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Abstract

Introduction: Circulating apoptotic endothelial cell-derived micro particles (EMPs) are a
marker of endothelial dysfunction and cardiovascular (CV) risk in type 2 diabetes mellitus
patients. There is evidence regarding association between apoptotic EMP number and
CV disease in obese individuals. The aim of the study to investigate whether increased
number of circulating apoptotic EMPs may predict transformation of Met-HO into Met-
UHO. Methods: The study was retrospectively evolved 89 patients with established
abdominal obesity (47 patients with Met-UHO determined as MetS and 42 subjects with
Met-HO) from the large cohort of abdominal obesity patients (n=268). Thirty five healthy
volunteers matched for age and sex were involved in the study as a control cohort.
Obesity-related biomarker (adiponectin, leptin, vistafin) and EMPs were measured at
baseline. Flow cytometry was used to determine EMPs with immune phenotype CD31+/
annexin V+ and CD7144+/annexin V+. Results: There was not found a significant
difference between numbers of EMPs labeled CD31*/ Annexin V* in Met-UHO and Met-
HO patients, while Met-UHO patients had a significantly increased level of circulating
CD144*/ Annexin V* compared with Met-HO individuals. Multivariate logistic regression
analysis has revealed the HOMA-IR, number of CV risk factors, serum leptin and hs-CRP
independently predicted numbers of circulating CD31*/ Annexin V* and CD144*/
Annexin V* EMPs in Met-UHO. In Met-HO patients HOMA-IR remained an independent
predictor of increased numbers of circulating CD31*/ Annexin V* and CD144*/ Annexin
V* EMPs. Conclusion: in the investigation we found that the increased number of
CD31*/Annexin V* and CD144*/ Annexin V* EMPs added to the based predictive model
(HOMA-IR) may predict transformation of Met-HO into Met-UHO.
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Introduction

The prevalence of abdominal obesity and (T2DM) has been raised worldwide
(Basterra-Gortari et al.,, 2017; Flegal et al.,, 2010). Obesity associates with
substantially increased all cause and cardiovascular (CV) morbidity and mortality,
as well as relates to highest risk of type 2 diabetes mellitus (T2DM) (Rey-Lopez
et al.,, 2014; Vanuzzo et al., 2008). Recent epidemiological investigations, clinical
studies and some registers have shown higher prevalence of CV risk factors in
obese individuals especially with morbid obesity (body mass index [BMI] more
than 40 kg/m?) (Antwi et al., 2012; Finucane et al., 2011; Sturm, 2007; Valdés et
al., 2014). Because progressive increases in yearly pre-diabetes / T2DM
prevalence has observed for all classes of BMI irrespective age and sex (Sterling
et al., 2016), there is reason to expect that abdominal obesity mediates CV risk
and risk of T2DM through underlying co-morbidities independently BMI (Grundy
et al., 2005; Grundy et al., 2004).

In this context, obese individuals with similar BMI may be protected or opposite
predisposed to obesity-related complications (i.e. T2DM, insulin resistance (IR),
dyslipidaemia, hypertension) and CV disease (Cuthbertson et al., 2017). The
heterogeneity of obesity leads to understanding of being of emerging metabolic
phenotypes e.g. metabolically unhealthy obesity (Met-UHO) and metabolically
healthy obesity (Met-HO) distinguished from each other for CV risk (Kim et al.,
2015). Moreover, it is suggesting that Met-HO is a transient state in the pathway
to cardiometabolic disease, i.e. Met-UHO and T2DM (Mongraw-Chaffin et al.,
2016).

Based on the Adult Treatment Panel-lll criteria subjects with established obesity
and co-existing other metabolic abnormalities including dyslipidemia, insulin
resistance (IR), increased fasting glucose and impaired glucose tolerance, are
referred Met-UHO, whereas obese individuals without these abnormalities might
be defined as Met-HO (Grundy et al., 2005; Ryden et al., 2013). The mechanisms
underlying the change in phenotype from metabolically healthy to metabolically
unhealthy obesity are still unclear (Ryden et al., 2013).

Micro particles (MPs) are defined a heterogeneous sub-population of
extracellular vesicles with diameter average from 100 to1000 nm originated from
plasma membranes of mother’ cells (Berezin et al., 2015a). As a derivate of
cellular membrane MPs are discussed powerful paracrine regulators of target cell
structure and functions. MP released by apoptotic endothelial cells posse a wide
spectrum of biological effects on intercellular communication by transferring

Biomed Res Ther 2017, 4(1): 1110-1128

1111


http://www.bmrat.org

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

different active molecules (proteins, peptides, hormones, growth factors,
microRNAs) exhibiting coagulation activity, mediating cell growth and tissue
differentiation (Alexandru et al., 2016). Additionally, apoptotic endothelial cell-
derived MPs (EMPs) may directly worse endothelial integrity and vascular
function playing a pivotal role in development of microvascular inflammation and
IR (Alexandru et al., 2016; Berezin et al., 2016b).

Recent clinical studies have shown that the circulating levels of apoptotic EMPs
were significantly increased in T2DM patients as compared with healthy
volunteers (Berezin et al., 2016a) and they mediated CV risk in patients with
established metabolic syndrome (MetS) and T2DM (Agouni et al., 2014; Berezin
et al., 2015b; Berezin et al., 2016c). Whether apoptotic EMPs are involved in the
transformation of Met-HO into Met-UHO determining the risk of T2DM and CV
disease is not fully clear. The aim of the study: to investigate whether increased
number of circulating apoptotic EMPs may predict transformation of Met-HO
into Met-UHO.

Materials-Methods

The study was retrospectively evolved 89 patients with established abdominal
obesity (47 patients with Met-UHO determined as MetS and 42 subjects with
Met-HO) from the large cohort of abdominal obesity patients (n=268) who were
examined between February 2012 and July 2016. We have enrolled obese
subjects (body mass index was more 30 kg/m?) without known CV disease
including angina pectoris, previous myocardial infarction / stroke, heart failure,
and asymptomatic atherosclerosis (defined by negative result of the contrast-
enhanced multi-spiral tomography angiography). Thirty five healthy volunteers
matched for age and sex were involved in the study as a control cohort. All
patients have given their informed written consent for a participation in the
study.

MetS was diagnosed based on the National Cholesterol Education Program
Adult Treatment Panel Il criteria (Williams, 2002). Patients were enrolled in the
MetS cohort when at least three of the following components were defined:
waist circumference 290 cm or =80 cm in men and women respectively; high
density lipoprotein (HDL) cholesterol <1.03 mmol/L or <1.3 mmol/L in men and
women respectively; triglycerides =1.7 mmol/L; blood pressure =130/85 mmHg
or current exposure of antihypertensive drugs; fasting plasma glucose =5.6
mmol/L. Participants who had less than 2 criteria of MetS were classified as Met-
HO patients. Those who had 2 or more criteria of MetS were classified as
metabolically abnormal (Williams, 2002) and were not considered candidates for
this study. Participants with abdominal obesity who had less than 3 criteria of
MetS were classified those who had Met-HO. Therefore, individuals with non-
alcoholic fatty liver disease, polycystic ovary syndrome, and those who had
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higher levels of HBV / HCV antibodies, were not enrolled in the study. The flow
chart with inclusion / exclusion criteria is reported in Fig. 1.

Patients at higher risk of diabetes

(n=268)
Exclusion criteria: Inclusion criteria:
* known CV disease; ¢ ERswRabdsHiRaEl
* established T2DM; obesity;
* asymptomatic + written informed
atherosclerosis; EOTSERE
* metabolicallyabnormal
individuals; Abdominal
* severe CKD, liver obesity patients
disease, PCOS; (n=89)
* unableto give informed
written consent ‘L l
MetS patients (n=47) Metabolically healthy Healthy
diagnosed based on the obesity patients (n=42) volunteers) as
NCEP Adult Treatment who exhibited less than 2 a control
Panel lll criteria criteria of MetS (n=35)

Target population of the study

Figure 1. The flow chart with inclusion / exclusion criteria. Abbreviations:
PCOS: polycystic ovary syndrome; Met-UHO: metabolically unhealthy obesity;
Met-HO: metabolically healthy obesity.

Smoking status

Current smoking was defined as consumption of one cigarette daily for three
months (Lindson-Hawley et al., 2013).

Anthropometric measurements

Anthropometric measurements (weight, height, body mass, body mass index,
waist circumference, and waist-to-hip ratio) were made using standard
procedures (Ashwell et al., 2012; Consultation, 2008). Height and weight were
measured by professional health staff with the participants standing without
shoes and heavy outer garments with a wall-mounted stadiometer (OMRON,
Japan). Body mass index (BMI) was calculated as weight (kg) divided by height
squared (m?). Waist circumference was measured at the level midway between
the lower rib margin and the iliac crest with participants in a standing position
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without heavy outer garments and with emptied pockets, breathing out gently.
Hip circumference was recorded as the maximum circumference over the
buttocks.

Calculation of glomerular filtration rate

Glomerular filtration rate (GFR) was calculated with CKD-EPI formula (Levey et
al., 2009).

Measurement of circulating biomarkers

To determine circulating biomarkers, blood samples were collected at baseline
in the morning (at 7-8 a.m.) after at least 10 h fasting into cooled silicone test
tubes wherein 2 mL of 5% Trilon B solution were added. Then they were
centrifuged upon permanent cooling at 6,000 rpm for 3 minutes. Plasma was
collected and refrigerated immediately to be stored at a temperature -70°C.The
levels of high-sensitive C-reactive protein (hs-CRP), adiponectin, leptin, vistafin
were measured by commercially available standard kit (R&D Systems GmbH,
Wiesbaden-Nordenstadt, Germany). The intra-assay and inter-assay coefficients
of variation were <5% for all cases.

Fasting insulin level was measured by a double-antibody sandwich immunoassay
(Elecsys 1010 analyzer, F. Hoffmann-La Roche Diagnostics, Mannheim, Germany).
The intra-assay and inter-assay coefficients of variation were <5%. The lower
detection limit of insulin level was 1.39 pmol/L. Insulin resistance was assessed
by the homeostasis model assessment for insulin resistance (HOMA-IR)
(Matthews et al., 1985) using the following formula:

HOMA-IR (mmol/L x pU/mL) = fasting glucose (mmol/L) x fasting insulin (uU/mL)
/225

IR was arbitrarily defined as a homeostasis model assessment-IR index (HOMA-
IR) value above the 75th percentile of normal glucose tolerance equal 2.45
mmol/L x yU/mL.

Hemoglobin Alc (HbA1c) were determined by high-pressure liquid
chromatography method. Concentrations of total cholesterol (TC), cholesterol of
high-density lipoproteins (HDL-C), triglycerides (TG), and low-density
lipoproteins (LDL-C) were measured by direct enzymatic method (Roche P800
analyzer, Basel, Switzerland).

Quality control was assessed daily for all determinations.
Assay of circulating endothelial-derived microparticles

Circulating MPs were isolated from 5 ml of venous citrated blood drawn from the
fistula-free arm. No hemolysis in the samples was found. All samples were not
frozen before analysis. To prevent contamination of samples platelet-free plasma
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(PFP) was separated from whole blood. PFP was centrifugated at 70,476 x g for
70 min. MP pellets were washed with DMEM (supplemented with 10 pg/mL
polymyxin B, 100 Ul of streptomycin, and 100 U/ml penicillin) and centrifuged
again (70,476 x g for 90 min) (Cvjetkovic et al., 2014). The obtained supernatant
was extracted, and MP pellets were re-suspended into the remaining 200 pL of
supernatant. PFP, MPs, and supernatant were diluted five-, 10-, and five-fold in
PBS, respectively. Only 100 pL of supernatant was prepared for further analysis
through incubation with different fluorochrome-labeled antibodies or their
respective isotypic immunoglobulins (Beckman Coulter).

MPs were labeled and characterized by flow cytometry by phycoerythrin (PE)-
conjugated monoclonal antibody against CD31 (platelet endothelial cell
adhesion molecule [PECAMI-1), CD144 (vascular endothelial (VE)-cadherin),
CD62E (E-selectin), and Annexin V (BD Biosciences, USA) followed by incubation
with fluorescein isothiocyanate (FITC)-conjugated Annexin V (BD Biosciences,
USA) per HD-FACS (High-Definition Fluorescence Activated Cell Sorter)
methodology independently after supernatant diluted without freeze (Orozco
and Lewis, 2010).

The samples were incubated in the dark for 15 min at room temperature
according to the manufacturer’s instructions. It was performed the analysis of
area, height, and width forward scatter (FSC) and side scatter (SSC) parameters
as well as side scatter width (SSC-W). Particle sizing by dynamic light scattering
revealed a characteristic size of the MPs (Sigma, St Louis, MO, USA). A MPs'
gate was established on the FACS Aria instrument by preliminary standardization
experiments using a blend of size-calibrated fluorescent beads, with sizes
ranging from 0.1 to 1.0 um. Two size gates were defined based on forward angle
light scattering from polystyrene microsphere (0.5-0.9 pm) accordingly standard
protocol. The upper and the outer limit of the MP gate was established just
above the size distribution of the 0.9-pm beads in a FSC-A and SSC-A setting
(log scale) using the “auto-gate” function. Accordingly, MPs’ gate was defined
less than a 0.4 pm polystyrene microsphere extending down to the noise
threshold level that is equivalent to cell-derived MPs < 1 um diameter. The lower
limit was the noise threshold of the instrument, and an absolute minimum
threshold of 200 was set at the SSC-A parameter (instead of FSC-A) to avoid
exclusion of the smallest events. In order to separate true events from
background noise, we defined MPs as particles that were less than 1.0 ym in
diameter, and expressed cell specific markers.

For each sample, 500 thousand events have been analyzed. Compensation
tubes were used with similar reagents as were used in the sample tubes.
Calculation of the number of MPs per liter plasma was based upon the particle
count per unit time, the flow rate of the flow cytometer, and the net dilution
during sample preparation of the analyzed MP suspension. MP-exposed antigen
concentrations were calculated in each sample by multiplying the total
concentration of positive MPs by the mean fluorescence intensity of the antigen
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exposure of the total positive MP population. The reproducibility of EPCs using
standard protocol was 4.5%.

Determination of endothelial cell-derived MP populations

CD31 antigen was determined as common marker for endothelial cells,
mononuclears and platelets. CD144+ antigen is essential for endothelial cells
and used to identify a pure population of endothelial cells. To characterize entire
population of MPs originated from endothelial cells we used both antigens’
determination. CD31+/annexin V+ and CD144+/annexin V+ MPs were defined
as apoptotic endothelial cell-derived MPs (Lacroix et al., 2013).

Statistical Analysis

Statistical analysis of the results obtained was performed in SPSS system for
Windows, Version 22 (SPSS Inc, Chicago, IL, USA). The data were presented as
mean (M) and standard deviation (xSD) or 95% confidence interval (Cl); as well
as median (Me) and 25%-75% interquartile range (IQR). To compare the main
parameters of patient cohorts, two-tailed Student t-test or Shapiro-Wilk U-test
were used. To compare categorical variables between groups, Chi2 test (x2) and
Fisher F exact test were used. Univariant and multivariant linear regression
models were used to determine a relation between circulating number of
microprticles and other biomarkers. C-statistics, integrated discrimination indices
(IDl) and net-reclassification improvement (NRI) were utilized for prediction
performance analyses. A two-tailed probability value of <0.05 was considered as
significant.

Results

The demographic and anthropometric characteristics, the prevalence of CV risk
factors are reported in Table 1. There was not a significant difference between
healthy volunteers and entire cohort, as well as between subjects with
metabolically unhealthy obesity (Met-UHO) and metabolically healthy obesity
(Met-HO) in age, sex, adherence to smoke and haemodynamic performances.
Abdominal obesity subjects exhibited higher BMI, WHR, HOMA-IR, as well as
they had increased frequency of LVH, hypertension and IR presentation. Met-
UHO patients had higher HOMA-IR, than those with Met-HO, while BMI, systolic
and diastolic blood pressure, heart rate were similar in both cohorts.
Additionally, hypertension, IR and dyslipidemia presentation were found
frequently in Met-UHO patients compared to Met-HO individuals.
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Age, years

Male, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)
IR, n (%)

HOMA-IR, mmol/L x
pU/mL

Adherence to
smoke, n (%)

BMI, kg/m2
WHR, units

Systolic BP, mm Hg
Diastolic BP, mm Hg

Heart rate, beat per
min.
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Table 1. The characteristics of participants in the study

Healthy Entire
volunteers patient
(n=35) cohort
(n=89)

54.85+5.20  55.40+6.60

18 (51.4%) 47 (52.8%)
- 54 (60.7%)
- 59 (66.3%)

- 55 (61.8%)

1.13 2.91
(0.98-1.24) (1.20-3.80)
9 19
(25.7%) (21.3%)
22.3 27.9
(20.1-23.5) (26.1-33.5)
0.85 1.02
(0.82-0.87) (0.96-1.10)
121+4 132+7
68+4 75+6
64.25x4.12  70.15x5.20

P value
between
healthy
volunteers
and entire

patient
cohort

0.82
0.96
0.001
0.001
0.001

0.012

0.76

0.001

0.001

0.054
0.052
0.062

Subjects Subjects P value
metabolicall metabolicall between
y unhealthy  y healthy subgroups

obesity obesity with
(n=47) (n=42) obesity
56.13+6.40  55.14+5.12 0.84
25 (53.2%) 22 (52.4%) 0.94
44 (93.6%) 10 (23.8%) 0.01
47 (100.0%) 18 (42.9%) 0.046
41 (87.2%) 14 (33.3%) 0.04
3.45 1.22 0.001
(3.22-3.78)  (1.02 -1.65)
12 3 0.82
(25.5%) (7.1%)
27.5 27.2 0.89
(25.2-32.9) (25.6-32.3)
1.02 1.01 0.96
(0.97 -1.11) (0.96 - 1.10)
136+6 130=+7 0.84
78+5 76%5 0.86
72.35£6.95  66.42+5.44 0.054

Notes: Data are expressed as mean (M) and standard deviation (=SD), median (Me) and interquartile range
(IQR), numerous (n) and frequencies (%). Abbreviations: T2DM: Type two diabetes mellitus, LVEF: left ventricular
ejection fraction; LVH: LV hypertrophy; HOMA-IR: homeostatic model assessment of insulin resistance index; IR:

insulin resistance; WHR: weight to hip ratio.

Healthy volunteers and abdominal obesity individuals from entire cohort had
similar level of GFR, hemoglobin, and creatinine. Consequently, abdominal
obesity individuals had higher level of fasting glucose, HbA1c, total cholesterol,
LDL cholesterol, triglycerides, hs-CRP, vistafin, leptin and lower adiponectin
(Table 2). No difference was seen in GFR, hemoglobin, fasting glucose,
creatinine, and lipids’ level between Met-UHO and Met-HO patients. However,
Met-UHO patients had higher HbA'c, vistafin, leptin and lower hs-CRP than

those with Met-HO.
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Healthy volunteers had significantly decreased level of EMPs labeled CD31%*/
Annexin V* and CD144*/ Annexin V* than those with abdominal obesity (Fig. 2).
However, there was not found a significant difference between numbers of EMPs
labeled CD31*/ Annexin V* in Met-UHO and Met-HO patients. In contrast, Met-
UHO patients had a significantly increased level of circulating CD144*/ Annexin
V* compared with Met-HO individuals.

P<0.001 NS P<0.001 P<0.001
— | — ' { I {
i -
2 05, 2 44
c [ ot
Q@ 041 - I & [
s =
5 +
3 03 I_-_I-_I > T
a——
£ I = e % 2 [
3 024 = ®
2 £ [ Al
c &
T 041 T Y X
™ N § po= -+
S o0 : T T T g o0 T r T T
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& & & & Yl A S
o & S 8 o & pr O
& xS N I G X N &
& & x 3 & ¢ ¢
o> * & > x ¥ N
46‘ ,;bo(‘ 4& .50(\
& ¢ & T
Y
e & & &
> Q,(‘ & Q}\
Figure 2a Figure 2b

Figure 2. The number of circulating apoptotic endothelial cell-derived micro
particles in abdominal obesity patients and healthy volunteers.
Abbreviations: Met-UHO, metabolically unhealthy obesity; Met-HO,
metabolically healthy obesity.

The univariate linear regression analysis between numerous of EPMs with
immune phenotypes determined CD31*/ Annexin V* and CD144*/ Annexin V¥,
CV risk factors, hemodynamic performances, and other biomarkers was
performed. In Met-UHO patients the number of CD31*/ Annexin V* EMPs
received from peripheral blood positively related to HOMA-IR (r =0.35, P =
0.003), hs-CRP (r = 0.33, P = 0.001), number of CV risk factors (r = 0.32, P =
0.001), BMI (r = 0.31, P = 0.001), serum leptin (r = 0.31, P < 0.001), fasting
glucose (r = 0.30, P < 0.001), serum vistafin (r = 0.29, P < 0.001), LDL cholesterol
(r=0.27, P = 0.003), but inversely associated with serum adiponectin (r = -0.31,
P < 0.001). In contrast, in Met-HO individuals HOMA-IR (r =0.32, P = 0.001) and
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number of CV risk factors (r =0.31, P = 0.001) significantly related to number of
CD31*/ Annexin V* EMPs. There were not sufficient relations between number of
CD31*/ Annexin V* EMPs and biomarkers of obesity, i.e. leptin and vistafin,
whereas between adiponectin and number of CD31*/ Annexin V* EMPs an
inversely weak association was found (r = -0.25, P = 0.01).

Table 2. The biomarkers of the patients enrolled in the study

Healthy

Variabl lunt Entire cohort P1 Met-UHO Met-HO P2
ariables vo(rt\J:Bes?rs (n=89) value (n=47) (n=42) value
GFR, mL/ min/1.73 112.4 109.5 011 107.3 112.2 012
M2 (102.2-123.4) (101.2-117.5) 911 (987-114.1) (0011183 &
. 136.3 134.9 135.4 134.8
Hemoglobin, /L (1208 _147.2) (126.7-143.9) 986 (1285_-142.1) (127.3-144.8) 08
Fasting glucose, 4.24 5.18 0012 5.47 4.92 0.18
mmol/L (3.60-4.91) (451592 O (4.43-5.92) (4.1-5.80) ‘
. 4.78 5.47 5.78 4.93
HbAle, % 4.215.15)  (4.82590) 9942 (5426160 (454548 0022
. 65.4 70.3 70.5 70.1
Creatinine, ymol/L (5557817  (40.7-8356) 074  (58.7-857)  (60.2-84.5 @ 066
Total cholesterol, 456 5.45 0.044 5.60 5.33 012
mmol/L (3.25-4.88)  (4.46:6.15) O (4.71-6.52)  (4.32-6.17) :
HDL Cholesterol, 1.03 0.93 0.046 0.92 0.95 0.22
mmol/L (0.98-1.08)  (0.90-1.12) (0.88-1.13)  (0.9-1.15) ’
LDL Cholesterol, 2.77 3.54 0.012 3.63 3.41 0.46
mmol/L (2.33-3.10)  (3.34-3.66) O (3.21-3.70)  (3.30-3.65) :
1.67 2.27 2.31 2.24
TG, mmol/L (131-194) (214-255 OO (213_259) (208-243 02
3.27 5.15 7.10 3.04
hs-CRP. mg/L (0-5.33) (2.09-8.03) 000V (4258200 (112547 0044
. . 13.65 10.12 8.36 11.25
Adiponectin, mg /L1 16 1294.93) | (6.88-14.95 | 999 | 5111167 | @41-16a7 | 0026
. 9.53 24.19 31.25 15.31
Leptin, ng/ml (5.12-14.22)  (155533.17) 9001 (196743220 (11.3221.67) 0002
. 3.67 4.91 5.65 3.71
Vi, ng/lul (1.85-4.50)  (255-7.13) 9001 (3200 _8es) (1.92-503 0014

Note: The values correspond to medians and IQR of 25%-75%. Abbreviations: GFR: glomerular filtration rate;
HbA1c: glycated hemoglobin, HDL: high-density lipoprotein; LDL: Low-density lipoprotein; P! : value of P
between healthy volunteers and entire cohort patients with prediabetes; P? : value of P between Met-UHO and
Met-HO patients; Met-UHO: metabolically unhealthy obesity; Met-HO: metabolically healthy obesity.
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Therefore, the number of CD144*/ Annexin V* EMPs inversely related to a level
of serum adiponectin (r = -0.28, P = 0.001) and positively associated with
HOMA-IR (r =0.36, P = 0.001), hs-CRP (r = 0.31, P = 0.001), serum vistafin (r =
0.33, P = 0.001), number of CV risk factors (r = 0.32, P = 0.001), serum leptin (r =
0.32, P = 0.001), fasting glucose (r = 0.29, P = 0.012) in Met-UHO patients. In
contrast, there was not a significant association between number of CD144*/
Annexin V* EMPs and metabolic biomarkers of obesity, such as adiponectin,
leptin and vistafin in Met-HO individuals, whereas they were related to HOMA-IR
(r=0.36, P =0.001), BMI (r = 0.32, P = 0.001) and hs-CRP (r = 0.30, P = 0.001).

Multivariate unadjusted linear regression analysis has shown that in Met-UHO
patients the numbers of CD31*/ Annexin V* and CD144*/ Annexin V* EMPs
related to HOMA-IR (r = 0.32, P = 0.001 and r =0.33, P = 0.001), hs-CRP (r =
0.30, P = 0.001 and r =0.31, P = 0.001), number of CV risk factors (r =0.29, P =
0.001 and r =0.30, P = 0.001), serum leptin (r = 0.30, P = 0.001 and r = 0.31, P =
0.001), serum vistafin (r = 0.28, P = 0.001 and r = 0.30, P = 0.001), serum
adiponectin (r = -0.26, P = 0.001 and r = -0.29, P = 0.001) and LDL cholesterol (r
=0.27, P =0.001 and r =0.28, P = 0.003) respectively. In Met-HO individuals the
numbers of CD31/ Annexin V* and CD144%/ Annexin V' EMPs related
significantly to HOMA-IR (r =0.32, P = 0.001 and r =0.36; P<0.001), BMI (r =
0.27, P = 0.001 and r =0.31; P<0.001) and hs-CRP (r = 0.26, P = 0.001 and r =
0.30, P = 0.001) respectively.

After adjustment for BMI HOMA-IR remained the most profound factor related
to numbers of CD31*/ Annexin V¥ and CD144*/ Annexin V¥ EMPs (r = 0.33, P =
0.001 and r =0.36, P = 0.001) in Met-UHO. We also determined a relation
between numbers of CD31%/ Annexin V* and CD144*%/ Annexin V* EMPs and
number of CV risk factors (r =0.27, P = 0.001 and r =0.30, P = 0.001), serum
leptin (r = 0.27, P = 0.001 and r = 0.29, P = 0.001), serum vistafin (r = 0.28, P =
0.001 and r = 0.30, P = 0.001). Therefore, mild association of CD31*/ Annexin V*
and CD144*/ Annexin V* EMPs with HOMA-IR (r = 0.34, P = 0.001 and r =0.36,
P = 0.001) was found in Met-HO patients. However, the multivariate adjusted for
BMI linear regression analysis has shown that in Met-UHO numbers of CD31%/
Annexin V* and CD144%/ Annexin V¥ EMPs associated with serum hs-CRP (r =
0.27, P = 0.001 and r = 0.31, P = 0.001) respectively. In multivariate logistic
regression analysis we found that HOMA-IR, number of CV risk factors, serum
leptin and hs-CRP were independent predictors for increased numbers of
circulating CD31*/ Annexin V* and CD144*/ Annexin V* EMPs in Met-UHO
(Table 3). In Met-HO patients HOMA-IR remained an independent predictor of
increased numbers of circulating CD31*/ Annexin V* and CD144*/ Annexin V*
EMPs.

Statistics for model fit for the prediction of Met-UHO development is reported in
Table 4. One can see increased number of CD31*/ Annexin V* and CD144%/
Annexin V* EMPs added to the based predictive model (Met-HO + HOMA-IR)
may sufficiently improve prognostication of based model regarding
development of Met-UHO.
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Table 3. The factors contributed in increased number of circulating apoptotic
EMPs in abdominal obesity: The multivariate logistic BMI-adjusted regression

CD31*/ Annexin V* CD144*/ Annexin V*
Factors EMPs - EMPs .

OR (95% CI) Value OR (95% CI) Value
Met-UHO
HOMA-IR, per 0.65 mmol/L x pU/mL 1.06 (1.03-1.11) 0.001 1.10(1.05-1.17) 0.001
Number of CV risk factors, per 1 factor 1.02 (1.00-1.05) <0.05 1.05(1.01-1.10) 0.042
Serum leptin, per 5.5 ng/ml 1.02 (1.00-1.04) <0.05 1.04(1.01-1.09) 0.048
Serum vistafin, per 2.5 ng/mL 1.01 (0.97-1.06) 0.48 @ 1.03(1.00-1.07) 0.18
hs-CRP, per 4.50 mg/L 1.02 (1.00-1.05) <0.05 1.03(1.01-1.07) <0.05
HOMA-IR, per 0.65 mmol/L x pU/mL 1.06 (1.03-1.11) 0.001 1.10(1.05-1.17) 0.001
Number of CV risk factors, per 1 factor 1.02 (1.00-1.05) <0.05 1.05(1.01-1.10) 0.042
Met-HO
HOMA-IR, per 0.65 mmol/L x yU/mL 1.05(1.01-1.10) 0.001 1.09 (1.04-1.15) 0.001
Number of CV risk factors, per 1 factor 1.01 (0.97-1.04) 0.54  1.01(1.00-1.03) 0.056
hs-CRP, per 4.50 mg/L 1.02 (0.98-1.06) 0.24 1.02(1.00-1.05) 0.060

Abbreviations: Cl: confidence interval; IQR: inter quartile range; BMI: Body mass index; hs-
CRP: high sensitive C reactive protein; OR: odds ratio; HOMA-IR: homeostatic model
assessment of insulin resistance index; IR: insulin resistance; Met-UHO: metabolically unhealthy
obesity; Met-HO: metabolically healthy obesity.

Discussion

In this study we reported that increased number of CD31*/ Annexin V* and
CD144*/ Annexin V¥ EMPs much more pretty accurate predict Met-UHO than
based model (Met-HO). Taking into consideration that Met-UHO is considered a
powerful risk factor of type 2 diabetes mellitus, we suggest that increased
number of CD31*/ Annexin V* and CD144*/ Annexin V* EMPs related to HOMA-
IR in both Met-UHO and Met-HO may predict probably obesity-related
complications including higher risk of t2dm. Thus, early detection of abnormality
in circulating levels of apoptotic EPCs may be a biomarker of IR and predictor of
Met-UHO in patients with abdominal obesity when other metabolic disturbances
are absent or evidence regarding them is fare limited.
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Recently it has been suggested that Met-HO is a stage of development of Met-
UHO and T2DM (Mongraw-Chaffin et al., 2016). However, our results revealed
that the most important factor that affects metabolic dysregulation in obesity is
IR, which probably appears to be predominantly early stage of the Met-HO.
There is evidence that an accumulation of visceral adiposity tissue (VAT) might
associate with over-production of pro-inflammatory cytokines including hs-CRP,
leptin and vistafin and induce IR (Brede et al., 2016). Therefore, infiltration of the
sub-intima by LDL cholesterol may induce production of free radicals, oxidation
of cytoskeleton and membrane vesiculation of endothelial cells. Finally,
membrane vesiculation of endothelial cells is enhanced by inflammatory
cytokines in conveying of VAT accumulation (Mause and Weber, 2070).
Interestingly, the circulating number of apoptotic EMPs has well associated with
conventionally obesity biomarkers (adiponectin, leptin, vistafin) in MetOUHO
patients, but did not in Met-HO individuals. Indeed, in Met-HO patients we did
not find severe metabolic abnormalities apart from leptin elevation compared
with Met-UHO, however, IR was determined as common finding for both Met-
UHO and Met-HO individuals without a difference in BMI.

Table 4. Statistics for model fit for the prediction of transformation of Met-HO to Met-UHO

Depended variable: Met-UHO

Predictive Models AUC NRI IDI

Based Model + hs-CRP

M (95% CI) Pvalue M (95% Cl) Pvalue M (95% CI) P value

Based Model + number of CV risk

factors

Based Model + HOMA-IR +
number of CD31+/ Annexin

Based Model: Met-HO+ HOMA-IR 0.58 (0.52 - 0.63) = Reference = Reference
0.59 (0.56 -0.61) 0.66 0.21 0.42 0.015 0.80
0.64 (0.57 -0.72) 0.14 0.26 0.12 0.022 0.12
increased
V+ and 0.76 (0.66 -0.87) 0.001 0.53 0.001 0.12 0.012

CD144+/ Annexin V+ EMPs

Abbreviations: AUC, area under the curve; 95% Cl, 95% confidence interval; NRI, net reclassification index; IDI,
integrated discrimination index; HOMA-IR, homeostatic model assessment of insulin resistance index; EMPs,

endothelial micro particles.

The increased amount of VAT together with a chronic inflammation and IR
predisposes to the development of endothelial dysfunction through attenuation
synthesis and secretion of apoptotic EMPs. Indeed, pro-inflammatory cytokines,
i.e. interleukin-6, tumor factor necrosis-alpha, leptin, and vistafin, may directly
influence structure of endothelial cells and trigger a secretion of apoptotic EMPs
(Berezin, 2016b; Rautou et al.,, 2011). The main biological function of this
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process is attenuation of endothelial cell repair and recovery of vascular function
(Jansen et al., 2015). Unfortunately, co-existing IR affects endothelial progenitor
cells and they are not able to differentiate into functionally mature endothelial
cells even after stimulation by apoptotic EMPs (Martinez and Andriantsitohaina,
2011; Tetta et al, 2011). As a result, apoptotic EMP-induced endothelial
dysfunction and IR may become an early predictor of shaping Met-UHO.

Recently we have reported that apoptotic EMPs may independent predict
asymptomatic atherosclerosis and CV disease in T2DM patients (Berezin, 2016a;
Berezin et al., 2016a), while their role in individuals with different phenotypes of
obesity has remained controversial (Montoro-Garcia et al., 2011). First, it is not
clear whether increased number of apoptotic EMPs is adaptive mechanism of
vascular repair or factor of endothelial injury. Indeed, circulating EPMs, which are
enhanced in a large number of metabolic disorders including abdominal obesity,
associated with IR and this has been linked to deleterious effects on endothelial
cells (Martinez and Andriantsitohaina, 2011). At the same time, apoptotic EPMs
are powerful factor contributing in endothelial progenitor cell mobbing and
differentiation (Montoro-Garcia et al., 2011). Secondary, it is not fully understand
the innate molecular mechanisms, which correspond to triggers of secretion of
these apoptotic MPs. Apoptotic MPs as cargo microvesicles consist of a variety
of biomolecules including regulated proteins, DNA, mRNA, and non-coding
RNA. The proportion of these components as well as an entire secretome is
under a tight control of autocrine / paracrine mechanisms and inflammatory
factors (i.e. tumor necrosis factor-alpha, interleukin-2, -6), which induces EMP
formation in a time-dependent manner (Lee et al., 2014). Consequently, the final
reply of the recipient cells, such as endothelial progenitor cells, is depends on
epigenetic regulation of secretome secretion and primary trigger, which affects
vesiculation (Berezin, 2016b; Berezin et al., 2015c). Obviously, an ability of
apoptotic EMPs to modulate immune and inflammatory processes, coagulation
and vascular function, angiogenesis and vascular injury may interact with other
regulatory mechanisms the role of witch in the pathogenesis of abdominal
obesity requires still being determined. It is no excluded that release of
apoptotic EMPs might act as a direct endogenous survival signal for target cells
(Lichtenauer et al., 2015).

The present results exhibited first the interrelationship between increased
number of circulating apoptotic EMPs and IR in patient with Met-HO.
Extrapolating these findings on entire obese population, we can suggest that a
clinical diagnosis of abdominal obesity irrespective to its phenotypes (Met-UHO
or Met-HO) is probably not sufficient to assess a risk of T2DM and CV disease
(Berezin et al., 2015¢). In this context, measurement of circulating apoptotic EMP
number would be useful tool for stratification amongst obesity individuals at
higher risk of T2DM and CV (Berezin, 2016a, b; Montoro-Garcia et al., 2011),
especially when conventional biomarkers of obesity are not detected in
appropriate diagnostic level. Large investigations are required to understand the
role of apoptotic EMPs in pathogenesis of different phenotypes of abdominal
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obesity, because they may be a target of the therapy as well as predictive
biomarkers.

Study limitations

This study has some limitations. The first limitation is low number of the patient
involved in the investigation. Another limitation is lack of standardization of MP
measurements, while commercial flow cytometers are existed. It is necessary to
note that a large pool of MPs might be produced after blood sampling due to
destruction of platelets and blood cells. In this study we used platelet free
plasma to prevent of contamination of samples with MPs originated from
platelets. Therefore, preparation of MP isolates from samples is the most
sophisticated step for further examination. The next limitation might relate to
complicated assay and suffers from resolution of MP detection technique that is
worth considering. Indeed, there were several technical-related difficulties in the
measurement of MPs affected centrifugation of samples, labeling of MPs, using
HD-FACS methodology and final assay of results obtained. Although HD-FACS
methodology is widely used, theoretically overlap between two or more
fluorochromes might reflect some obstacles for further interpretation of obtained
results, especially including size gating in MP determination. Therefore, rotor
type and centrifugation time theoretically may influence on purity of MPs.
However, flow cytometery and HD-FACS methodology are commonly used
procedure to determine and measure MPs.

Another limitation of the present study is that a specific role of MPs is also
possible and has not been characterized. However, the authors suppose that
these optionally technically restrictions might have no significant impact on the
study data interpretation. Additionally, retrospective, relative small sample size
may limit the significance of the present study.

Conclusion

In this investigation we first determined the increased apoptotic EMP number
may predict transformation of Met-HO into Met-UHO. The evidence allow
suggesting the apoptotic EMPs might serve as a biomarker higher risk of T2DM
and CV disease. Future investigations are needed to confirm these suggestions
and clear situation around discriminative value of apoptotic EMP number in
abdominal obesity individuals.
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reactive protein; IDI: integrated discrimination index; LDL-C: low-density lipoprotein
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