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Abstract

Introduction: The involvement of the high-mobility group box 1 protein (HMGB]1) in various auto-
immune and inflammatory diseases has been documented; however, the role of this proinflammatory
molecule in children with diabetes type 1 (TIDM) has not been addressed. The aim of this case-control
study is to compare the serum level of HMGBI in children with newly diagnosed TI1DM (group 1) and
a control group composed of healthy children.

Material and methods: This case-control study included 136 children: group I (n = 96) and a con-
trol group (n = 40). Measurements were taken from serum for the following: HMGB1, white blood cell
count, C-reactive protein, glucose, haemoglobin A o and B-cell autoantibodies (GADA-65, IA-2, ICA).
HMGBI was determined using enzyme-linked immunosorbent assay on a Labsystems iEMS Reader MF
analyser (Labsystems Diagnostics Oy, Helsinki, Finland).

Results: The level (median and interquartile range) of HUGB1 was statistically higher (p < 0.001)
in children with TIDM: 8.7 (5.0-9.8) ug/l, in comparison with the control group: 1.0 (0.6-1.4) ug/l. No
correlation was found between HMGB1 and HbA Ic in group 1, or between HMGB1 and BMI. A statis-
tically higher percentage of positive children for autoantibodies were present in group 1 compared to
the control group (p <0.001). HMGBI serum levels were also tested and the presence of autoantibodies,
and none of those antibodies correlated with the level of HMGBI.

Conclusions: The higher level of HMGBI in children with TIDM, compared to the control group,
indicates that this proinflammatory molecule is a good candidate marker of inflammation in children
with TIDM.

Key words: children, inflammation, type I diabetes, high-mobility group box 1 protein, alarmins.

Introduction

Several studies indicate that the development of type 1
diabetes mellitus is (T1DM) related to an autoimmune re-
action directed towards the Langerhans cells, which leads
to their destruction and disease manifestation [1]. Further-
more, the autoimmune inflammatory reaction plays an im-
portant role in the development of diabetic complications
such as retinopathy, cardiomyopathy, stroke, kidney fail-
ure, and peripheral vascular disease [2].

Both innate and adaptive immunity are involved in
the development of TIDM. The cells of innate immunity
mediate initial inflammatory reaction. These cells express
pattern recognition receptors (PRR) that detect conserved
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pathogen-associated molecular patterns (PAMP) and/or
damage-associated molecular patterns (DAMP) expressed
by microbes or damaged human cells, respectively. It has
been shown that tissue inflammation mediated by DAMP
and PAMP is important for delivering the second signals
that are required for the activation of adaptive T-cell im-
munity, which finally leads to the destruction of the Lang-
erhans cells and the development of TIDM [3]. Among
DAMP molecules, considerable attention in recent years
has been drawn to the high-mobility group box 1 protein
(HMGB1). HMGBI is a highly conserved protein pres-
ent in the nucleus of almost all cell types. It plays an im-
portant role in maintaining the nucleosome structure and
regulation of gene transcription. It was shown recently
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that HMGBI1 can be released into the extracellular mi-
lieu passively from necrotic, pyroptotic, and/or apoptotic
cells and actively by activated inflammatory cells [4, 5].
It is involved in inflammatory responses and tissue repair.
HMGBI interacts with multiple pro-inflammatory recep-
tors including the receptor for advanced glycation products
and TLR2/4/9 PRR [6-8]. Previous animal studies have
demonstrated that HMGBI1 is a potent innate immune
mediator contributing to autoimmune progression during
T1DM, indicating the involvement of HMGB1 in TIDM
pathogenesis. HMGBI released from the late apoptotic
B cells potently activated dendritic cells in non-obese
diabetic (NOD) mice, which in turn initiated an autoim-
mune response against 3 cells, leading to their destruction
[9]. Moreover, a study showed that the neutralisation of
HMGBI1 by specific monoclonal antibodies in NOD mice
delayed diabetes onset and prevented disease progression,
giving hope for the development of novel therapeutic strat-
egies to mitigate or prevent TIDM [10]. It was also shown
that treatment with an anti-HMGB1 antibody leads to a re-
duction of tissue inflammation in various pathological con-
ditions such as atherosclerosis and adiposity-related liver
inflammation [11, 12]. The role of HMGBI1 in the develop-
ment of late diabetic complications in adult type 2 diabetes
is well documented [13, 14]. However, there are no studies
investigating the role of HMGBI in juvenile TIDM.

The aim of this case-control study is to compare the
serum level of HMGBI in children with newly diagnosed
T1DM with the level in a control group comprised of
healthy children, without evident inflammatory patholo-
gy (normal levels of C-reactive protein [CRP] and white
blood cell [WBC] count).

Material and methods

Subjects

In this case-control study a total of 136 children aged
from five to 18 years (median 14 years) were enrolled.
Among these subjects, 96 were children with newly diag-
nosed T1DM admitted to the Paediatric Department with
hyperglycaemia with or without diabetic ketoacidosis as the
first manifestation of the disease (group 1, n = 96). Dia-
gnostic criteria for TIDM were based on blood glucose
level : casual plasma glucose concentration > 11.1 mmol/l
(casual is defined as any time of day without regard to the
time passed since the last meal), or fasting plasma glucose
> 7.0 mmol/l (fasting is defined as no caloric intake for at
least 8 hours), or two-hour glucose > 11.1 mmol/l during an
oral glucose tolerance test (OGTT), detection of islet cell
autoantibodies (ICA), glutamic acid decarboxylase
65 (GAD-65) autoantibodies, and insulinoma-associated
protein-2 (IA-2), and the presence or absence of symptoms
defined by the International Society for Paediatric and Ad-
olescent Diabetes (ISPAD) Clinical Practice Consensus

Guidelines 2014 Compendium [15]. The control group
(n = 40) was comprised of healthy children who attend-
ed a standard systematic examination in the paediatric
practice. For the purpose of this study the following tests
were performed to rule out underlying diseases in the con-
trol group. DM was excluded in the control group based
on blood glucose measurements (fasting plasma glucose
< 7.0 mmol/l) and the absence of DM symptoms. Acute in-
fections were excluded by complete physical examination
and normal laboratory values of WBC and CRP. In the ini-
tial phase of the study, autoimmune diseases were exclud-
ed by negative personal and family history, the absence of
clinical symptoms associated with autoimmune diseases,
negative or low titre of anti-thyroid peroxidase (TPO) and
thyroglobulin and negative celiac disease antibody tests as
negative islet cell autoantibodies (ICA), glutamic acid decar-
boxylase 65 (GAD-65) autoantibodies, and insulinoma-as-
sociated protein-2 (IA-2). Informed consent was obtained
from parents or legal guardians of all children enrolled in
the study. The study was performed in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of Osijek University Hospital and the Faculty of
Medicine, University of Osijek.

Methods

Blood samples were collected in two tubes. Clot acti-
vator tubes (Becton, Dickinson, and Company, Franklin
Lakes, NJ, USA) were used for CRP, glucose, HMGBI1,
and autoantibody against 3 cell determination. Samples
were centrifuged for 10 minutes at 1500 g. K.EDTA tubes
(Becton, Dickinson, and Company, Franklin Lakes, NJ,
USA) were used for WBC count and haemoglobin A
(HbA, ) measurement. Blood samples were collected in
the fasting state according to the recommendations of the
Clinical Laboratory Standard Institute (CLSI) between 7:00
and 9:00 a.m. [16]. All tests were performed immediate-
ly, except those for HMGB1 and autoantibodies against
B cells. For the determination of HMGB1, serum samples
were collected within the first 24 hours of the diagnosis of
T1DM and were aliquoted and stored at —80°C. The mea-
surements were performed within three months of the sam-
pling. For determination of islet cell autoantibodies (ICA),
glutamic acid decarboxylase 65 (GAD-65) autoantibodies
and insulinoma-associated protein-2 (IA-2) aliquoted serum
samples were stored at —20°C overnight and the analyses
were performed the following day. CRP was measured by
immunoturbidimetric assay (Roche Diagnostics GmbH,
Mannheim, Germany), and glucose was measured by enzy-
matic method (Beckman Coulter Inc., Brea, USA), both us-
ing a Beckman Coulter AU480 analyser (Beckman Coulter
Inc., Brea, USA). WBC count was determined using a Sys-
mex SF-3000 automated haematology analyser (Sysmex
Corporation, Kobe, Japan) while HbAlc was determined
by the immunoturbidimetric method on a Dimension EXL
with an LM analyser (Siemens Healthcare Diagnostics Inc.,
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Newark, USA). Determinations of GAD-65 and IA-2 anti-
bodies were performed manually by commercial ELISA
kits (EUROIMMUN, Germany) on STAT FAX 2100 mi-
croplate reader (Awareness Technology Inc., Palm City,
FL, USA). The cut-off for positive results in Croatia is
5 kU/I for GAD-65 and 10 kU/L for IA-2 antibodies fol-
lowing the international harmonisation programme (DASP;
Diabetes Antibody Standardisation Program). Detection of
ICA autoantibodies was done by indirect immunofluores-
cence assay on frozen sections of blood type 0 human pan-
creas using indirect immunofluorescence method. ICA val-
ues of > 10 Juvenile Diabetes Foundation (JDF) units were
considered positive. These autoantibodies were measured in
the ISO 15189:2006 accredited Medical Laboratory, Insti-
tute of Clinical Chemistry, University Hospital “Merkur”,
Zagreb, Croatia. The quality of the performance of the meth-
od was validated through the participation in Immunology
of Diabetes workshops and proficiency testing programmes
of the University of Florida (Gainesville, FL), where these
assays achieved 95% sensitivity, specificity, consistency,
and validity. Finally, enzyme-linked immunosorbent assay
(ELISA) was used for manual determination of HMGB1 on
a Labsystems iEMS Reader MF analyser (Labsystems Oy,
Helsinki, Finland) as prescribed. The manufacturer specifies
that the assay has an intra- and inter-assay coefficient of
variation (CV) of less than 10%. Sample stability was con-
firmed using five samples, which were retested after storage
at —80°C for three months. The determined CV was less than
6%. BMI was calculated by dividing weight in kilograms by
height measured in metres on medical scale and performed
by a trained nurse. During measurements each child was in
a standing position, in light clothes, and barefoot.

Statistical analysis

Categorical data are represented by absolute and rela-
tive frequencies. The numerical data are described by the
median and the limits of the interquartile range. Variations
of category variables were tested by Fisher’s exact test.
Normality of the distribution of numeric variables was
tested by the Shapiro-Wilk test. Differences in numeric
variables between the two independent groups were tested
by Mann-Whitney U test. The correlation rating is given
by Spearman’s coefficient of correlation Rho. All p values
were two-sided. The level of significance was set to alpha
(o) = 0.05. For statistical analysis, the statistical program
MedCalc Statistical Software version 17.8.2 was used
(MedCalc Software bvba, Ostend, Belgium; http://www.
medcalc.org; 2017).

Results

Our case-control study included 136 children, in-
cluding 96 (70.5%) with newly diagnosed T1IDM and 40
(29.5%) controls — healthy children, without T1DM, auto-
immune, or any acute infectious or inflammatory diseases.

Table 1. Demographic and clinical characteristics of study
groups (N =136)

Factor Median (interquartile range)  p-value’

T1DM Control

group 1° group

n =96 n=40
Age (years) 12 (8-14) 13 (13-17) 0.09
BMI (kg/m?) 17.1 (14.9-21.3) 169 (15.1-18.1)  0.11
HbA, (%) 7.9 (7.2-8.6) 5.1(4.7-5.5) 0.03
HMGBI (ug/l) 8.7 (5.0-9.8) 1(0.6-1.4) <0.001
CRP (ug/l) 0.8 (0.5-1.3) 0.7 (0.2-1.2) 0.12
WBC (10° cells/I) 6.1 (4.9-7.1) 7(5.9-8.1) 0.05

BMI — body mass index, HbA, — haemoglobin A, , HMGBI — high-mobility group
box 1 protein, CRP — C-reactive protein, WBC — white blood cells, "T1DM —
type 1 diabetes mellitus, group 1 — children with TIDM, "Mann-Whitney U test

The demographic and clinical characteristics are de-
scribed in Table 1.

There were no significant differences in age (p = 0.09)
and BMI values (p = 0.11) between group 1 and the control
group. Group 1 diabetics had significantly higher levels
of glycated haemoglobin (HbA ) compared to the control
group (p = 0.03) (Table 1). In comparison to the control
group, subjects with diabetes had significantly higher lev-
els of HMGBI1 (p < 0.001); however, the levels of CRP
and WBC were not different (Table 1).

Nonetheless, no correlation was found between
HMGB1 and HbA, in group 1 with TIDM (Spearman’s
coefficient of rank correlation: rho =-0.081; p = 0.44; 95%
CI: -0.276-0.122). Similarly, no correlation was found be-
tween HMGB1 and BMI (Spearman’s coefficient of rank
correlation: rho = 0.073; p = 0.48; 95% CI: —0.130-0.269).
To assess the intensity of the autoimmune response against
pancreatic f3 cells, we measured the serum level of autoan-
tibodies. Complete measurements of GADA-65, IA-2, and
ICA were available for the 96 children with TIDM. Of the
96 children with TIDM, 58.3% were GADA, 44.8% were
IA-2 positive, and 82.9% were positive for ICA. A statis-
tically higher percentage of positive children for GADA,
IA-2, and ICA antibodies were present in group 1 com-
pared to the control group (p < 0.001) (Table 2).

In Group 1 (n = 96), we also tested serum levels of
HMGBI1 and the presence of autoantibodies, and none
of those antibodies correlated with the level of HMGB1
(Table 3).

Discussion

In our case-control study children with T1DM had one
or more B-cell-specific autoantibodies in their serum. All
of the tested antibodies (GAD-65, IA-2, ICA) were, as ex-
pected, significantly more positive in children with TIDM
compared to the control group with healthy children, in
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Table 2. Distribution of children according to the presence
of autoantibodies in studied groups (N = 136)

Autoanti- Number (%) of children p-value’
bodies TIDM  Control  Total
group 1° group
GAD-65
Negative 40 (41.7) 40 (100) 80 (58.8) < 0.001
Positive 56 (58.3) 0 (0%) 56 (41.2)
1A-2
Negative 53(55.2) 40 (100) 93(68.3)  <0.001
Positive 43 (44.8) 0 (0%) 43 (31.7)
ICA
Negative 17(17.1)  40(100) 57 (41.9) <0.001
Positive 79 (82.9) 0 (0%) 79 (58.1)

GAD-65 — glutamic acid decarboxylase 65 autoantibodies, IA-2 — insulinoma-
associated protein, ICA — islet cell autoantibodies, “TIDM — type I diabetes
mellitus, group 1 — children with TIDM, "Fisher’s Exact Test

Table 3. Comparison of the presence of autoantibodies
with the HMGB1 serum levels in group 1 (N = 96)

Autoanti- Median (interquartile range) p-value’
bodies HMGBI (pg/)

Negative Positive
GAD-65 8.7 (6.65-10.1) 8.7 (5.3-9.9) 0.61
1A-2 8.7 (5.3-9.9) 8.7 (5.5-10.0) 0.69
ICA 9 (7.7-10.1) 8.6 (5.3-9.9) 0.48

GAD-65 — glutamic acid decarboxylase 65 autoantibodies, IA-2 — insulinoma-
associated protein, ICA — islet cell autoantibodies, "Mann-Whitney U test

whom normal (negative) antibody values were expected.
However, the level of HMGB1 and the level of antibodies
did not correlate.

T1DM is a chronic disease in which genetic predispo-
sition and environmental influences, predominately early
in life, induce pancreatic B-cell autoimmunity, resulting in
loss of function and destruction. Once -cell autoimmunity
is established the progression towards clinical type 1 dia-
betes may be classified into three stages: (1) asymptomatic
B-cell autoimmunity with normoglycaemia, (2) asymptom-
atic B-cell autoimmunity with dysglycaemia, and (3) symp-
tomatic type 1 diabetes mellitus [17]. One or more f-cell
autoantibodies are present in 90% of children with T1IDM.
The measured levels of antibodies in our study are similar
to those seen in previous studies, where insulin antibodies
were expressed first, especially in younger children [18].
This finding highlights that HMGB1 has potential impor-
tance as a TIDM inflammation biomarker and therefore
supports the possibility of identifying T1DM high-risk in-
dividuals and achieving successful prevention by affecting
a potential therapeutic target.

This case-control study has some notable limitations,
such as the relatively small number of children involved,
non-random selection of the study groups, and the com-
parison of TIDM children only to those without any in-
flammation. Recent studies have proposed that HMGB1 is
a crucial mediator in the pathogenesis of many diseases,
such as sepsis, cancer, chronic kidney disease, and autoim-
munity diseases like arthritis, vasculitis, and lupus [19, 20].
All of these conditions are linked to inflammation. Given
that T1DM is also an inflammatory process, it is reasonable
to expect higher concentrations of HMGBI.

Han et al. [10] showed in animal studies that HMGB1
functioned as a potent innate immune mediator contribut-
ing to autoimmune progression during T1DM development.
These researchers also showed that HMGB1 could be pas-
sively released from damaged pancreatic {3 cells or secreted
by islet infiltrated auto reactive immune cells. They also
found that blocking HMGBI1 significantly inhibited insu-
litis progression and diabetes development in NOD mice.
These results may be of interest for developing novel thera-
peutic strategies to mitigate or prevent T1DM and, to some
extent, justify the potential value of its measurement.

Another study by Arrigo et al. [21] demonstrated the
important role of HMGBI in the inflammatory process as-
sociated with childhood obesity. They observed extremely
high values of HMGB1 in obese children, connected with
IL-6, TNF-a, IL-18, resistin, and adiponectin and in correla-
tion with BMI. However, our HMGB1 concentrations did
not correlate with BMI values. This finding maybe observed
because the BMI values in our T1DM children were notably
lower than those from previous studies, reducing the weight
of inflammation due to obesity in our case. This result also
supports the assumption of higher concentrations of HMGB 1
caused by T1DM inflammation in our case. Interestingly, no
correlation was observed between HbA, and HMGBI, de-
spite the positive correlation between them observed in some
previous studies, albeit on adults with T2DM [22, 23].

HMGBI1 protein is relatively specific for autoimmune
diseases according to reference [24], which is not the case
with other, less specific inflammatory markers like CRP,
so it may represent a more advantageous potential marker
of disease activity. Additionally, in murine models of dia-
betes HMGB1 blockade protects against the development
of diabetes. This indicates that HMGB1 might be the early
driver of pancreatic cell destruction. Our results are consis-
tent with such a possibility but would need vigorous further
testing, perhaps using anti-HMGB 1-directed treatment in
the clinical setting of TIDM prevention.

Implications of the results for clinical practice

The results of this study can significantly contribute to
a better understanding of the pathogenetic mechanisms of
T1DM, which provides a basis for the development of new
and more effective therapeutic approaches in all stages of
treating children with TIDM.
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Conclusions

In conclusion, our results show significantly higher
values of HMGBI1 in children with TIDM compared to
the control group. To the best of our knowledge, this case-
control study is the first to demonstrate a relationship be-
tween HMGB1 and T1DM in children. Further studies are
needed to confirm our preliminary results, to determine
the timing of the appearance of HMGBI in disease devel-
opment, and to clarify the role of HMGBI1 in the pathoge-
nesis of autoimmune initiation in TIDM.

The authors declare no conflict of interest.
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