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Type 1 diabetes (T1D) is an autoimmune disorder with unambiguous involvement of both
innate and adaptive immune mechanisms in the destruction of pancreatic beta cells.
Recent evidence demonstrated that neutrophils infiltrate the pancreas prior to disease
onset and therein extrude neutrophil extracellular traps (NETSs), web-like structures of DNA
and nuclear proteins with a strong pro-inflammatory biologic activity. Our previous work
showed that T1D NETs activate dendritic cells, which consequently induce IFNy-
producing Th1 lymphocytes. The aim of this study was to assess direct ex vivo
biomarkers of NETosis in the serum of recent onset and long-term pediatric T1D
patients, their first-degree relatives and healthy controls. To this end we evaluated
serum levels of myeloperoxidase (MPO), neutrophil elastase (NE), proteinase 3 (PR3),
protein arginine deiminase 4 (PAD4), LL37 and cell-free DNA-histone complexes in sex-
and age-matched cohorts of T1D first-degree relatives, recent-onset T1D patients, and in
patients 12 months after clinical manifestation of the disease. Our data shows that disease
onset is accompanied by peripheral neutrophilia and significant elevation of MPO, NE,
PR3, PAD4 and cell-free DNA-histone complexes. Most biomarkers subsequently
decrease but do not always normalize in long-term patients. First-degree relatives
displayed an intermediate phenotype, except for remarkably high levels of LL37.
Together, this report provides evidence for the presence of ongoing NETosis in
pediatric patients with T1D at time of clinical manifestation of the disease, which partly
subsides in subsequent years.
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INTRODUCTION

Type 1 diabetes (T1D) is an autoimmune disease resulting
from the destruction of insulin-producing beta cells in the
pancreas, which involves both innate and adaptive immunity.
Neutrophils in particular enjoy the interest of the scientific
community, with both reduced (1-3) and elevated (4, 5)
neutrophil counts being reported in T1D patients. While it has
been shown that neutrophils can infiltrate the pancreas and
initiate the autoimmune response driving its destruction in mice
(6), their precise role in the pathogenesis of T1D is still
under debate.

Neutrophils are able to extrude web-like structures called
neutrophil extracellular traps (NET) in a process of specific cell
death called NETosis (7). Even though NETosis is an essential
part of host defense against infection, it can also be involved in
the pathogenesis of autoimmune diseases. We and others have
shown the involvement of NETs in the pathogenesis of
autoimmune diabetes (6, 8-10), where neutrophils and NET-
related products act as drivers of inflammation (11), Thl
polarization and type II interferon production (10).
Conversely, the inhibition of NET formation is able to
attenuate the development of T1D (6).

In previous studies, increased circulating levels of neutrophil
elastase (NE) and proteinase 3 (PR3), both serine proteinases
produced by neutrophils and stored in their primary azurophilic
granules, as well as increased levels of myeloperoxidase (MPO)-
DNA complexes, were reported in patients with T1D (12),
suggesting enhanced NET formation. However, another
study refuted this observation and documented significantly
decreased levels of NE and PR3 (9) in patients within 3 years
of diagnosis, a finding possibly related to the previously shown
gradual decrease of neutrophil counts after clinical onset of the
disease (13).

In this study we aim to expand the spectrum of investigated
NETosis related products to NE, PR3, MPO, peptidyl arginine
deiminase 4 (PAD4) - an enzyme which facilitates chromatin
decondensation vital for NET formation, LL37 - an
antimicrobial cathelicidin, and DNA-histone complexes and
assess their levels in the serum of a cohort of patients at the
onset of T1D, with well-established disease and in their first-
degree relatives, both autoantibody positive and negative.

METHODS

Cohort Description

Peripheral blood neutrophil counts were measured as part of
complete blood count with differential, using routine in-house
methods in 333 patients with long-term T1D at an average of
5.73 * 3.82 years since clinical manifestation of T1D, 172 patients
with newly diagnosed T1D sampled within 7 days of
manifestation, 51 antibody positive [at least one of the
following: anti-glutamic acid decarboxylase 65 (anti-GAD65),
anti-tyrosine phosphatase-like insulinoma antigen 2 (anti-IA2),
anti-indole-3-acetic acid (anti-IAA), anti-zinc transporter
protein 8 (anti-ZNT8)] first-degree relatives of T1D patients,
122 antibody negative first-degree relatives of T1D patients and
17 healthy children.

Serum neutrophil products were measured in a subset of 31
patients with newly diagnosed T1D [8 who presented with
diabetic ketoacidosis (DKA, pH < 7.3)], 32 patients at one year
since clinical manifestation of T1D. Additionally, we investigated
32 antibody negative and 32 antibody positive healthy first-
degree relatives. The control group with no personal history of
autoimmune disease comprised 32 age and sex-matched
healthy children.

Detailed cohort description data can be inspected in Tables 1
and 2.

Legal guardians of all study participants signed a written
informed consent prior to entering the study. The study was
approved by the institutional Ethics Committees of the
University Hospital Motol and 2nd Faculty of Medicine,
Charles University in Prague, Czech Republic and was
conducted in accordance with the Declaration of Helsinki.

Neutrophil Counts and Autoantibody
Determination

Anti-GAD65, -1A2, -IAA autoantibodies were measured using
radioimmunoassay (RIA) based on 125I-labelled antigens
(Medipan GmbH, Berlin, Germany). All three assays were
evaluated using the Islet Autoantibody Standardization Program
2015. The following assay cut-offs were determined with receiver
operating characteristic (ROC) plots using all the samples: 0.4 U/ml
for anti-IAA, 1.0 U/ml for anti-GAD65 and 0.9 U/mL for anti-IA2.
Anti-ZnT8 were examined by ELISA (RSR Limited, Wales, UK) as

TABLE 1 | Cohort description — neutrophil counts.

Number Age (years, mean + SD) Sex (n)
(n) (range)
Healthy 17 14.29 + 1.87 5 male, 12 female
(11.81-17.37)

Ab- relatives 122 9.11 +£4.48 61 male, 61
(0.3-20.7) female

Ab+ relatives 51 9.07 £ 4.37 29 male, 22
(2.7-25.6) female

Recent 172 919 + 4.44 85 male, 87

onset (1.1-18.27) female

Long-term 333 12.61 £ 4.21 168 male, 165

T1D (2.28-24.58) female

Time since diagnosis of T1D (years, mean + SD)

HbA1c (mmol/mol, mean + SD)

(range) (range)
NA NA
NA 34.77 +2.76
(27-39)
NA 32.83 + 3.57
(25-40)
NA 97.63 + 29.83
(33-172)
5.73 + 3.82 64.48 + 15.42
(0.71-17.5) (35-143)
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TABLE 2 | Cohort description — serum neutrophil products.

Number (n) Age (years, mean x SD)
Healthy 32 9.6+42
(3.8-17.9)
Ab- relatives 32 9.5+4.1
(2.0-17.4)
Ab+ relatives 32 99+42
(3.2-17.6)
Recent onset 31 9.6+42
(8.3-17.5)
Long-term T1D 32 101 +4.3
(8.2-17.5)

Sex (n) HbA1c (mmol/mol, mean = SD) (range)
16 male, 16 female NA
16 male, 16 female 33 + 4.1
(28-43)
16 male, 16 female 33+4.38
(27-40)
15 male, 16 female 106.5 + 25.5
(59-156)
16 male, 16 female 50 +22.8
(82-125)

described previously (14). Complete blood count with differential
was analysed on the Sysmex XN-3000 platform (Sysmex Europe,
Norderstedt, Germany).

NET Components

Commercially available ELISA kits were used to quantify
myeloperoxidase, neutrophil elastase, proteinase 3 (Abcam,
Cambridge, USA), LL37 (Hycult Biotech, Wayne, USA), DNA-
histone complexes (Sigma-Aldrich, St. Luis, USA) and PAD4
(LSBio, Seattle, USA) according to manufacturer’s instructions.

Statistics

Statistical analyses were performed using Brown-Forsythe and
Welch one-way analysis of variance (ANOVA), unpaired t-tests
with Welch’s correction and linear regression using GraphPad
PRISM 8.0 (San Diego, CA, USA). Values of p=0.01-0.05 (*),
p=0.001-0.01 (**), p<0.001 (***) and p<0.0001 (****) were
considered statistically significant.

RESULTS

T1D Onset Is Accompanied by

Transient Neutrophilia

In this study we observed substantial changes in absolute circulating
neutrophil counts between healthy controls, first-degree relatives of
T1D patients both negative and positive for T1D-specific
autoantibodies, patients at clinical onset of the disease and
patients with long-term disease (Figure 1A, Brown-Forsythe and
Welch ANOVA p < 0.0001, summary data for other leukocyte
populations shown in Supplementary Table 1).

In particular, we saw a modest but statistically insignificant
decrease of neutrophils in relatives regardless of seropositivity
and in patients with long-term disease, compared to healthy
controls (Figure 1A), which was independent from age
(Figure 1B). In contrast, patients at the onset of clinical
disease had elevated absolute neutrophil counts compared to
first-degree relatives (p < 0.0001 for antibody negative and p =
0.001 for antibody positive, unpaired t-test with Welch’s

A B
)
* . £
3
_ £
25+ e 2
3
20 i
ﬁ <
= ]
S o 15
o B
E<
5 x ]
@ =104
3 *10-
] K]
]
G T T z

Ab- Ab+
relatives relatives

Healthy Onset Long-term

[*10%1]

[x10%1]

Ab- relatives Ab+ relatives

Neutrophils
[x10%1]

.............................................

Neutrophils
[x10%1]

10

15

Age
[years]

Age
[years]

FIGURE 1 | Peripheral blood neutrophils. Absolute neutrophil counts in the peripheral blood of healthy controls, antibody negative and antibody positive first-degree
relatives of T1D patients, T1D patients at the clinical onset of the disease and T1D patients with long-term, well-established disease (A). Temporal development of
absolute neutrophil counts in the peripheral blood of healthy controls, antibody negative and antibody positive first-degree relatives of T1D patients, T1D patients at
the clinical onset of the disease and T1D patients with long-term, well-established disease (B). Healthy in-house reference range visualized with dashed line.
Unpaired t-test with Welch'’s correction p-values shown, p=0.01-0.05 (*), p=0.001-0.01 (**), p<0.001 (***), p<0.0001 (***).
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correction), long-term T1D patients (p < 0.0001) and healthy
controls (p = 0.014).

Increased Circulating Levels of NET-
Associated Biomarkers Are a Hallmark of
Recent Onset T1D Patients

Since the process of NETosis has previously been implicated in
the pathogenesis of T1D and our patients displayed a discrete
transient neutrophilia upon reaching clinical onset of T1D, we
hypothesized that NET-associated biomarkers should be elevated
in the serum of T1D patients, especially at the time of clinical
manifestation of the disease.

Indeed, we were able to detect high levels of myeloperoxidase
(MPO) (Figure 2A, Brown-Forsythe and Welch ANOVA p =
0.0024), neutrophils elastase (NE) (Figure 2B, p = 0.0005) and
proteinase 3 (PR3) (Figure 2C, p < 0.0001), enzymes widely
present in NET structures and released during the degranulation
process, in the sera of T1D patients and their relatives, compared
to healthy controls.

Antibody positive relatives (Ab+) also exhibited significantly
elevated levels of LL37 (cathelicidin), an antimicrobial peptide
commonly present in NET structures (Figure 2D, p = 0.0058).
There was no relationship between a number of autoantibodies
and NET-related products (Supplementary Figure 1).

Patients at the clinical onset of T1D displayed increased levels
of cell-free DNA-histone complexes (Figure 2E, p = 0.0031) and
peptidyl arginine deiminase 4 (PAD4), an enzyme which
facilitates protein citrullination and has been intricately linked
to NET formation (Figure 2F, p < 0.0001).

We did not observe significant difference in serum levels of
any of the analytes and absolute circulating neutrophil counts in
recent onset patients who presented with and without diabetic
ketoacidosis (DKA), defined as pH < 7.3 (Supplementary
Figure 2). MPO and DNA-histones levels significantly
correlated with blood pH and MPO was slightly higher in
patients with DKA but showed high variance (unpaired t-test
with Welch’s correction p = 0.046).

None of the NET-associated biomarkers was significantly
associated with age (Supplementary Figure 3) or sex
(Supplementary Figure 4). There was also no significant
correlation between their serum levels and absolute counts of
circulating neutrophils (Supplementary Figure 5).

Residual beta-cell activity was not directly quantified through
the measurement of fasting or stimulated C-peptide, however
there was no correlation between the metabolic control of
T1D measured as glycated hemoglobin fraction HbAlc
(Supplementary Figure 6) and NET-associated biomarkers in
either recent onset or long-term patients.
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FIGURE 2 | Serum products of NETosis. Products of NETosis (A) myeloperoxidase, (B) neutrophil elastase, (C) proteinase 3, (D) LL37, (E) DNA-histone complexes
and (F) peptidyl arginine deiminase 4) in the serum of healthy controls, antibody negative and antibody positive first-degree relatives of T1D patients, T1D patients at
the clinical onset of the disease and T1D patients with long-term, well-established disease. Unpaired t-test with Welch’s correction p-values shown, p=0.01-0.05 (¥),
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DISCUSSION

In this brief report we demonstrate the elevation of neutrophils
and indirect serum biomarkers of neutrophil NETosis - the
enzymes myeloperoxidase (MPO), proteinase 3 (PR3),
neutrophil elastase (NE) and protein arginine deiminase 4
(PAD4), the active form of the antimicrobial peptide
cathelicidin, LL37, and cell-free DNA-histone complexes - in
the blood of pediatric patients with recent onset type 1 diabetes.

Our study builds on and expands the previous works by Wang
et al,, who have shown similar results, but whose analysis was
limited to PR3 and NE (12). We show for the first-time elevated
serum levels of cell-free DNA and MPO. At the same time, the
elevated concentration of PAD4 provides mechanistic insight into
the process of NETosis in diabetic patients, as PAD4 citrullinates
arginine residues on histones, reducing their positive charge
and allowing chromatin decondensation vital for NET
formation (15). LL37, which apart from its antimicrobial
activity can suppress neutrophil apoptosis (16), was highest in
antibody positive relatives, but quite normal in recent onset
patients, suggesting concurrent activity of several pathways
involving neutrophils.

The data concerning neutrophils and NETosis-biomarkers in
T1D are not homogeneous. A study by Qin et al. (9) reported
reduced NE and PR3 in T1D patients, which was associated with
decreased neutrophils. While we too observed some correlation
between MPO, NE, LL37 and neutrophil counts in T1D patients,
this was not apparent in first-degree relatives and was driven by a
single data point in each cohort. A possible explanation for these
diverging results are the different inclusion criteria, as Qin’s
“recent-onset” cohort included patients up to 3 years after
disease manifestation and featured mainly adults, whereas our
recent onset cohort was sampled within 7 days of the clinical
manifestation of the disease and comprised chiefly children under
10 years of age. A closer comparison may be drawn to the study
by Valle et al., which reported decreased neutrophil counts in
newly diagnosed pediatric T1D patients (1). The potential effect
of recent metabolic stress on circulating neutrophils and NETosis
cannot be discounted and presents a unique and currently
unresolved challenge in determining which of these two is the
initial driving factor, which will require further study. The slight
neutropenia we reported in first-degree relatives is in agreement
with previous observations by Vecchio et al. (2), suggesting that
despite the absence of overt endocrinopathy, abnormalities in
neutrophil biology are already present in at risk subjects. Further
work on neutrophil phenotype in recent onset patients and at-risk
relatives is warranted and could elucidate their activation status,
maturity and more.

While we have already previously shown that TID NETs
activate dendritic cells and drive T cell polarization towards the
IEN-y Thl response in a series of in vitro studies performed on
material from patients with well-established disease (10), here for
the first time we show NETosis biomarkers directly ex vivo and
expand the studied cohorts to include recent onset patients and
their relatives. As the current literature lacks any data analyzing
the enzymatic activity of MPO, PAD4 and other enzymes, or the

serum concentration of NET-derived citrullinated proteins in
T1D patients, this report provides first indirect evidence of their
role in T1D pathogenesis.

The double-edged role of NETosis in driving not only
antimicrobial host defense, but also pathological inflammation,
remains highly topical and has recently been shown in COVID-
19, where elevated neutrophil counts predicted worse clinical
outcome and serum MPO and cell-free DNA were elevated in
patients requiring mechanical ventilation (17). The mass egress
of proteolytic enzymes from neutrophils into circulation can
trigger a proteolytic storm, drive activation of pro-enzymes
and result in proinflammatory cytokine release and host
damage (18).

We thus hypothesize that a yet unidentified trigger, perhaps a
subclinical viral infection (19), contributes to the ongoing
neutrophil activation and low-grade NETosis that we show
already in antibody-positive relatives. The biological activity of
NETs may then result in further accentuation of the
inflammation, egress of neutrophils from the bone marrow -
reflected in the transient neutrophilia we show - and neutrophil
infiltration into the pancreas as documented by Diana
et al. Ultimately, this vicious cycle leads to the destruction of
insulin-producing beta-cells and clinical manifestation of
diabetes mellitus.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors upon request.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the institutional Ethics Committees of the
University Hospital Motol and 2nd Faculty of Medicine,
Charles University in Prague. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

AK gathered and analyzed longitudinal data mapping peripheral
neutrophil counts and co-wrote the article. PV and IZ performed
experiments. JV, LP, ZS, and SP provided patient information
and primary biomaterial and reviewed the manuscript. AS co-
conceived the study, provided support and reviewed the
manuscript. ZP conceived the article, designed experiments
evaluating the serum concentration of NETosis products,

Frontiers in Immunology | www.frontiersin.org

July 2021 | Volume 12 | Article 699386


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Klocperk et al.

NETosis in T1D

analyzed the data and co-wrote the article. All authors
contributed to the article and approved the submitted version.

FUNDING

The work was supported by AZV NU 20-05-00320 and NU20-
05-00282 issued by the Czech Health Research Council and
Ministry of Health, Czech Republic and institutional support of
research organization #00064203 from University Hospital in
Motol, Czech Republic.

REFERENCES

. Valle A, Giamporcaro GM, Scavini M, Stabilini A, Grogan P, Bianconi E, et al.
Reduction of Circulating Neutrophils Precedes and Accompanies Type 1
Diabetes. Diabetes (2013) 62:2072-7. doi: 10.2337/DB12-1345
2. Vecchio F, Lo Buono N, Stabilini A, Nigi L, Dufort MJ, Geyer S, et al.
Abnormal Neutrophil Signature in the Blood and Pancreas of
Presymptomatic and Symptomatic Type 1 Diabetes. JCI Insight (2018) 3:1-
17. doi: 10.1172/jci.insight.122146

3. Harsunen M, Puff R, D’Orlando O, Giannopoulou E, Lachmann L, Beyerlein A,
et al. Reduced Blood Leukocyte and Neutrophil Numbers in the Pathogenesis of
Type 1 Diabetes. Horm Metab Res (2013) 45:467-70. doi: 10.1055/s-0032-1331226

4. Jackson MH, Collier A, Nicoll JJ, Muir AL, Dawes J, Clarke BF, et al.
Neutrophil Count and Activation in Vascular Disease. Scott Med ] (1992)
37:41-3. doi: 10.1177/003693309203700205

5. YuY, Lin Q, Ye D, Wang Y, He B, Li Y, et al. Neutrophil Count as a Reliable
Marker for Diabetic Kidney Disease in Autoimmune Diabetes. BMC Endocr
Disord (2020) 20:158. doi: 10.1186/s12902-020-00597-2

6. Diana J, Simoni Y, Furio L, Beaudoin L, Agerberth B, Barrat F, et al. Crosstalk
Between Neutrophils, B-1a Cells and Plasmacytoid Dendritic Cells Initiates
Autoimmune Diabetes. Nat Med (2012) 19:65-73. doi: 10.1038/nm.3042

7. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS,
et al. Neutrophil Extracellular Traps Kill Bacteria. Science (2004) 303:1532-5.
doi: 10.1126/science.1092385

8. Wong SL, Demers M, Martinod K, Gallant M, Wang Y, Goldfine AB, et al.
Diabetes Primes Neutrophils to Undergo NETosis, Which Impairs Wound
Healing. Nat Med (2015) 21:815-9. doi: 10.1038/nm.3887

9. QinJ, Fu S, Speake C, Greenbaum CJ, Odegard JM. Netosis-Associated Serum
Biomarkers Are Reduced in Type 1 Diabetes in Association With Neutrophil
Count. Clin Exp Immunol (2016) 184:318-22. doi: 10.1111/cei.12783

10. Parackova Z, Zentsova I, Vrabcova P, Klocperk A, Sumnik Z, Pruhova S, et al.

Neutrophil Extracellular Trap Induced Dendritic Cell Activation Leads to Thl
Polarization in Type 1 Diabetes. Front Immunol (2020) 11:661. doi: 10.3389/
fimmu.2020.00661

11. Njeim R, Azar WS, Fares AH, Azar ST, Kassouf HK, Eid AA. Netosis

Contributes to the Pathogenesis of Diabetes and Its Complications. /] Mol
Endocrinol (2020) 65:R65-76. doi: 10.1530/JME-20-0128
12. Wang Y, Xiao Y, Zhong L, Ye D, Zhang ], Tu Y, et al. Increased Neutrophil
Elastase and Proteinase 3 and Augmented NETosis Are Closely Associated

—

ACKNOWLEDGMENTS

The authors wish to thank the patients and their families for their
consent with inclusion in this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.699386/
full#supplementary-material

With B-Cell Autoimmunity in Patients With Type 1 Diabetes. Diabetes (2014)
63:4239-48. doi: 10.2337/db14-0480

13. Klocperk A, Petruzelkova L, Pavlikova M, Rataj M, Kayserova ], Pruhova S,
et al. Changes in Innate and Adaptive Immunity Over the First Year After the
Onset of Type 1 Diabetes. Acta Diabetol (2019) 57(3). doi: 10.1007/s00592-
019-01427-1

14. Petruzelkova L, Ananieva-Jordanova R, Vcelakova J, Vesely Z, Stechova K,
Lebl J, et al. The Dynamic Changes of Zinc Transporter 8 Autoantibodies in
Czech Children From the Onset of Type 1 Diabetes Mellitus. Diabetes Med
(2014) 31:165-71. doi: 10.1111/dme.12308

15. Wang Y, Li M, Stadler S, Correll S, Li P, Wang D, et al. Histone
Hypercitrullination Mediates Chromatin Decondensation and Neutrophil
Extracellular Trap Formation. J Cell Biol (2009) 184:205-13. doi: 10.1083/
jcb.200806072

16. Nagaoka I, Suzuki K, Niyonsaba F, Tamura H, Hirata M. Modulation of
Neutrophil Apoptosis by Antimicrobial Peptides. ISRN Microbiol (2012)
2012:1-12. doi: 10.5402/2012/345791

17. Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M, Madison JA, et al. Neutrophil
Extracellular Traps in COVID-19. JCI Insight (2020) 5(11). doi: 10.1172/
JCLINSIGHT.138999

18. Fornasari PM. SARS-Cov-2 Protease-Dependent Human Cell Infection
Induces Immunological Response Imbalance and Neutrophils “Proteolytic
Storm”. Proteolysis Inhibitors Can Prevent and Treat Covid-19. J Cardiol Res
Rev Rep (2021) 2:1-10. doi: 10.47363/jcrrr/2021(2)135

19. De Beeck AO, Eizirik DL. Viral Infections in Type 1 Diabetes Mellitus-Why
the B Cells? Nat Rev Endocrinol (2016) 12:263-73. doi: 10.1038/
nrendo.2016.30

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Klocperk, Vcelakova, Vrabcova, Zentsova, Petruzelkova, Sumnik,
Pruhova, Sediva and Parackova. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

July 2021 | Volume 12 | Article 699386


https://www.frontiersin.org/articles/10.3389/fimmu.2021.699386/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.699386/full#supplementary-material
https://doi.org/10.2337/DB12-1345
https://doi.org/10.1172/jci.insight.122146
https://doi.org/10.1055/s-0032-1331226
https://doi.org/10.1177/003693309203700205
https://doi.org/10.1186/s12902-020-00597-2
https://doi.org/10.1038/nm.3042
https://doi.org/10.1126/science.1092385
https://doi.org/10.1038/nm.3887
https://doi.org/10.1111/cei.12783
https://doi.org/10.3389/fimmu.2020.00661
https://doi.org/10.3389/fimmu.2020.00661
https://doi.org/10.1530/JME-20-0128
https://doi.org/10.2337/db14-0480
https://doi.org/10.1007/s00592-019-01427-1
https://doi.org/10.1007/s00592-019-01427-1
https://doi.org/10.1111/dme.12308
https://doi.org/10.1083/jcb.200806072
https://doi.org/10.1083/jcb.200806072
https://doi.org/10.5402/2012/345791
https://doi.org/10.1172/JCI.INSIGHT.138999
https://doi.org/10.1172/JCI.INSIGHT.138999
https://doi.org/10.47363/jcrrr/2021(2)135
https://doi.org/10.1038/nrendo.2016.30
https://doi.org/10.1038/nrendo.2016.30
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Elevated Biomarkers of NETosis in the Serum of Pediatric Patients With Type 1 Diabetes and Their First-Degree Relatives
	Introduction
	Methods
	Cohort Description
	Neutrophil Counts and Autoantibody Determination
	NET Components
	Statistics

	Results
	T1D Onset Is Accompanied by Transient Neutrophilia
	Increased Circulating Levels of NET-Associated Biomarkers Are a Hallmark of Recent Onset T1D Patients

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


