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Abstract

Introduction and Objective

Diabetes is characterized by chronic inflammation, endothelial dysfunction, increased risk
of infections and early cardiovascular disease. By releasing neutrophil extracellular traps
(NETS), neutrophils kill bacteria and exert pro-inflammatory and pro-thrombotic activities.
Increased NETosis has been found in cross-sectional studies including treated type 2 diabe-
tes mellitus (T2DM) patients. In this study, we determined whether the ability of neutrophils
to form NETSs differs in diabetic patients pre- and post-hyperglycemic control versus healthy
donors (HD), and the relationship between NETosis with pro-thrombotic, pro-inflammatory
biomarkers and thrombotic clinical events.

Methods

Diabetic patients recently diagnosed and after 6 and 12 months of treatment (N = 25) and
HD (N = 25) were included. NET formation was studied by microscopy and fluorometry.
Nucleosomes, HNE-DNA complexes, von Willebrand factor (vWF), IL6 and TNFa plasma
levels were measured by ELISA and P-selectin on the platelet surface was assessed by
cytometry.

Results

Basal levels of NETs in recently diagnosed T2DM patients were higher compared to HD.
While TNFa stimulation of control neutrophils resulted in DNA release, patient neutrophils
were not responsive. Although glycemia decreased after 6 months of metformin treatment,
basal and TNFa and PMA-stimulated NETs reached normal values after 12 months. Com-
pared to controls, nucleosomes, HNE-DNA complexes, IL-6 and TNFa levels were increased
in recently diagnosed patients and decreased after 12 months of treatment. P-selectin and
VWEF levels were similar in both populations.
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Conclusion

Our data suggest that NETs could represent a biomarker for T2DM. Increased NETosis in
T2DM patients does not appear to be the consequence of impaired glycemic control but
rather due to pro-inflammatory cytokines and is not related to thrombotic events.

Introduction

Neutrophils are highly specialized effector cells involved in host inflammatory responses and
immune surveillance. They play an important role during the early host response to infection
by a coordinated series of effector functions that include chemotaxis, phagocytosis and the
generation of reactive oxygen species (respiratory burst) [1]. Moreover, it was recently discov-
ered that, after activation, neutrophils release their DNA content together with granular pro-
teins to form neutrophil extracellular traps (NETs) [2]. This process is a novel antimicrobial
activity through which neutrophils can trap and kill microbes in the blood and tissue during
infection.

Although NET formation was initially considered to be a host response against pathogen
invasion, it has been observed that, if uncontrolled, NET formation switches from a beneficial
host response into a major cause of tissue damage and organ failure [3-5]. Besides pathogens,
NETSs might also be triggered by cytokines or danger signals such as cholesterol crystals and,
therefore, NET's are considered to be new mediators of sterile inflammation [6-9]. In fact,
increasing evidence suggests that NET formation might be involved not only in sepsis but also
in the pathogenesis of acute and chronic non-infectious inflammatory diseases including myo-
cardial infarction, deep vein thrombosis and atherosclerosis [7, 9-11]. Type 2 Diabetes Melli-
tus (T2DM) is a chronic metabolic and inflammatory disorder that leads to the development
of a number of complications, including early cardiovascular disease and an increased inci-
dence of infections [12, 13]. The role of NETs in T2DM patients is far from being completely
understood. It has recently been described that high glucose in vitro and hyperglycemia in vivo
increase the release of NET's and circulating markers of NETosis, respectively [14, 15]. More-
over, the expression of peptidyl-arginine-deiminase, an enzyme important in chromatin
decondensation and DNA release, is elevated in neutrophils from individuals with diabetes
[16]. However, these studies were not only cross sectional but also included patients already
under pharmacological treatment. Therefore, our principal aim was to evaluate the presence of
NETs and the ability of neutrophils to form NETs in an inception cohort of T2DM patients
with hyperglycemia at diagnosis and later when the normoglycemia was achieved after 6 and
12 months of treatment with metformin. In addition, we aimed to determine the relationship
between NETosis with pro-thrombotic and pro-inflammatory biomarkers, and whether the
presence of NETs is associated with thrombotic clinical events in these patients.

Materials and Methods
Subjects

This study was conducted according to the principles expressed in the Declaration of Helsinki
and was approved by the Ethical Committee of the National Academy of Medicine, Buenos
Aires, NORMED/UOM and Clinical Hospital.

The study was designed as an inception cohort. Inclusion criteria: adult patients were
included at the time of T2DM diagnosis (T2DM was diagnosed according to the American
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Diabetes Association criteria [17]) and followed-up for 12 months. Patients with active sys-
temic disorders, infections or under chronic treatment with acetyl salicylic acid were excluded.
Treatment was initiated at diagnosis and, since this was not an interventional trial, patients
received the standard care by their treating physicians. In this regard, they were treated with
metformin at different doses. Results of routine physical examination (including body mass
index; BMI), medications, and lab tests were recorded at baseline and after 6 and 12 months of
follow-up. Thrombotic events such as myocardial infarction, angina, stroke and venous
thromboembolism were documented.

Blood was drawn at diagnosis (before starting therapy) and after 6 and 12 months of diagno-
sis. Anthropometric measurements (height, weight, BMI and waist circumference), and systolic
and diastolic blood pressure (SBP and DBP, respectively) were determined by a standardized
protocol.Venous blood samples (20 mL) were obtained after a 12 h overnight fast.Fasting plasma
glucose (FPG) was determined by the glucose-oxidase method (GLU Glucose GOD-PAP, Roche
Diagnostics, Mannheim, Germany) in a Hitachi 727 auto-analyzer.

Total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol
(HDL-C) were determined in serum by standard enzymatic methods using commercial kits
(TG Triglycerides GPO-PAP, CHOL Cholesterol CHOD-PAP and Phosphotungstate Precipi-
tant, Roche Diagnostics, Mannheim, Germany) with a Hitachi 727 auto-analyzer. Intra-CV
(coefficient of variation) for TG and TC were 1.3% and 1.1%, respectively. Inter-CVs were
2.4% and 1.5%, respectively. HbAlc was measured by HPLC with a commercial kit (Roche
Diagnostics, Mannheim, Germany).

Control group: in order to determine NET formation, platelet and inflammation markers
in the general non-diabetic population, a group of 25 healthy individuals were evaluated.

All subjects provided informed written consent for the collection of samples and subse-
quent analysis.

Reagents

Thymus DNA and poly-L-Lysine were purchased from Sigma Aldrich (St. Louis, MO, USA).
TO-PRO 3, SYBR Gold, anti-rabbit Alexa 546 antibody (Ab) were obtained from Invitrogen
(Carlsbad, CA, USA). Rabbit anti-human neutrophil elastase (HNE) Ab was obtained from
Calbiochem-Merck Millipore (Darmstad, Germany). The Ab against MPO-FITC was from
Biolegend (San Diego, CA, USA). FITC-conjugated anti-human CD62P and FITC-irrelevant
IgG1 were obtained from BD Biosciences (San José, CA, USA). Rabbit anti-human von Will-
ebrand factor (vVWF) was obtained from Dako (Denmark, CA, USA). Micrococcal nuclease
(MNase) and the cell death detection ELISAPLUS kit were purchased from Roche Diagnostics
(Mannheim, Germany). Human interleukin (IL)-6 high sensitivity ELISA was purchased from
eBioscience (San Diego, CA, USA).

Isolation of human neutrophils

Neutrophils were isolated from peripheral blood by Ficoll-Hypaque gradient centrifugation and
dextran sedimentation, as described previously [18]. Cell suspensions contained 98% neutro-
phils, as determined by May Grunwald-Giemsa stained cytopreps, and the levels of monocyte
contamination were always 0.2%, as evaluated by CD14 staining and flow cytometry (S1 Fig).

NET formation assay

Neutrophils (5x10°/ml) were seeded in 24-well flat-bottom-plates with poly-L-Lysine coated
coverslips, stimulated with TNFo (20 ng/ml) and placed in a humidified incubator at 37°C
with CO, (5%) for 180 minutes.
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Immunofluorescence assays

After TNFa stimulation, the cells were fixed with paraformaldehyde (PFA, 1%), permeabilized
with 0.1% Triton-X and blocked with goat serum. Cells were then stained with mouse anti-
human MPO-FITC Ab (1:20) and rabbit anti-HNE (1:1000) or the corresponding IgG con-
trols. For HNE staining, Alexa Fluor 546-labeled goat anti-rabbit secondary Ab, DNA was
stained with TO-PRO 3. Mounted specimens were analyzed by confocal fluorescence micros-
copy using a FV-1000 microscope (Olympus, Tokyo, Japan) equipped with a Plapon 60x/
NA1-42 objective.

Quantification of extracellular DNA

DNA released from neutrophils during NET formation was digested with MNase (500 mU/
ml) for 15 minutes. EDTA (5 mM) was added to stop nuclease activity. Supernatants were col-
lected, centrifuged and DNA was measured in the supernatants using SYBR Gold in a fluo-
rometer (Biotek Instruments, Winooski, VT, USA). The calibration curve was constructed
using a thymus DNA of a known concentration.

Determination of nucleosome, IL-6, TNFa and vWF plasma levels

Plasma from healthy donors and diabetic patients was obtained by blood centrifugation. Plas-
matic levels of nucleosomal DNA, human IL-6 and TNFo were measured using commercial
ELISA kits (Cell death, ELISAPLUS Roche Diagnostic and eBioscience) and vWF levels were
measured as previously described [19].

HNE-DNA complex ELISA

Quantification of HNE-DNA complexes was performed as previously described [20]. Briefly,
96-well plates were coated with 5 pg/ml anti-HNE Ab (Calbiochem) overnight at 4°C. After
washing three times, plasma samples were added with incubation buffer containing a peroxi-
dase-labeled anti-DNA mAb (Cell Death ELISAPLUS, Roche Diagnostics, dilution 1:25). The
plate was then incubated for 2 h, shaking at 300 rpm at room temperature (RT). After three
washes, 100 ul of peroxidase substrate (ABTS) was added. Absorbance at 405 nm was mea-
sured after 20 min of incubation at RT in the dark. Values for soluble HNE-DNA complexes
are expressed as optical density (OD).

P-selectin expression

Aliquots of platelet rich plasma (PRP) obtained by the centrifugation of blood samples (200 x g
for 15 min) were fixed and stained with a FITC-CD62P (anti-P-selectin) or an equivalent
amount of isotype-matched control Ab. Samples were analyzed by flow cytometry on a FACS-
Calibur flow cytometer using CELLQUEST software (BD Biosciences, Franklin Lakes, NJ,
USA), and the results are expressed as the percentage of positive cells.

Statistical analysis

The nature of the distribution of quantitative variables was explored by the Shapiro-Wilk test.
Qualitative data are expressed as percentages (%); quantitative data are expressed as

mean + standard error. Differences between qualitative data were assessed through the use of
Chi-Square test. Differences between quantitative data (diabetic patients vs. healthy donors)
were explored by using Student’s t-test. The associations between two quantitative variables
were studied following the Pearson linear model (simple linear regression). The corresponding
“R>” coefficients were obtained.
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Several multiple linear regression models were used to explore the effect of diabetes on sev-
eral dependent variables (NET's, nucleosomes and IL-6), adjusted for BML

The variation of the studied variables in diabetic subjects throughout the follow-up period
was assessed by the use of repeated measures ANOVA models.

MedCalc (V16.2.0) and GraphPad softwares were used for the statistical analyses. Values of
P<0.05 (two tailed) were considered statistically significant.

Results

Study subjects

Twenty-five T2DM patients were included. The clinical characteristics of patients and healthy
donors at baseline are shown in Table 1.

After diagnosis and the first blood samples were drawn, all patients started therapy with
metformin (doses ranging from 500-2500 mg/d). Most patients were receiving statins and
enalapril at diagnosis. The majority of patients achieved a normoglycemic level at 6 and 12
months (80% of patients had HbAlc <7%). There were no thrombotic events during follow-

up.

Diabetic patients show higher levels of NET formation and circulating
nucleosomes than healthy controls

Considering that NET formation occurs during the inflammatory process and diabetic
patients are characterized by a state of low chronic inflammation [21], we first analyzed the
capability of patient neutrophils to generate these structures. Microscopic studies and DNA
quantification revealed that neutrophils from recently diagnosed diabetic patients (basal sam-
ples) exhibited higher levels of NET generation than healthy donors (Fig 1A and 1B).

As NET formation can be triggered by some cytokines, including TNFo. [6], and increased
levels of pro-inflammatory cytokines are usually observed in diabetic patients [22], in the next
experiments, we evaluated the release of NET's triggered by TNFo.. As expected, the stimulation
of healthy donor neutrophils with TNFo resulted in NET formation; however, patient neutro-
phils failed to induce DNA release upon stimulation (Fig 1A and 1B). Similar results were
obtained using PMA as a NET inducer (Fig 1A and 1B).

Table 1. Patients and healthy donors’ clinical characteristics at baseline.

Variable Healthy donors Diabetic patients
N 25 25
Male sex (N) 17 18
Female sex (N) 8 7
Age (years) 49+2 51+2
BMI (kg/m?) 27+1 35+1*
Glycaemia (mg/dl) 8315 196+18*
HbA1c (%) 4+0.2 9.4+0.3*
TC (mg/dl) 1887 20249
TG (mg/dl) 170115 192+26
HDL-C (mg/dl) 63+2 4141*
Neutrophils (x10%/ml) 5.2+0.3 4.9+0.3

* P<0.05 vs. healthy donors

doi:10.1371/journal.pone.0168647.t1001
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Fig 1. NET formation in diabetic patients. Neutrophils (Neu, 5x10%/ml) were isolated from healthy donors or recently diagnosed diabetic patients and
stimulated or not with TNFa (20 ng/ml) or PMA (50 nM), and then the cells (A) were fixed, permeabilized and stained with TO-PRO 3 for DNA (blue),
the specific markers anti-human neutrophil elastase (HNE, red) and anti-MPO (green) and visualized by confocal fluorescence microscopy (original
magnification, 60X, scale bar: 20 um, the images are representative of ten patients) or (B) treated with MNase and NET-associated DNA was
quantified in the supernatants by fluorometry. (C) Nucleosome plasma levels were measured in the plasma of healthy donors or diabetic patients by
ELISA. Correlation between nucleosome plasma levels and (D) glycaemia, (E) HbA1c or (F) neutrophil counts of diabetic patients. (G) Normalization of
nucleosome levels to individual neutrophil counts. (H) HNE-DNA complex levels (optical density, OD) were measured in plasma of healthy donors or
diabetic patients by ELISA. (I) Correlation between nucleosome levels and HNE-DNA complexes. *p<0.05. Student’s t-test was used in Panels (B),
(C), (G) and (H) and the Pearson lineal model in Panels (D), (E), (F) and (l).

doi:10.1371/journal.pone.0168647.9001

Since neutrophils from diabetic patients had elevated levels of basal NET formation, we
explored whether this phenomenon was also observed in vivo. To address this issue, we deter-
mined the level of nucleosomes, as an indirect measure of NETSs, in the plasma of healthy
donors and diabetic patients. Accordingly with the in vitro studies, the plasma of T2DM
patients showed higher levels of nucleosomes than healthy donors (Fig 1C). The levels of
nucleosomes were positively correlated with glucose levels (Fig 1D) and glycosylated HbAlc
(Fig 1E), but not with neutrophil counts (Fig 1F). When the nucleosome levels were normal-
ized to individual neutrophil counts (nucleosomes/neutrophils), a significant increase in dia-
betic patients was still observed compared to healthy controls, indicating that the augmented
nucleosome levels were not associated with individual neutrophil counts (Fig 1G).

Since nucleosomes might be generated by means of other types of cellular death, we next
analyzed the levels of plasma HNE-DNA complexes, which are specifically produced as a result
of NET release [20]. Similar to nucleosome levels, T2DM patients showed increased levels of
HNE-DNA complexes at diagnosis (Fig 1H). Moreover, there was a very good correlation
between these complexes and nucleosome levels (Fig 1I).

Diabetic patients have elevated levels of IL-6 and TNFa

Diabetic patients usually present elevated levels of pro-inflammatory cytokines such as IL-6
and TNFa [22], which are also NET inducers [6, 14]. Accordingly, we found that diabetic
patients have elevated levels of IL-6 (Fig 2A) and TNFa (Fig 2B) in plasma, which positively
correlated with the levels of nucleosomes (Fig 2C and 2D).

When multiple regression models were used, diabetes remained significantly associated
with NETs, nucleosomes, HNE-DNA complexes, IL-6 and TNFo after adjustment for BMI.

Platelets and endothelium are not activated in diabetic patients

The endothelium and platelets are critical components of intravascular NET formation [23].
To determine if there is a correlation between NET formation and platelet and endothelial
activation, in the next experiments, we analyzed the expression of P-selectin and von Willeb-
rand factor (vWEF), two pro-inflammatory molecules that are exposed or released from plate-
lets and endothelial cells, respectively, upon cell activation [11, 24]. Fig 3A and 3B show that
the expression of P-selectin on the platelet membrane as well as the levels of circulating vWF
were similar in diabetic patients and in healthy donors.

NET formation and cytokine production in metformin-treated patients

To evaluate the effect of metabolic control, we re-evaluated NETosis and cytokine production
in diabetic patients after metformin treatment. Interestingly, although the glucose/HbA1c lev-
els of diabetic patients were restored to normal values after six months of metformin treatment
(Table 2), the basal formation of NETs, the failure of neutrophils to form these DNA structures
after TNFo: stimulation, as well as the presence of nucleosomes and HNE-DNA complexes in
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IL-6 and TNFa levels in healthy donors and diabetic patients. (A) IL-6 and (B) TNFa levels were

TNFa (ng/ml)

measured by ELISA in plasma from healthy donors and diabetic patients. *P<0.05 (Student’s t-test). Correlation
between (C) IL-6 or (D) TNFa and nucleosome plasma levels (Pearson linear model).

doi:10

.1371/journal.pone.0168647.g002

the plasma of diabetic patients were still observed (Fig 4A and 4B). However, all these patient
neutrophil functional responses returned to normal values after 12 months of treatment (Fig
4A and 4B). Of note, neutrophil counts did not change with treatment (Table 2).

Similar to the ability of neutrophils to form NETs, IL-6 and TNFo. levels were still signifi-
cantly higher six months after metformin treatment, but started to decrease after 12 months of
pharmacological therapy (Fig 4C and 4D). Interestingly, because the patients were on different
doses of metformin treatment, we re-analyzed the data according to the dose regime. Since the
maximal metformin dose was 2500 mg/day, we considered a cut-off of 1500 mg/day for the
low and high doses; 1500 mg/day is the standard dose required in pharmacological studies
evaluating a second drug in T2DM patients already treated with metformin [25]. Although the
mean value of the nucleosome levels in the high metformin dose group of T2DM patients was
lower than that of the low dose group, they were not statistically different (Fig 5A). In addition,
there were no differences in IL-6, TNFo, HNE-DNA complexes and in-vitro NET formation
(DNA) between the two metformin doses (Fig 5).

PLOS ONE | DOI:10.1371/journal.pone.0168647 December 22, 2016 8/15



@° PLOS | ONE

NETosis in Type 2 Diabetic Patients

>

S 25 B 5,

2T

© © 20+ " =

[ (b |

<2 151 . 5207 o

-5 ° = . o

£ 010 ° N

+— O L L _ o o .-.

8% 5 e w305

$§°/ 0 — 0 .:.. S

o Healthy Diabetic Healthy Diabetic
donors patients donors patients

Fig 3. Platelets and endothelial cells are not activated in diabetic patients. (A) Platelet rich plasma (PRP) of
healthy donors or diabetic patients was fixed and stained with an antibody against CD62P (P-selectin) or the
corresponding IgG and P-selectin expression was measured by flow cytometry. (B) Plasma levels of VWF of healthy
donors or diabetic patients were measured by ELISA (Student’s t-test).

doi:10.1371/journal.pone.0168647.g003

Discussion

In this study, we demonstrated that neutrophils from T2DM patients form NETs without stim-
ulation and do not respond to further activation with TNFo. Diabetic patients had increased
levels of nucleosomes, HNE-DNA complexes, IL-6 and TNFa in plasma, and all neutrophil
responses were restored to normal after 12 months of metformin treatment.

A basal increase in NETosis was previously described in both diabetic patients and under
hyperglycemic conditions in vitro [14-16, 26, 27]. Interestingly, Joshi et al. and Menegazzo
et al. found that, in addition to this active state, the cells did not respond to LPS [14, 15]. Our
observations of neutrophil unresponsiveness to TNFo and PMA support and further extend
the notion that T2DM neutrophils exhibit increased basal NET formation and are unable to
further undergo NETosis. In contrast to this hypothesis, Wong et al. demonstrated that neu-
trophils of diabetic patients were more susceptible than healthy controls to NETosis when
stimulated with the calcium ionophore ionomycin [16]. However, these differences could be
associated with the nature of the stimulus employed in each study. While ionomycin activates

Table 2. Characteristics of diabetic patients at baseline (0) and 6 and 12 months post treatment (mpt).

Variable Diabetic patients

0 mpt 6 mpt 12 mpt

Glycaemia (mg/dl) 196+18 119+6% 11443*
HbA1c (%) 9.4+0.3 6.410.2* 6.1+£0.2*

TC (mg/dl) 202+9 206+10 1916

TG (mg/dl) 192426 208+23 170+21

HDL-C (mg/dl) 411 4242 45+2

Neutrophils (x10%/ml) 4.9+0.3 5.5+0.4 5.240.2

* P<0.05 vs. diabetic patients 0 mpt.

doi:10.1371/journal.pone.0168647.1002
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doi:10.1371/journal.pone.0168647.g004

neutrophils through a receptor-independent mechanism, the response to TNFa. is receptor-
dependent. Thus, it could be possible that TNFo. receptors in T2DM neutrophils might be
unavailable, either due to a decrease in their expression or saturation due to the high circulat-
ing TNFo levels usually found in diabetic patients [22]. However, the observation that NET
formation with PMA was also blunted suggests that a more general signaling pathway involved
in NETosis might also be altered in diabetic patients.

Besides TNFa, another cytokine that is elevated in diabetic patients is IL-6, which can also
induce NET formation [14]. We not only confirmed that diabetic patients had elevated levels
of both IL-6 and TNFa in plasma, but also demonstrated that these cytokines and the
increased NETosis observed at diagnosis decreased after metformin treatment, suggesting that
IL-6 and TNFo. could be implicated in the increased levels of constitutive NETosis observed in
the neutrophils of these patients.

In line with our ex vivo studies, we also found that T2DM patients have significantly higher
levels of circulating nucleosomes than healthy subjects. The presence of NETosis in diabetic
patients has been reported by other groups [14-16, 27]. However, in previous studies, patients
were already under pharmacological treatment. Our study shows for the first time that diabetic
patients at diagnosis present high levels of nucleosomes as well as HNE-DNA complexes that
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correlate with systemic glycaemia, IL-6, TNFo and HbA1c levels. Remarkably, although nucle-
osomes might be generated by types of cellular deaths other than NETosis, in T2DM patients,
nucleosome levels appear to be the result of NET formation, suggesting that these rapid ELISA
tests could be used as another biomarker for T2DM patients.

In contrast, it has been recently reported that serum levels of elastase and proteinase 3, two
proteins present in NETs, are significantly reduced in Type 1 diabetes patients and are corre-
lated with a reduction in neutrophil counts [28]. In our study, neutrophil counts did not differ
between control subjects or patients and the amount of nucleosomes/neutrophil in T2DM
patients was higher than control subjects, ruling out the idea that the augmented nucleosomes
levels observed in T2DM patients were associated with an increased neutrophil number.

Intravascular NET formation usually occurs on the vascular endothelium, and platelets
amplify this phenomenon [23]. Since both endothelial cell and platelet activation have been
reported in T2DM patients, we aimed to determine whether there was a correlation between
the formation of NET's and the components of this triad. Surprisingly, neither the expression
of P-selectin nor the levels of vVWF (as markers of platelet and endothelial cell activation,
respectively) were increased in diabetic patients compared to control subjects. Although our
data indicate that platelet or endothelial cell activation are not triggers of NET formation in
diabetic patients, it could be possible that other more reliable cell activation markers of this
process should be assessed.

It has been demonstrated that improving glycemic control in patients ameliorates immune
function. For example, the efficiency of intracellular killing of microorganisms improves with
better glycemic control [29]. Moreover, it has been suggested that elevations in blood glucose
are in part responsible for the increased susceptibility of diabetic neutrophils to undergo
NETosis [14-16]. Our present data show that although glycemic levels were restored to normal
values after six months of metformin treatment, neutrophils from diabetic patients still exhib-
ited constitutive NETosis, did not respond to TNFo and had higher levels of circulating nucle-
osomes and HNE-DNA complexes than normal subjects. Only after 12 months of treatment
did all these parameters return to control values. The observation that, despite the normaliza-
tion of glucose levels, NETosis (in vitro and in vivo) remained augmented point out that these
events are not the consequence of impaired glycemic control. Of note, similar kinetics were
observed for IL-6 and TNFo production, indicating that inflammation rather than the meta-
bolic state regulates NETosis. The discrepancy of nucleosomes, HNE-DNA complexes, IL-6
and TNFa versus glucose and HbA1c levels at 6 months after treatment was unexpected, and
we can only speculate that: a) the kinetics of the molecules involved might be responsible even
though, as far as we know, there is no evidence in the literature; b) a cellular response might
take longer than the effect of a pharmacological agent to normalize a metabolic parameter; c)
other molecules not evaluated in our study or yet unknown might play a role in this complex
response.

Interestingly, and in support of our hypothesis that NETosis is not a consequence of
impaired glycemic control in T2DM, it has been recently reported that metformin can inhibit
PMA-induced NET formation [30]. Whether these observations are due to a direct effect of
metformin requires further investigation. In a recent study of well controlled-T2DM patients,
Miyoshi et al. observed that DNA-MPO complexes in patients treated with more than three
antidiabetic drugs were higher than in patients treated with fewer than three drugs [27]. In
contrast, we did not observe differences between nucleosome levels or HNE-DNA complexes
regarding the metformin dose. These differences could be explained by the different patient
population (recently diagnosed T2DM patients and only one antidiabetic drug in our study).
NETosis has been identified in the last decade as a novel form of programmed cell death
occurring in neutrophils and induced by infectious agents and other inflammatory triggers [6,

PLOS ONE | DOI:10.1371/journal.pone.0168647 December 22, 2016 12/15



@° PLOS | ONE

NETosis in Type 2 Diabetic Patients

23, 31]. NETSs provide a natural defense by entrapping microbes [2, 23]. However, excessive or
dysregulated NETosis also promotes thrombosis, inflammation and endothelial dysfunction
[3, 4, 32], which may contribute to diabetic complications. The clinical implications of these
observations remain to be determined. In our study, we observed neither increased platelet
(P-selectin) or endothelial (vWF) activation markers nor thrombotic events during the first
year of therapy. Since all the patients achieved metabolic control and decreased NETosis dur-
ing therapy, the prognostic value of NET's could not be evaluated.

In conclusion, our data suggest that NET's could represent a novel biomarker for T2DM
and that increased in vivo NET formation appears not to be the consequence of impaired gly-
cemic control and is not associated with thrombotic events.

Supporting Information

S1 Fig. Purity of neutrophil isolation. After neutrophil isolation, cells were stained for 20
min with CD14-PE.
(TIF)
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