CA) with intra- and interas-

say coefficients of variation of 4.2 and 5.7 %, respectively.

Insulin resistance and sensitivity were calculated using the

HOMA and QUICKI indices, respectively. Total choles-

terol, high-density lipoprotein (HDL-cholesterol) and low-

density lipoprotein (LDL-cholesterol) levels were calcu-

lated as previously described (Catalán et al. 2007a). Ala-

nine aminotransferase (ALT), aspartate aminotransferase

(AST), alkaline phosphatase (ALP), c-glutamyltransferase

(c-GT) and creatinine were measured by enzymatic tests

(Roche) in an automated analyzer (Roche/Hitachi Modular

P800). High-sensitivity C-reactive protein (CRP), fibrino-

gen, homocysteine and von Willebrand factor antigen

(vWF) concentrations were determined as previously re-

ported (Catalán et al. 2007a). Leptin was measured by a

double-antibody RIA method (Linco Research, Inc., St.

Charles, MO); intra- and inter-assay coefficients of varia-

tion were 5.0 and 4.5 %, respectively. Commercially

available ELISA kits were used to assess circulating levels

of LCN-2 (R & D systems, Minneapolis, MN), OPN (R &

D systems), YKL-40 (R & D systems) and chemerin

(Biovendor, Heidelberg, Germany) according to the

manufacturer’s instructions. The intra- and interassay co-

efficients of variation were as follows: 3.7 and 6.5 % for

LCN-2; 3.2 and 5.9 % for OPN; 4.6 and 6.0 % for YKL-

40; and 6.0 and 7.6 % for chemerin.

RNA extraction and Real-Time PCR

Human peripheral blood mononuclear cells were isolated

by density gradient centrifugation on Ficoll (GE Healthcare

Life Sciences, Pittsburgh, PA), and RNA extraction was

performed using the RNeasy Tissue Mini Kit (Qiagen,

Valencia, CA) according to the manufacturer’s directions

and treated with DNase I (RNase-free DNase Set, Qiagen)

in order to remove any trace of genomic DNA. For first-

strand cDNA synthesis, constant amounts of 1 lg of total

RNA were reverse-transcribed in a 20-lL final volume

using random hexamers (Roche) as primers and 200 units

of M-MLV reverse transcriptase (Invitrogen, Carlsbad,

CA) (Gómez-Ambrosi et al. 2004).

The transcript levels for LCN-2 (LCN2), OPN (SPP1),

YKL-40 (CHI3L1) and chemerin (RARRES2) were quan-

tified by Real-Time PCR (7300 Real-Time PCR System,

Applied Biosystem, Foster City, CA). Primers and probes

(Supplemental Table 1) were designed using the software

Primer Express 2.0 (Applied Biosystems) and purchased

from Genosys (Sigma-Aldrich, Madrid, Spain). Primers or

TaqMan� probes encompassing fragments of the areas

from the extremes of two exons were designed to ensure

the detection of the corresponding transcript avoiding ge-

nomic DNA amplification. The cDNA was amplified at the

following conditions: 95 �C for 10 min, followed by 45

cycles of 15 s at 95 �C and 1 min at 59 �C, using the

TaqMan� Universal PCR Master Mix (Applied Biosys-

tems). The primer and probe concentrations for gene am-

plification were 300 and 200 nmol/L, respectively. All

results were normalized to the levels of the ribosomal 18S

rRNA (Applied Biosystems), and relative quantification

was calculated using the DDCt formula. Relative mRNA

expression was expressed as fold expression over the

calibrator sample (average of gene expression corre-

sponding to the LN group) as previously described (Catalán

et al. 2007b). All samples were run in triplicate, and the

average values were calculated. All PCR amplification

efficiencies were close to 100 %, indicating that the

amount of product doubles with each cycle (Bustin et al.

2009) (Supplemental Fig. 1).

Statistical analysis

Data are presented as mean ± standard error of the mean

(SEM). The program PS Power and Sample Size Calcu-

lations (edition 3.0.43) was used to determine the power

of the study and sample size calculation. In order to

identify biologically significant differences between

groups, we performed an estimation of a continuous re-

sponse variable (plasma OPN concentrations). Based on

previous similar studies of our own group, the standard

deviation was expected to be 16 ng/mL, thereby yielding

the need to study at least 18 patients to be able to reject

the null hypothesis with a 0.9 power expecting a mini-

mum mean change of 18 ng/mL in an unpaired compar-

ison between two groups. The type I error probability

associated was 0.05. Anticipating a potential loss of

samples due to sample availability or methodological is-

sues, we decided to use at least 20 patients per group.

Due to the good attendance of patients to our depart-

ments, the final experimental design included 20, 24 and

25 patients in the lean, obese normoglycemic and obese

with type 2 diabetes groups, respectively. Differences in

the proportion of subjects within groups regarding gender

were assessed by Chi-square test. Due to their non-normal

distribution, CRP concentrations as well as gene expres-

sion levels of the inflammatory markers were logarith-

mically transformed. The normal distribution of the other

variables was adequate for the use of parametric tests.

Differences in the proportion of subjects within groups
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regarding gender were assessed by using a contingency

test (Chi-square test). Differences between groups were

assessed by one-way ANOVA followed by Tukey’s post

hoc tests and were further analyzed after age adjustment

by analysis of covariance (ANCOVA). Associations be-

tween two variables were computed by Pearson’s (r) cor-

relation coefficient. The calculations were performed

using the SPSS/Windows version 15.0 statistical package

(SPSS, Chicago, IL, USA). A P value \0.05 was con-

sidered statistically significant.

Results

Patients’ characteristics

The biochemical and hormonal characteristics of the sub-

jects included in the study are shown in Table 1. No dif-

ferences in gender distribution between groups were found

(P = 0.554). The obese patients exhibited significantly

higher (P\ 0.01) BMI, BF and waist circumference

compared to the lean volunteers. As expected, obese

Table 1 Anthropometric and

biochemical characteristics of

subjects included in the study

Lean Obese NG Obese T2D P

n (male, female) 20 (8, 12) 24 (7, 17) 25 (8, 17) 0.554

Age (years) 31 ± 2 35 ± 3 46 ± 2*, � \0.01

BMI (kg/m2) 21.3 ± 0.5 43.4 ± 1.2*** 44.2 ± 1.5*** \0.001

Body fat (%) 22.3 ± 1.5 53.0 ± 1.1*** 50.5 ± 1.3*** \0.001

Waist (cm) 76 ± 3 122 ± 3*** 125 ± 2*** \0.001

Hip (cm) 94 ± 1 132 ± 2*** 133 ± 3*** \0.001

Waist-to-hip ratio 0.81 ± 0.02 0.93 ± 0.2*** 0.94 ± 0.01*** \0.001

SBP (mmHg) 107 ± 3 124 ± 3*** 133 ± 3*** \0.001

DBP (mmHg) 66 ± 2 76 ± 2* 83 ± 2***,� \0.001

Fasting glucose (mg/dL) 84 ± 5 85 ± 2 122 ± 8***,��� \0.001

2 h OGTT glucose (mg/dL) – 111 ± 5 168 ± 10���

Fasting insulin (lU/mL) 5.9 ± 1.3 15.1 ± 1.6* 21.7 ± 1.8***,� \0.001

2 h OGTT insulin (lU/mL) – 80.9 ± 10.5 136.4 ± 15.4���

HOMA 1.3 ± 0.4 3.1 ± 0.3 5.6 ± 0.5***,�� \0.001

QUICKI 0.386 ± 0.015 0.330 ± 0.006*** 0.303 ± 0.004***,� \0.001

Triacylglycerol (mg/dL) 67 ± 9 100 ± 9 195 ± 39*,� 0.015

Total cholesterol (mg/dL) 176 ± 9 183 ± 9 211 ± 9 0.033

LDL-cholesterol (mg/dL) 86 ± 6 109 ± 7 129 ± 8** 0.008

HDL-cholesterol (mg/dL) 80 ± 10 54 ± 4** 49 ± 2** \0.01

Leptin (ng/mL) 8.6 ± 1.7 57.0 ± 5.2*** 52.2 ± 5.7*** \0.001

CRP (mg/L) 0.6 ± 0.1 10.2 ± 1.9** 7.7 ± 1.3* \0.001

Fibrinogen (mg/dL) 189 ± 5 379 ± 17*** 349 ± 16*** \0.001

von Willebrand factor (%) 61 ± 9 127 ± 11*** 136 ± 11*** \0.001

Homocysteine (lmol/L) 6.6 ± 0.6 8.8 ± 0.8 9.9 ± 1.2 0.178

AST (UI/L) 13 ± 1 16 ± 1 16 ± 2 0.556

ALT (UI/L) 6 ± 1 24 ± 3* 27 ± 3*** 0.006

ALP (UI/L) 86 ± 8 100 ± 5 100 ± 6 0.367

c-GT (UI/L) 12 ± 2 18 ± 3 37 ± 10 0.093

Data are mean ± SEM. CRP was logarithmically transformed for statistical analysis due to its non-normal

distribution. Differences regarding gender were assessed by Chi-square test. Differences between groups

were analyzed by one-way ANOVA followed by Tukey’s post hoc tests. Statistical differences in OGTT

tests were determined by Student’s t test

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass

index, CRP C-reactive protein, DBP diastolic blood pressure; c-GT c-glutamyltransferase, HOMA home-

ostasis model assessment, NG normoglycemic, OGTT oral glucose tolerance test, QUICKI quantitative

insulin sensitivity check index, SBP systolic blood pressure, T2D type 2 diabetes

* P\ 0.05, ** P\ 0.01 and *** P\ 0.001 versus lean
� P\ 0.05, �� P\ 0.01 and ��� P\ 0.001 versus obese NG
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patients showed increased concentrations of leptin

(P\ 0.001), triacylglycerol (P\ 0.001) and LDL-choles-

terol (P\ 0.05) levels together with lower (P\ 0.05)

circulating HDL-cholesterol concentrations. Obese patients

with T2D exhibited higher HOMA (P\ 0.01) and lower

QUICKI (P\ 0.01) indices than both lean and obese NG

individuals. Circulating levels of the inflammatory markers

CRP (P\ 0.05), fibrinogen (P\ 0.01) and vWF

(P\ 0.01) were increased in obese patients compared to

lean subjects as well as the concentration of the hepatic

enzyme ALT (P\ 0.01).

Increased circulating levels of novel inflammatory

adipokines in obesity

Circulating concentrations of LCN-2 (P\ 0.0001), YKL-

40 (P\ 0.05) and chemerin (P\ 0.0001) were sig-

nificantly increased in both obese groups compared to lean

subjects (Fig. 1). OPN levels were significantly higher

(P\ 0.05) in obese NG patients, but no differences were

found in obese subjects with T2D. Since obese patients

with T2D were significantly older, an ANCOVA with age

as a covariable was performed to investigate the effect of

age on circulating levels of all the inflammatory-related

adipokines. The differences in circulating concentrations of

LCN-2 and chemerin due to obesity were also maintained

after age adjustment (P\ 0.001). Serum levels of OPN and

YKL-40 in obese patients were increased, but differences

were not statistically significant after age adjustment. In

this line, circulating levels of LCN-2, YKL-40 and

chemerin were positively correlated (P\ 0.01) with

different anthropometric measurements, but no association

was detected regarding OPN levels (Table 2). LCN-2

(P\ 0.001) and chemerin (P\ 0.01) were highly

positively associated with leptin and insulin levels as well

as negatively correlated with the insulin sensitivity

QUICKI index (Table 2). Importantly, a positive correla-

tion (P\ 0.01) between chemerin and LCN-2 with the

classic inflammatory markers CRP, fibrinogen and vWF

was detected (Table 2). Moreover, chemerin levels were

also associated (P\ 0.01) with all the new adipokines

analyzed.

Gene expression levels of inflammatory adipokines

in peripheral mononuclear blood cells are increased

in obese patients

In light of the important contribution to obesity-associated

inflammation of PBMC, we assessed gene expression

levels of the inflammatory factors LCN2, CHI3L1, SPP1

and RARRES2 in this type of cells. We detected an im-

portant upregulation (P\ 0.01) of all the inflammatory

adipokines in both groups of obese patients with similar

results after age adjustment analysis (Fig. 2). Moreover, a

high positive association (P\ 0.001) between the gene

expression levels of all the adipokines analyzed was found.

As expected, a strong association between the mRNA

levels of LCN2, CHI3L1, SPP1 and RARRES2 with an-

thropometric measurements was detected, whereas a

negative association with the QUICKI index was found

(Table 3). In line with the results found in the circulating

levels, gene expression levels of LCN2 and SPP1 were
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Fig. 1 Circulating

concentrations of a LCN-2,

b YKL-40, c chemerin and

d OPN of lean (LN), obese

normoglycemic (OB-NG) and

obese diabetic (OB-T2D)

volunteers. Bars represent the

mean ± SEM (LN n = 20; OB-

NG n = 24; OB-T2D n = 25).

Differences between groups

were analyzed by one-way

ANOVA followed by Tukey’s

tests. *P\ 0.05; **P\ 0.01

versus LN
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associated with classic inflammatory markers, detecting a

positive association with circulating levels of CRP, fib-

rinogen and vWF (Table 3). Gene expression levels of all

adipokines were associated with leptin concentrations ex-

cept for CHI3L1 (Table 3).

Finally, we also identify a positive association between

the gene expression levels of all adipokines analyzed with

their corresponding circulating concentrations, except for

OPN (Table 4).

Discussion

Different factors are involved in the obesity-related comor-

bidities but chronic low-grade inflammation is emerging as a

dominant overarching view (Johnson and Olefsky 2013).

During obesity, cells from the innate and adaptive immune

system infiltrate insulin-sensitive tissues, starting the inflam-

matory response (Weisberg et al. 2003; Xu et al. 2003). Adi-

pose tissue is an important initiator of the inflammatory

Table 2 Univariate analysis of the correlations between circulating concentrations of the analyzed inflammatory markers and anthropometric

and biochemical variables

Circulating LCN-2 Circulating YKL-40 Circulating OPN Circulating chemerin

r P r P r P r P

Age 0.33 0.007 0.35 0.006 0.02 0.836 0.47 \0.001

BMI 0.70 \0.001 0.38 0.003 0.11 0.392 0.61 \0.001

Body fat 0.76 \0.001 0.24 0.311 0.10 0.488 0.72 \0.001

Fasting glucose 0.15 0.284 0.03 0.802 0.13 0.375 0.08 0.664

Fasting insulin 0.42 0.002 0.02 0.870 0.07 0.633 0.41 0.016

QUICKI -0.53 \0.001 -0.09 0.532 -0.01 0.910 -0.57 \0.001

Leptin 0.46 \0.001 0.19 0.201 0.04 0.785 0.50 0.003

CRP 0.56 \0.001 -0.05 0.731 0.20 0.201 0.47 0.009

Fibrinogen 0.53 \0.001 0.08 0.568 0.236 0.119 0.46 0.006

von Willebrand factor 0.33 0.023 0.21 0.173 0.26 0.096 0.58 \0.001

AST 0.06 0.635 0.34 0.017 0.09 0.522 0.17 0.329

ALT 0.28 0.039 0.32 0.025 0.17 0.252 0.33 0.054

Bold values denote statistically significant P values

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, CRP C-reactive protein, QUICKI quantitative insulin

sensitivity check index
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Fig. 2 Gene expression levels

in peripheral blood

mononuclear cells (PBMC) of

a lipocalin-2 (LCN2), b YKL-40

(CHI3L1), c chemerin

(RARRES2) and d OPN (SPP1)

of lean (LN), obese

normoglycemic (OB-NG) and

obese diabetic (OB-T2D)

volunteers. The mRNA bars

represent the mean ± SEM of

the ratio between the gene

expression and 18S rRNA. The

expression level in the LN

subjects was assumed to be 1

(LN, n = 20; OB-NG, n = 24;

OB-T2D, n = 25). Differences

between groups were analyzed

by one-way ANOVA followed

by Tukey’s tests. *P\ 0.05;

**P\ 0.01 versus LN
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response in obesity (Olefsky andGlass 2010). Extensivework

has beendoneon the biology of immune cells that infiltrate the

adipose tissue as a major source of pro-inflammatory cytoki-

nes, but little is known about the association between PBMC

and obesity-associated inflammation. PBMC are a type of

cells suitable and of great interest in the research into

mechanisms of immune dysfunction in obesity since they are

easily accessible and have been also shown to reflect the re-

sponses of dietary modifications, oxidative stress and drugs at

the gene expression level (de Mello et al. 2012; Ghanim et al.

2004;Yamaoka et al. 2012). In the present study,we show, for

the first time, that PBMC gene expression levels of the novel

adipokines chemerin, YKL-40, LCN-2 and OPN were

strongly upregulated in obesity independently of the glycemic

state and associated with different circulating inflammatory

markers. Furthermore, the adipokine transcript levels in

PBMC from obese subjects reflected their circulating

concentrations.

LCN-2, also known as neutrophil gelatinase-associated

lipocalin (NGAL) and 24p3, is a component of the innate

immune system that also functions as a carrier protein for

small hydrophobic molecules including iron (Flo et al.

2004). Upregulated expression levels have been described in

both adipose tissue and liver of db/db mice and in isolated

adipocytes from obese Zucker rats (Zhang et al. 2008). We

have recently shown that LCN-2 is highly expressed in vis-

ceral adipose tissue in human obesity (Catalán et al. 2009).

Accordingly, we detected increased circulating and gene

expression levels of LCN2 in human PBMC in obesity as

well as a positive association with insulin levels and HOMA

index. In this regard, an upregulation of LCN2 by insulin in

adipose tissue explants and increased circulating levels after

hyperinsulinemic induction in humans have been described

(Tan et al. 2009). The positive correlation between both

circulating and gene expression levels of LCN-2 with in-

flammatory markers detected in the present study may be

related to the role of LCN-2 as an anti-inflammatory

regulator described not only on adipocytes but also on

macrophage activation (Guo et al. 2014; Zhang et al. 2008).

OPN regulates a great variety of cellular processes in-

cluding tissue remodeling and immune regulation through

its interactions with multiple cell surface receptors (Kahles

Table 3 Univariate analysis of

the correlations between gene

expression levels of the

analyzed inflammatory markers

and anthropometric and

biochemical variables

mRNA LCN2 mRNA CHI3L1 mRNA SPP1 mRNA RARRES2

r P r P r P r P

Age 0.22 0.074 -0.01 0.993 0.23 0.061 0.04 0.699

BMI 0.65 \0.001 0.37 0.002 0.58 \0.001 0.42 \0.001

Body fat 0.66 \0.001 0.34 0.007 0.56 \0.001 0.43 0.008

Fasting glucose 0.20 0.166 0.01 0.991 -0.04 0.732 -0.04 0.973

Fasting insulin 0.48 \0.001 0.29 0.036 0.27 0.055 0.24 0.097

QUICKI -0.60 \0.001 -0.38 0.007 -0.49 0.004 -0.35 0.015

LDL-cholesterol 0.37 0.015 0.28 0.059 0.33 0.029 0.44 0.003

HDL-cholesterol -0.43 0.002 -0.22 0.136 -0.18 0.231 -0.31 0.041

Leptin 0.51 0.003 0.27 0.057 0.45 0.002 0.36 0.015

CRP 0.53 \0.001 0.27 0.071 0.43 0.003 0.10 0.523

Fibrinogen 0.52 \0.001 0.15 0.312 0.38 0.007 0.17 0.269

von Willebrand factor 0.27 0.078 0.29 0.048 0.39 0.008 0.28 0.066

AST 0.02 0.998 0.27 0.052 0.12 0.356 -0.10 0.482

ALT 0.26 0.072 0.32 0.017 0.23 0.094 0.06 0.656

Bold values denote statistically significant P values

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, CRP C-reactive

protein, QUICKI quantitative insulin sensitivity check index

Table 4 Univariate analysis of

the correlations between gene

expression levels and

circulating concentrations of the

analyzed inflammatory markers

Circulating LCN-2 Circulating YKL-40 Circulating OPN Circulating chemerin

r P r P r P r P

mRNA LCN2 0.34 0.004 0.19 0.131 0.23 0.064 0.57 \0.001

mRNA CHI3L1 0.25 0.028 0.29 0.014 0.02 0.837 0.24 0.084

mRNA SPP1 0.28 0.017 0.17 0.168 0.10 0.438 0.37 0.006

mRNA RARRES2 0.24 0.048 0.08 0.510 0.20 0.103 0.42 \0.001

Bold values denote statistically significant P values
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et al. 2014). Abundant evidence suggests that osteopontin

plays a pivotal role in the development of adipose tissue

inflammation and insulin resistance (Gómez-Ambrosi et al.

2007; Lancha et al. 2014). This observation is in line with

our results, where elevated circulating levels of OPN and

its gene expression in PBMC in obesity have been ob-

served. It is well recognized that OPN controls monocyte

adhesion and migration and also induces the expression of

matrix metalloproteinases proposing a role in regulating

monocyte/macrophage recruitment to sites of inflammation

(Kahles et al. 2014). Therefore, our findings may also be

relevant with respect to migration of PBMC to sites of

inflammation such as adipose tissue or liver. OPN defi-

ciency has been described to improve glucose tolerance

(Kiefer et al. 2010; Lancha et al. 2014). In this regard, a

positive association of mRNA levels of SPP1 in PBMC

with insulin resistance has been shown in the present study,

suggesting the involvement of PBMC in glucose home-

ostasis in obesity.

Chemerin is a novel chemo-attractant protein with im-

portant roles in the initiation of immune responses by

regulating traffic of leukocyte populations. Chemerin has

been also shown to be an independent predictor for the

number of white blood cells (Landgraf et al. 2012). We

clearly showed increased circulating and gene expression

levels of this protein in PBMC in both groups of obese

patients. Although chemerin promotes inflammation by

stimulating macrophage adhesion, an anti-inflammatory

effect depending on the protease that cleavages pro-

chemerin has been also reported (Cash et al. 2008). Our

findings are in line with previous work in which an asso-

ciation of chemerin with inflammatory factors was detected

(Weigert et al. 2010). Several studies suggested chemerin

as a predictor of the metabolic syndrome, particularly re-

garding insulin and glucose homeostasis (Bozaoglu et al.

2007). In the present study, we show a correlation of

chemerin with insulin resistance.

YKL-40 mainly functions in tissue inflammation and

extracellular matrix remodeling. Our present findings

confirm that circulating levels of YKL-40 are increased in

obesity (Catalán et al. 2011; Hempen et al. 2009). More-

over, elevated gene expression levels in PBMC in obesity

were found indicating the contribution of YKL-40 in the

worsening of the inflammatory response in obesity. Inter-

estingly, we detected a positive association of YKL-40

with circulating concentrations of markers of liver function

such as AST and ALT. Reportedly, YKL-40 concentrations

are increased in patients with chronic liver disease, pro-

viding information about the amount of liver fibrosis (Jo-

hansen et al. 2000).

In the current study, no differences in circulating and

gene expression levels of novel adipokines between NG

and T2D obese patients were found, pointing to a

comparable inflammatory response in the PBMC of pa-

tients from both groups. In agreement with our findings, no

differences in the expression of inflammatory genes in

adipose tissue or PBMC between metabolically obese

healthy and metabolically abnormal obesity groups have

been found in recent studies (Catalán et al. 2007a; Gómez-

Ambrosi et al. 2014; Telle-Hansen et al. 2013). Moreover,

we have identified that the upregulation of gene expression

levels of most of the novel adipokines in PBMC is asso-

ciated with their circulating concentrations, suggesting the

contribution of these types of cells to the increased circu-

lating levels in obesity states.

Cytokines are critical effectors of PBMC function, and

their altered expression in obesity contributes to the pre-

disposition to a chronic active inflammatory condition as-

sociated with the development of obesity-related

comorbidities. The identification and study of novel

adipokines involved in the regulation of the delicate balance

of interplay between metabolic and immune systems may be

useful to clarify the mechanisms induced in obesity.

Broadening our knowledge about adipokines will provide

new opportunities for developing therapeutic approaches to

enhance the capacity of endogenous molecules to prevent

stress and inflammatory responses associated with obesity.
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