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Serum oxLDL–β2GPI complex reflects metabolic syndrome
and inflammation in adipose tissue in obese
M Siklova1,2, M Koc1,2, L Rossmeislová1,2 and P Kraml2

BACKGROUND/OBJECTIVES: OxLDL–β2GPI complex has been suggested to have a role in the development of atherosclerosis and
other inflammatory diseases. The aim of this study was to investigate the possible association of circulating oxLDL–β2GPI with
obesity-induced inflammatory state of adipose tissue and related comorbidities as metabolic syndrome development.
SUBJECTS/METHODS: Two cohorts of subjects were examined in the study. Cohort I: 36 women with wide range of body mass
index (17–48 kg m−2) and metabolic status (with or without metabolic syndrome (MS); cohort II: 20 obese women undergoing a
dietary intervention (DI) consisting of 1-month very-low-calorie diet, and 5 months of weight-stabilization period. Serum levels of
oxLDL–β2GPI were measured by enzyme-linked immunosorbent assay. Insulin sensitivity was evaluated by hyperinsulinemic-
euglycemic clamp and homeostasis model assessment of insulin resistance. mRNA expression of macrophage markers was
determined in both subcutaneous (SAT) and visceral (VAT) adipose tissue in cohort I and in SAT in cohort II.
RESULTS: Serum oxLDL–β2GPI levels were increased in obese subjects with MS compared to lean or obese without MS (obese with
MS: 26.6 ± 5.0 vs lean: 15.17 ± 1.97, Po0.001; vs obese without MS: 16.36 ± 2.89, Po0.05). Serum oxLDL–β2GPI correlated with MS
indices (glucose, high-density lipoprotein, triglyceride and ureic acid) and with mRNA expression of macrophage markers in VAT.
Weight-reducing DI decreased serum oxLDL–β2GPI levels together with lipid parameters and the mRNA expression of inflammatory
markers in SAT.
CONCLUSIONS: OxLDL–β2GPI seems to be an important marker of visceral adipose tissue inflammation and possibly a factor
contributing to insulin resistance and metabolic syndrome development in obese patients.
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INTRODUCTION
Chronic low inflammation is believed to have a key role in the
pathogenesis of insulin resistance syndrome with all its compo-
nents—hyperinsulinemia, hyperglycemia, dyslipidemia, abdom-
inal obesity, hypertension, prothrombotic state and development
of type 2 diabetes mellitus.1,2

It has been demonstrated that insulin resistance is closely
associated with plasma concentrations of oxidized low-density
lipoproteins (oxLDL), which not only serve as a biomarker of
oxidative stress but also have a key role in the pathogenesis of
atherosclerosis.3 Small dense LDL particles (LDL subclass B) are
associated with hypertriglyceridemia and low high-density lipo-
protein (HDL)-cholesterol in obese individuals and diabetic
patients, and are more prone to oxidative modification than the
larger LDL particles (subclass A).4 Besides insulin resistance and
diabetes, increased levels of oxLDL were observed in autoimmune
inflammatory diseases, chronic infection, chronic renal failure or
elevated iron levels.5–8 Through its cytotoxic effects, oxLDL cause
endothelial dysfunction and consequently promote recruitment of
macrophages and T lymphocytes to the site of the atherosclerotic
lesion.9 Within the subendothelial space of the arterial intima,
oxLDL is readily taken up by macrophages via scavenger recep-
tors resulting in foam-cell formation.10 In addition, oxLDL
form complexes with β2-glycoprotein I (β2GPI), a member of
the plasma complement control protein superfamily.11 In

atherosclerotic lesions, β2GPI co-localizes with macrophage-
derived foam cells and activated smooth muscle cells.12 Moreover,
both oxLDL and β2GPI were found in co-localization with
lymphocytes and immunoglobulins within atherosclerotic
plaque.13 Greco et al.14 documented significant correlation of
serum oxLDL–β2GPI with the severity and outcomes of coronary
heart disease in patients with acute coronary syndrome. Other
studies have demonstrated association of the oxLDL–β2GPI
complex with chronic autoimmune diseases, such as rheumatoid
arthritis, systemic lupus erythematosus, antiphospholipid syn-
drome or systemic sclerosis, as well as chronic renal disease and
diabetes mellitus.15,16 In our previous study, we demonstrated that
healthy men with abdominal obesity had significantly higher
plasma concentration of oxLDL–β2GPI than non-obese subjects.
Moreover, in that study plasma oxLDL–β2GPI were associated with
markers of insulin resistance.17 This finding implies that oxLDL–
β2GPI may have a role in a systemic inflammatory state associated
with adipose tissue inflammation, which probably contributes to
insulin resistance development. Thus, the aim of the present study
was to elucidate possible relation between oxLDL–β2GPI and
markers of adipose tissue inflammation in a cohort of women with
a wide range of body mass index (BMI) and different metabolic
profile (presence/absence of metabolic syndrome). Crucial role in
the development of insulin resistance and obesity-associated
inflammatory state is traditionally attributed to the visceral
adipose tissue,18–20 therefore we analyzed the expression of

1Department for the Study of Obesity and Diabetes, Third Faculty of Medicine, Charles University, Prague, Czech Republic; 2Franco-Czech Laboratory for Clinical Research on
Obesity, Third Faculty of Medicine, Prague, and Institut des Maladies Métaboliques et Cardiovasculaires, Université Toulouse III Paul Sabatier, Toulouse, France and 3Second
Department of Internal Medicine, University Hospital Kralovske Vinohrady, Prague, Czech Republic. Correspondence: Dr M Siklova, Department for the Study of Obesity and
Diabetes, Third Faculty of Medicine, Charles University, Ruska 87, 100 00 Prague, Czech Republic.
E-mail: michaela.siklova@lf3.cuni.cz
Received 20 February 2017; revised 3 October 2017; accepted 8 October 2017; accepted article preview online 30 October 2017; advance online publication, 5 December 2017

International Journal of Obesity (2018) 42, 405–411
© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 0307-0565/18

www.nature.com/ijo

http://dx.doi.org/10.1038/ijo.2017.260
mailto:michaela.siklova@lf3.cuni.cz
http://www.nature.com/ijo


inflammatory markers in both visceral adipose tissue (VAT) and
subcutaneous adipose tissue (SAT) in our cross-sectional study.
Moreover, we aimed to elucidate whether 6 months of weight-
reducing dietary intervention (DI) could alter the serum oxLDL–
β2GPI concentrations.

MATERIALS AND METHODS
Subjects
Two cohorts of Caucasian women participated in the study.

Cohort I. Thirty-six women with a wide range of BMI (age 27–63 years,
BMI 17.3–48.5 kg m− 2) scheduled to have abdominal surgery (laparoscopic
cholecystectomy, hysterectomy or gastric banding) were included in the
study. Exclusion criteria were as follows: malignancy; congestive heart
failure; chronic liver or kidney disease; psychiatric disorders; and body
weight fluctuations 43 kg over the preceding 3 months. According to BMI
and to presence or absence of the metabolic syndrome (evaluated
according to the International Diabetes Federation criteria,21) 36 partici-
pants were stratified into 3 groups: lean (LE; n= 12 subjects), obese (OB;
n= 12) and obese with metabolic syndrome (OB/MS; n= 12).

Cohort II. This cohort consisted of 20 obese premenopausal women (age
40± 2 years; BMI 33.5 ± 0.6 kg m− 2). Exclusion criteria were as follows:
malignancy; hypertension; diabetes; hyperlipidemia treated by drugs;
weight change of 43 kg within the 3 months before the study; drug-
treated obesity; pregnancy; participation in other trials; and alcohol or
drug abuse.

Written informed consent was obtained from all subjects in the study.
The study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects were
approved by the ethical committee of the Third Faculty of Medicine of
Charles University in Prague, Czech Republic.

Study design
Study I (cohort I). Clinical investigation was realized 7–14 days before the
surgery. Anthropometric measurements, blood sampling and euglycemic-
hyperinsulinemic clamp were performed at rest after an overnight fast.
Body composition was evaluated using bioelectrical impedance (QuadScan
4000, Bodystat Ltd., Douglas, Isle of Man, UK). Visceral and subcutaneous
fat areas were assessed using computed tomography scans at the level L4–
5.22 Blood samples were obtained before the clamp and plasma
parameters were measured, using standard procedures. Insulin sensitivity
was assessed using euglycemic-hyperinsulinemic clamp according to De
Fronzo et al.23 During the surgical procedure, paired samples of
subcutaneous (SAT) and omental visceral adipose tissue (VAT) were
obtained and processed immediately. Adipose tissue (AT) was washed in
physiological saline, homogenized in RLT lysis buffer (Qiagen, Hilden,
Germany) and stored at − 80 °C until total RNA extraction.

Study II (cohort II). Participants underwent DI consisting of a 1-month
very-low-calorie diet (800 kcal per day, liquid formula Redita; Promil, Nový
Bydžov, Czech Republic) and of a subsequent weight-stabilization phase.
The latter consisted in 2 months’ low-calorie diet (600 kcal per day less
than the estimated energy requirement) followed by 3 months’ weight
maintenance phase. Patients consulted a dietitian once a week during
energy restriction (very-low-calorie diet and low-calorie diet) and once a
month during the weight maintenance phase. They provided a written 3-
day dietary record at each dietary consultation during the weight
stabilization phase.
Clinical investigation, anthropometric measurements and blood sam-

pling were performed in the morning at fasting state at baseline (before
the DI) and at the end of whole DI. Needle biopsy of SAT was performed
under local anesthesia (1% xylocaine; AstraZeneca PLC, London, UK) from
the abdominal region (14–20 cm lateral to the umbilicus).24 Analysis of
insulin sensitivity was performed by the euglycemic-hyperinsulinemic
clamp according to the De Fronzo method. Homeostasis model assess-
ment of insulin resistance (HOMA-IR) was calculated as ‘fasting blood
glucose (mmol l− 1) × fasting insulin (mU l− 1)/22.5’.

Blood analysis
Plasma concentrations of glucose, insulin, lipids and high-sensitivity
C-reactive protein were determined using standard biochemical methods.
Serum concentration of oxLDL–β2GPI was determined by ELISA AtherOx
Test kit (Corgenix, Inc., Broomfield, CO, USA). The inter-assay precision of
the current assay was 2.75 ± 1.8%, the limit of detection was 0.06 ng ml− 1.
Serum concentrations of tumor necrosis factor alpha (TNFα) and monocyte
chemoattractant protein-1 (MCP-1) were determined using high-sensitivity
Quantikine (TNFα) and Quantikine (MCP-1) ELISA kits (R&D Systems,
Minneapolis, MN, USA).

Quantitative real time-PCR
Total RNA isolation was performed as previously described.24 Genomic
DNA was removed by DNAse I treatment (Invitrogen, Thermo Fisher
Scientific, Waltham, MA, USA). cDNA was obtained by reverse transcription
(High Capacity cDNA Reverse Transcription Kit, Applied Biosystems,
Carlsbad, CA, USA). Macrophage-specific markers were chosen from a
panel of genes that were identified in our previous study using a
combination of DNA microarray technology and immunosorting of cells
residing in AT.25 The highly specific genes for adipose tissue resident
CD34− /CD14+ macrophages (namely CD14, CD68, CD163, IRF5, KYNU,
MSR1, LIPA and ACP5) were selected according to the following criteria:
(1) gene expression more than 10- and 2-fold higher in macrophages than
in adipocytes and other non-adipocyte cell types, respectively; (2) more
than 1.5-fold higher expression in macrophages than in stroma-vascular
fraction; and (3) high inter-correlations of SAT and VAT gene expression.
Moreover, the gene expression of inflammatory cytokines (TNFα,
interleukin (IL)-6, IL-8 and MCP-1), and the genes/macrophage markers,
which have been associated with metabolic or cardiovascular diseases
(PLA2G7(ref. 26) and SPP1(ref. 27)) and/or oxLDL–β2GPI binding (FCGBP) was
determined. The mRNA expression was assessed by real-time quantitative
PCR on ABI PRISM 7900 or 7500 sequence detection system using Custom
TaqMan Low Density Arrays or TaqMan Gene Expression Assay (Applied
Biosystems). Level of expression of target genes was normalized to GUSB
and fold change of expression was calculated using ΔΔCt method.

Statistical analysis
Study I. To compare plasma and mRNA levels between the three groups
of subjects, the data were analyzed by univariate regression analysis with
adjustment for age, followed by Bonferroni post hoc analysis (SPSS 12.0 for
Windows, SPSS Inc., Chicago, IL, USA, and GraphPad Prism version 6.00 for
Windows, La Jolla, CA, USA). Correlations between the respective variables
were assessed using the Pearson’s parametric test.

Study II. To evaluate the diet-induced evolution of clinical variables and
plasma and mRNA levels, data were analyzed using paired T-test.
Correlations between the diet-induced relative changes of respective
variables were assessed using the Pearson’s parametric test (GraphPad
Software).
The sample size for both studies was chosen according to power

analysis (GPower 3.1, Dusseldorf, Germany), pre-specified effect size was
evaluated according to previous data.17 Data were expressed as means± s.
e.m., Po0.05 was considered statistically significant.

RESULTS
Study I: cross-sectional
Clinical and metabolic characteristics of the three groups of
subjects (LE, OB and OB/MS) are shown in Table 1. OB and OB/MS
group was similar in weight, BMI, fat mass and fat-free mass. OB/
MS subjects had higher visceral fat in total fat volume, increased
ureic acid, triglycerides and glucose levels, and lower HDL-
cholesterol levels, all of these parameters are associated with MS
diagnostics/appearance.21,28 Insulin sensitivity assessed as meta-
bolic clearance of glucose was lower in both, OB and OB/MS, when
compared with the LE group and not different between OB and
OB/MS groups. Serum levels of oxLDL–β2GPI were higher in OB/
MS than in LE and OB groups (Table 1). Serum levels of TNFα,
MCP-1 and high-sensitivity C-reactive protein were not different
among the groups (Table 1).
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Correlations. Circulating oxLDL–β2GPI levels correlated with
most of the variables associated with the metabolic syndrome,
that is, positive correlation with blood glucose, triglycerides and
uric acid, and inverse correlation with HDL-cholesterol and
metabolic clearance of glucose (Table 2). A trend to correlate
with the amount of visceral fat related to subcutaneous fat was
observed (visceral fat/subcutaneous fat; Table 2).
Moreover, oxLDL–β2GPI levels correlated positively with the

mRNA expression of number of macrophage markers in VAT,
namely TNFα, MSR1, PLA2G7, ACP5, FCGBP, KYNU, LIPA and SPP1
(Figure 1, Supplementary Table 1). The correlations of mRNA
expression of these markers with oxLDL–β2GPI in SAT were not
significant (or had borderline significance), except for TNFα.

Study II: DI
Clinical and metabolic characteristics of subjects in cohort II before
and after DI are summarized in Table 3. The body weight was
lower by 16.9% at the end of DI when compared with baseline.
HOMA-IR was lower, when compared with the pre-diet baseline
value, at the end of DI, while metabolic clearance of glucose was
higher than baseline values at the end of diet.
Weight-reducing DI induced a decrease of oxLDL–β2GPI serum

levels. mRNA levels of several macrophage markers in SAT, namely
MSR1, PLA2G7, ACP5, FCGBP and IRF5 were markedly reduced at
the end of DI as well (Figure 2). mRNA expression of TNFα in SAT
was not changed during the DI (Figure 2).

Correlations. Baseline values and the diet-induced changes of
circulating oxLDL–β2GPI correlated positively with corresponding
values and changes of BMI, triglycerides and cholesterol
(Supplementary Figure 1).

Table 1. Clinical and metabolic characteristics, and oxLDL–β2GPI levels in plasma of cohort I

Lean (n= 12) Obese (n=12) Obese with MS (n= 12)

Age (years) 39± 4 44± 3 47± 3
Weight (kg) 60.9± 1.9 93.2± 2.7*** 93.2±2.3***
BMI (kg m− 2) 21.7± 0.8 34.1± 1.0*** 34.3±0.9***
Fat mass (kg) 16.3± 1.6 40.4± 1.9*** 39.2±2.0***
Fat mass (%) 26.5± 2.0 43.2± 1.0*** 41.9±1.3***
Fat-free mass (kg) 44.3± 1.1 51.4± 1.3*** 54.0±1.1***
VF/SF (CT scan) 0.22± 0.02 0.27± 0.02 0.35±0.03***,****
% VF in total fat (CT scan) 17.5± 1.5 21.0± 1.1 25.7±1.5**
Waist (cm) 74.9± 2.0 103.3± 2.3*** 107.1±1.8***
WHR 0.77± 0.01 0.85± 0.01** 0.91±0.01***,*****
Glucose (mmol l− 1) 4.9± 0.1 5.4± 0.1 6.0± 0.4
Insulin (pmol l− 1) 28.7± 3.2 57.5± 8.0* 95.6±10.9***,*****
Ureic acid (μmol l− 1) 197± 20 248± 24 336±26**,****
BP syst (mm Hg) 112± 2 124± 4 128±3*
BP diast (mm Hg) 67± 1 77± 3** 80±2***
Triacylglycerol (mmol l− 1) 0.77± 0.05 1.27± 0.12 2.53±0.45***,*****
HDL-cholesterol (mmol l− 1) 1.59± 0.07 1.48± 0.08 1.27±0.06***,****
Total cholesterol (mmol l− 1) 4.4± 0.2 4.8± 0.3 4.7± 0.4
HOMA-IR 0.9± 0.1 2.0± 0.3 3.6±0.4*
MCRGLU (ml per kg FFM per min) 10.9± 0.9 7.2± 1.1* 4.7±0.6***
oxLDL–β2GPI (U ml− 1) 15.2± 2.0 16.4± 2.9 29.6±5.0*,****
hsCRP (mg l− 1) 2.7± 0.7 5.2± 1.0 5.2± 1.4
TNFα (pg ml− 1) 3.5± 0.4 3.8± 0.3 3.9± 0.3
MCP-1 (pg ml− 1) 222± 33.5 263± 46.1 272± 46.0

Abbreviations: BMI, body mass index; BP, blood pressure; CT, computed tomography; diast, diastolic; FFM, fat-free mass; HDL, high-density lipoprotein; HOMA-
IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattractant protein-1; MCRGLU,
metabolic clearance of glucose corrected for fat-free mass; MS, metabolic syndrome; oxLDL–β2GPI, oxidized low-density lipoproteins-β2-glycoprotein I; SF,
subcutaneous fat; syst, systolic; TNFα, tumor necrosis factor alpha; VF, visceral fat; WHR, waist-to-hip ratio. *Po0.05. **Po0.01. ***Po0.001 obese or obese
with metabolic syndrome compared with lean. ****Po0.05. *****Po0.01 obese with metabolic syndrome compared with obese (one-way analysis of variance
adjusted for age with Bonferonni post hoc analysis). Data are presented as mean± s.e.m. The significantly different values are marked in bold.

Table 2. Correlations between oxLDL–β2GPI and clinical parameters
in cohort I

OxLDL–β2GPI

Correl. coef. P-value

Weight (kg) 0.258 0.129
BMI (kg m− 2) 0.264 0.129
Fat mass (kg) 0.200 0.243
Waist (cm) 0.266 0.116
WHR 0.380 0.022
VF/SF (CT scan) 0.308 0.067
% VF in total fat (CT scan) 0.290 0.087
Blood glucose (mmol l− 1) 0.434 0.008
Plasma insulin (pmol l− 1) 0.249 0.149
Ureic acid (μmol l− 1) 0.469 0.004
HDL-cholesterol (mmol l− 1) −0.537 0.0007
Total cholesterol (mmol l− 1) 0.030 0.862
Triglycerides (mmol l− 1) 0.606 0.0001
HOMA-IR 0.003 0.987
MCRGLU (ml per kg FFM per min) − 0.323 0.055
hsCRP (mg l− 1) 0.044 0.805
TNFα (pg ml− 1) − 0.073 0.695
MCP-1 (pg ml− 1) 0.159 0.402

Abbreviations: BMI, body mass index; Correl. coef., correlation coefficient;
CT, computed tomography; FFM, fat-free mass; HDL, high-density
lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance;
hsCRP, high-sensitivity C-reactive protein; MCP-1, monocyte chemoattrac-
tant protein-1; MCRGLU, metabolic clearance of glucose corrected for fat-
free mass; oxLDL–β2GPI, oxidized low-density lipoproteins-β2-glycoprotein
I; SF, subcutaneous fat; TNFα, tumor necrosis factor alpha; VF, visceral fat;
WHR, waist-to-hip ratio. Data are presented as Pearson’s correlation
coefficient. The significantly different values are marked in bold.
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DISCUSSION
Our study was focused on oxLDL–β2GPI as a possible marker of
both oxidative stress and the inflammatory process in the adipose
tissue contributing to the development of obesity-related
comorbidities as insulin resistance and metabolic syndrome.
In the cross-sectional study, the plasma concentrations of

oxLDL–β2GPI did not statistically differ between the lean and
obese subjects, however the levels were almost doubled in the

obese women with metabolic syndrome compared to the lean
individuals or obese group without MS. There may be discrepancy
with our previous study, where oxLDL–β2GPI was increased in
group of obese men compared to lean.17 However, the possible
gender differences should be taken into account. Further, the
group of obese men was not divided according to presence of
metabolic syndrome components. Thus, the group was probably
mixed in this respect. Moreover, the higher visceral fat thickness
was present in obese men in previous study, similarly as increased

Figure 1. Correlations of serum oxLDL–β2GPI with inflammatory and macrophage markers expression in (a) VAT in cohort I (markers: LIPA;
PLA2G7; IRF5; FCGBP; MSR1; ACP5; and TNFα) and in (b) SAT (marker: TNFα) (n= 36, R= Pearson’s correlation coefficient).
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visceral fat area in the group of women with MS in present study.
In univariate regression analysis, oxLDL–β2GPI complex showed
correlation with waist-to-hip ratio and general parameters of
metabolic syndrome and insulin resistance (positive corr. with
glucose and triglycerides; inverse corr. with HDL-cholesterol and
metabolic clearance of glucose). Positive correlation with circulat-
ing ureic acid, a new marker of MS,28 was also found. These
findings imply that increase of circulating oxLDL–β2GPI becomes
significant especially when insulin resistance and metabolic
syndrome is developed.
oxLDL–β2GPI complex was associated with arterial and venous

disease, atherosclerosis and other inflammatory diseases.15,16,29

However, its role in obesity-derived inflammation was not yet
elucidated. In obesity, pro-inflammatory environment within the
white adipose tissue develops and is expressed by increased
accumulation of adipose tissue macrophages, a switch from anti-
inflammatory M2 to pro-inflammatory M1 phenotype of macro-
phages, and increased secretion of pro-inflammatory cytokines
(such as TNF-α, IL-1β and IL-6).30 The inflammatory state in AT is
associated with the development of insulin resistance also on
systemic level. Increased secretion of TNF-α and other inflamma-
tory cytokines, higher influx of free fatty acids due to upregulated

lipolysis in AT together with increased oxidative stress have
inhibitory effect on insulin responsive substance thereby inhibit-
ing insulin downstream signaling.31 In this study, oxLDL–β2GPI
levels correlated positively with the mRNA expression of several
macrophage markers in VAT and with the expression of pro-
inflammatory cytokine TNFα in both VAT and SAT. This is in line
with the study of Zhang et al.32 showing that the in vitro treatment
of peritoneal mice macrophages with oxLDL–β2GPI complexed
with anti-β2GPI antibody increased activity of nuclear factor κB
(NFκB) and enhanced secretion of TNFα and MCP-1, while all these
processes were reduced in macrophages isolated from TLR4-KO
mice. Thus, it has been suggested that oxLDL–β2GPI/anti-β2GPI
stimulates expression of TNFα and other pro-inflammatory
cytokines via activation of TLR4 receptors and NFκB pathway.
Activated NFκB regulates the expression of genes involved in
inflammation and immune processes in response to oxidative
stress.33 In fact, oxidative stress and inflammation are closely
related processes and one can be induced by the other.
Inflammatory cells produce reactive species, on the other hand
reactive oxygen and nitrogen species can serve as signaling
molecules enhancing pro-inflammatory gene expression in
tissues.34,35 Thus, it might be suggested that the oxidative stress
and inflammatory state in obese adipose tissue might be partially
triggered by the oxLDL–β2GPI in association with TNFα expres-
sion. Interestingly, the correlation of oxLDL–β2GPI with circulating
cytokines (TNFα and MCP-1) was not found in this study, which
suggests that the levels of oxLDL–β2GPI do not reflect systemic
inflammation in obese women, but are linked specifically with
adipose tissue inflammation.
The oxLDL particles seem to be highly immunogenic and its

immunogenicity is enhanced when bound to β2GPI in stable
complex. The oxLDL–β2GPI itself may activate mechanisms of
both adaptive and innate immunity in autoimmune-mediated and
also non-autoimmune atherothrombotic diseases.36 As proposed
by Kajiwara et al.,12 oxLDL–β2GPI form immune complexes with
IgG autoantibodies that can be subsequently absorbed by
macrophages through FcγRI-mediated phagocytosis and pre-
sented to autoreactive CD4+ T lymphocytes via major histocom-
patibility complex class II molecules.37 Moreover, it has been
demonstrated that immune complexes of oxLDL–β2GPI with IgG
antibody upregulate the expression of scavenger and FcγRI
receptors in macrophages and also contribute to the activation
of inflammasome resulting in maturation of IL-1 family cytokines,
namely IL-1β.36 It could be hypothesized that the effects of
oxLDL–β2GPI on macrophage activation observed in autoimmune
atherothrombotic diseases might be present also in metabolic
syndrome. In accordance, we have found a strong positive
correlation between oxLDL–β2GPI and FCGBP—Fc fragment of
IgG-binding protein—expression in visceral adipose tissue. Inter-
estingly, the significant correlation between oxLDL–β2GPI and the
mRNA expression of several other macrophage markers was
observed in visceral adipose tissue, but not (or only in tendency)
in SAT. Indeed, inflammation of visceral AT seems to have a crucial
role in insulin resistance development. It has been demonstrated
that macrophages preferentially accumulate and proliferate in VAT
of obese mice.38 In a human study, it was documented that the
presence of pro-inflammatory M1 macrophages is almost twice as
high in visceral and perivascular tissue than in SAT.39 Considering
our findings it might be suggested that the circulating levels of
oxLDL–β2GPI reflect the adipose tissue inflammation mainly in the
visceral area. In addition, oxLDL–β2GPI may further perpetuate the
inflammatory state through Fc fragment of IgG and TNFα, as
mentioned above.
The results from the intervention study demonstrate that

weight-reducing diet associated with improvement of dyslipide-
mia (decrease of triglycerides increase of HDL) and insulin
resistance (HOMA-IR) resulted in a significant decrease of plasma
oxLDL–β2GPI as well as mRNA expression of certain markers of

Table 3. Clinical characteristics of cohort II: 20 obese women before
the diet, and at the end of DI

Basal After DI

Age (years) 40± 2 —

Weight (kg) 93.7± 2.3 77.9±2.1***
BMI (kg m− 2) 33.5± 0.6 27.9±0.7***
Fat mass (kg) 38.5± 1.4 26.5±1.5***
Fat-free mass (kg) 55.2± 1.2 51.5±1.17***
Waist (cm) 101.4± 1.5 85.7±1.8***
WHR 0.86± 0.01 0.8± 0.01
BP syst (mm Hg) 114± 2.6 108± 2.4
BP diast (mm Hg) 73± 1.7 71± 1.8
Glucose (mmol l− 1) 5.19± 0.11 5.04± 0.11
Insulin (pmol l− 1) 60.3± 5.4 36.8±3.1***
Triacylglycerides (mmol l− 1) 1.16± 0.14 0.84±0.06*
HDL-cholesterol (mmol l− 1) 1.43± 0.06 1.49±0.06**
Total cholesterol (mmol l− 1) 5.19± 0.2 4.63±0.16***
HOMA-IR 2.02± 0.20 1.22±0.13***

Abbreviations: BMI, body mass index; BP, blood pressure; DI, dietary
intervention; diast, diastolic; HDL, high-density lipoprotein; HOMA-IR,
homeostasis model assessment of insulin resistance; syst, systolic; WHR,
waist-to-hip ratio. Data are presented as mean± s.e.m. *Po0.05; **Po0.01;
***Po0.001 when compared with baseline (pre-diet) values. The sig-
nificantly different values are marked in bold.

Figure 2. Serum levels of oxLDL–β2GPI and mRNA levels (fold
change) of inflammatory/macrophage markers in cohort II: TNFα;
MSR1; ACP5; FCGBP; PLA2G7; SPP1; and IRF5 in SAT before and after
DI (n= 17). Values are means± s.e.m. *Po0.05, **Po0.01,
***Po0.001 compared to baseline pre-diet values (2−dCT, T-test).
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macrophage activation in SAT. The decrease of macrophage
markers is in agreement with the previously published studies of
our and others, where the decrease in macrophage populations,40

or T lymphocytes41 in SAT after weight-reducing DIs was shown.
Interestingly, we did not observe any change in TNFα expression
during the diet, which suggests another mechanism in inflamma-
tory state lowering than via TNFα signaling.
It should be mentioned that the DI study evaluated only

changes in SAT but not in VAT. It was not possible to obtain
specimen of VAT due to major invasiveness of such procedure in
our volunteers who were not undergoing abdominal surgery. We
may however expect similar response in macrophage markers
after dietary weight-reducing intervention in VAT as well, since
similar pattern in macrophage markers/inflammatory state expres-
sion in SAT and VAT has already been described.42 This
assumption is also supported by the fact that the relative decrease
of VAT volume after weight loss induced by DI, exercise or bariatric
surgery is greater than the relative decrease of SAT,19 and thus it
might be hypothesized that the effects of reduction of AT volume
in visceral area on inflammatory markers could be even more
striking.
Although in the cross-sectional study we observed markedly

increased oxLDL–β2GPI levels only in subjects with MS, after
weight loss the slight but significant decrease of oxLDL–β2GPI
complex was achieved also in obese women. It should be noted
that oxLDL–β2GPI correlated in both cohorts mainly with lipid
parameters, which was also importantly improved after weight-
reducing DI (Table 3). In addition, there may be a direct impact of
both physical activity and dietary factors on oxidative stress and
inflammation.43,44

In conclusion, in this study we documented that circulating
oxLDL–β2GPI reflects inflammatory status of visceral adipose
tissue in obese subjects and correlates with metabolic syndrome
indices. The improvement of metabolic and inflammatory para-
meters during weight loss was reflected by decreased levels of
oxLDL–β2GPI in serum. Thus, oxLDL–β2GPI seems to be an
important marker of AT inflammatory state and possibly a factor
contributing to obesity-related comorbidities as metabolic syn-
drome or cardiovascular diseases.
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