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B nocaednue 20061 dokazaro, 4umo noaumopghHosi0epHble NAeUKOUUMbL USPAIOM 8AXNCHYIO POAb 8 pazsumuu caxaproezo duabema (CI).
Lucynkyus neiimpoghunoe cnocobcmeyem nospeicoeHuio MKanu nooiceayO0uHOl Jceessl, d MAKIce NOGbIUEHHOI G0CHPUUMYL-
eéocmu k ungexyuu npu C/I 1 muna (CA1).

Ieav. Uzyuenue gpynkyuonanvroii akmusrHocmu HetimpoguavHuix epanysoyumos (HI) npu C 1y demeii.

Mamepuaavt u memoowt. Qbcaedosano 25 demeit 6 6o3pacme om 7 do 15 nem. Jlns ouenku npoepammupyemoii Kaemounoi eubeau
evLa6as1uU Koauwecmeo HT, axcnpeccupyrowux mapkepst anonmosa (CD95, CD9SL, Bcl2). @yukyuonanvhyto akmusnocms HI onpe-
deasinu no nokazamensm (azoyumosa, ypoeHo MUeAonepoKcudasst, AU30COMAAbHbIX KAMUOHHBIX 0AK08, AKMUBHbIX pAOUKAN06
Kucaopoda.

Pesyavmamui. Yemanosaeno chusxcenue 6axmepuyuonoii akmuerocmu HI ¢ degpuyumom noerowenus, cekpeyuu aKmueHblx paou-
Kano06 Kucaopoda, yrnkyuonansHoeo pezepaa. Ilokazano yseauuenue 20mogHoCmU K anONmMo3y, Ymo cOnpo8oi#coanoch NOBbIULeHUEM
axcnpeccuu CD95, cuuncenuem — Bel2. Boisieaero yseauueHue yumomokcu4eckoeo NOmeHyuana Heiimpopuios 6 eude noewlileHus
YPOBHS MUEAONEPOKCUOA3bL U NUZ0COMANbHBIX KAMUOHHBIX OENK08.

3akarouenue. Yeeauuenue anonmomuueckozo homenyuanra HI na gpone gpynkyuoHasbHo-memadosueckux usmeHeHuii Mojcem s16-
AAMbCS OMPANCEHUEM UX AKMUBHO20 808ACHEHUS 8 UMMYHONAMO2eHe3 3a001e6aHU.

Karouesvte caoea: caxaprulii duabem; Helimpoguasl; hacoyumos; Mueaonepokcuoasza,; Au30coOMAatbHble KAMUOHHble OeaKU; oKcuoas-
Hasl GKMUBHOCMb; ANONIMO3
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In recent years, polymorphonuclear leukocytes have been proven to play an important role in the development of diabetes melli-

tus (DM). Neutrophil dysfunction contributes to pancreatic tissue damage as well as an increased susceptibility to infection in type 1
DM (T1DM) patients.

Objective. The objective of this study was to investigate the functional activity of neutrophil granulocytes (NGs) in children with TIDM.

Materials and methods. This study involved 25 children aged 7—15 years. To evaluate programmed cell death, the number of NGs
expressing apoptosis markers (CD95, CD95L and BCL2) was determined. The functional activity of NGs was determined in terms of
phagocytosis and the levels of myeloperoxidase, lysosomal cationic proteins and active oxygen radicals.

Results. A reduction in the bactericidal activity of NGs with deficiencies in phagocytosis, secretion of active oxygen radicals and func-

tional reserve was found. An increase in the apoptotic potential of NGs was demonstrated, which was accompanied by an increase in

CD95 expression and a decrease in BCL2 expression. An increase in the cytotoxic potential of neutrophils in the form of enhanced levels
of myeloperoxidase and lysosomal cationic proteins was revealed.

Conclusions. Therefore, an increase in the apoptotic potential of NGs associated with functional and metabolic changes may reflect the
active involvement of NGs in the immunopathogenesis of T1DM.
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found to play an important role in the development of  phonuclear leukocytes (PMNLs), preceding disease onset and

diabetes mellitus (DM) [1, 2, 3]. The involvement of accompanying the development of type 1 DM (T1DM), has
neutrophils in the destruction of pancreatic -cells and the been demonstrated, which may be related to PMNL accumu-
pathogenesis of microvascular damages has been demon- lation in the exocrine pancreas [3].
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It has been found that in the early stages of the de-
velopment of insulitis, directed migration of leukocytes to
the pancreas occurs, and these cells are capable of local
secretion of proinflammatory cytokines as well as cytotoxic
enzymes and active oxygen radicals that trigger apoptosis
and necrosis of -cells [5]. Hyperglycaemia is considered
to be one of the factors that increases the destructive po-
tential of NGs [6]. The role of PMNLSs in the development
of diabetic angiopathy and retinopathy has been demon-
strated [7, 8]. Data on the involvement of neutrophils in
the pathogenesis of diabetic nephropathy have been ob-
tained. In patients with diabetes, tubular and mesenchy-
mal renal cells were found to produce a large amount of
chemokines, potentiating the influx of leukocytes, their
adhesion and subsequent synthesis of proinflammatory cy-
tokines; this led to glomerular sclerosis and fibrosis of the
interstitium [9].

In T1DM patients, studies have detected defective che-
motaxis, low bactericidal activity of neutrophils, abnormal
production of superoxide and leukotrienes, secretion of
lysosomal enzymes and also changes in the basal level of
intracellular calcium [10, 11]. Very little is known regard-
ing apoptosis of PMNLs in TIDM. Early studies revealed
an increase in the neutrophil apoptosis rate [12] and were
focused on the inability to delay apoptosis of these cells in
T1DM patients on stimulation with a lipopolysaccharide
[12, 13]. Hyperglycaemia was suggested to increase apop-
tosis of NGs [1]. Later, a reduction in apoptosis of PMNLs
was demonstrated in clinical and experimental studies. This
reduction likely promotes the accumulation of neutrophils
in inflammatory exudates, leading to tissue damage as well
as predisposing TIDM patients to prolonged staphylococ-
cal infections [1, 2].

NGs are the main cells involved in innate immunity,
and a change in their structural or metabolic status is the
basis of low resistance to infection observed in DM patients
and thus their susceptibility to infectious diseases [2, 3, 14].
A frequent cause for seeking medical care among DM pa-
tients is an infection of the ear, nose and throat and respira-
tory tract, genito-urinary and gastrointestinal tracts or skin
and soft tissues [14].

Despite the obvious significance of the problem, the role
of PMNLs in the development of TIDM in children has not
been established definitively. Moreover, the involvement of
NGs in the genesis and development of the disease is still
debated. The available literature demonstrates impairment
of neutrophil cell death in terms of both activation and inhi-
bition. Further investigation of apoptosis markers expressed
by peripheral blood neutrophils and their functional status
is of great clinical importance, because their impairment
promotes pancreatic tissue damage as well as an increased
susceptibility to infections in TIDM patients.

Aim

The objective of this study is to investigate the func-
tional activity of and apoptosis markers expressed by NGs
in children with TIDM.

Material and methods

Twenty-five children with TIDM between the ages of
7—15 years were examined (Table 1). Patients were divided
into groups depending on disease duration. Group I in-
cluded 12 children with a disease duration of less than 3
years. The mean age of patients in Group I was 9.7 £ 0.42
years, and the mean disease duration was 1.7 £ 0.49 years.
Group II included 13 children with a DM duration of more
than 3 years. The mean age of children in Group II was
13.3 £ 0.99 years, and the mean disease duration was 7.1 £
0.88 years. The glycated haemoglobin level reached 11.3 =
0.90% in Group I and 10.0 = 0.71% in Group II. The con-
trol group included 15 healthy children between the ages of
7 and 15 years. All patients or their parents provided written
informed consent for participation in the study.

To assess programmed cell death, the numbers of NGs
expressing apoptosis markers were determined. Neutrophils
were isolated via a Ficoll-Paque and Ficoll-Urografin (GE
Healthcare, Sweden) double density gradient. The cell sus-
pension was washed three times with RPMI-1640 medium
(Vector-Best, Russia). In neutrophil cultures, the number
of cells expressing CD95, CD95L and BCL2 receptors was
evaluated by flow cytometry using monoclonal antibodies
(Invitrogen, USA).

The phagocytic index was determined by the ability of
NGs to absorb melamine—formaldehyde latex particles.
The level of the oxygen-dependent bactericidal activity
of NGs was evaluated using the nitroblue tetrazolium test
(NBT) according to the number of formazan-containing
cells (formazan-positive cells). The level of lysosomal
cationic protein (LCP) was determined according to the
Shubich method, and the myeloperoxidase (MP) level
was determined by the Graham—Knoll method. The mean
cytochemical coefficient was calculated according to the
method of Astaldi.

The assessment of comorbid infectious and inflam-
matory diseases was performed on the basis of clinical ex-
amination at a specialised department and an analysis of
medical history records from a children’s polyclinic, taking
into account the results of dispensary observation by the
pediatrician, otolaryngologist and dermatologist.

The Primer of Biostat 4.0 and Attestat 10.5.1 software
packages were used for the statistical analysis of data. To as-
sess intergroup differences, a repeated measures analysis of
variance with calculation of the Newman—Keuls and Dunn
criteria was used. An analysis of the qualitative characteris-

Table 1
Characteristics of clinical groups
Group | Group Il
Parameter (n=12) (n=13)
Mean age, years 9.7 £0.42 13.3+0.99
Mean disease duration, years 1.7 +£0.49* 7.1+£0.88
HbA,, % 11.3+0.90 10.0£0.71

HbA, - haemoglobin Alc; * p <0.05 - significantly different
compared with Group Il (Newman—Keuls test, Dunn test)
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Table 2

Parameters of functional activity of neutrophil granulocytes in children with type | diabetes mellitus

Parameter Group I (n=12) Group Il (n=13) Control group (n = 15)
Phagocytosis, % 82.6+2.33 72.9£2.35* ** 81.0+1.65

CP, a.u. 1.8+0.04* 1.7+0.05* 1.4%0.03

MP, a.u. 2.5+0.03* 2.7+0.07* ** 2.1+0.02

NBT, % 3.0£0.41* 3.6+£0.58* 7.7+0.7

SI NBT, a.u. 2.5+0.37 1.7+0.36* ** 2.6 £0.05

CP — cationic proteins, MP — myeloperoxidase, NBT — formazan-positive cells, S| NBT — stimulation index in the NBT test; *p < 0.05 -
significantly different compared with the control group, * *p < 0.05 - significantly different compared with Group | (Newman—Keuls test,

Dunn test).

Table 3

Expression neutrophil granulocyte apoptosis markers in children with type | diabetes mellitus

Apoptosis marker Group | (n=12) Group Il (n=13) Control group (n=15)
CD95, % 77.6 (71.15-83.99)* 87.93 (84.24-91.63)* ** 58.43(54.95-1.90)
CD95L, % 9.5(8.14-10.92)* 12.1(10.22-13.96)* ** 7.3 (6.46-8.09)
BCL2, % 3.99 (2.9-5.08) 2.78 (2.36-3.19)* 5.38 (4.21-6.55)

CD95 - the apoptosis-mediating receptor, CD95L — a ligand of the CD95 receptor, BCL2 — the receptor of apoptosis resistance; *p < 0.05 —
significantly different compared with the control group; **p < 0.05 - significantly different compared with Group | (Newman—Keuls test,

Dunn test).

tics was performed using the 2 criterion. Quantitative val-
ues with a normal distribution are presented as mean * the
standard error of the mean (X * sx); parameters character-
ised by an abnormal distribution are presented as the me-
dian and the interquartile (25th and 75th percentiles) range
[Me (Q1—Q)]. The differences were considered significant
atp <0.05.

Results

The study of the functional activity of PMNL revealed
a reduction in phagocytosis in children with a disease du-
ration of more than 3 years (72.9 + 2.35%, p < 0.05). In
patients with a TIDM duration of less than 3 years, phago-
cytosis parameters did not differ from those in the control
group (Table 2).

According to the spontaneous NBT test, NG oxidase
activity parameters were significantly decreased, and the
functional reserve level (SI NBT) was reduced in children
with a TIDM disease duration of more than 3 years com-
pared with that in the control group.

A comparison of NG functional activity parameters re-
vealed lower phagocytosis (p < 0.05) and lower SI NBT test
(p < 0.05) parameters (Table 2) in children with a TIDM
duration of more than 3 years compared with those in chil-
dren with a disease duration of less than 3 years.

Patients in both groups were found to show increases in
cytological and enzyme chemical parameters, such as the
levels of MP and LCPs, compared with the control group,
with MP levels being higher in children with a disease dura-
tion of more than 3 years.

An analysis of apoptosis markers revealed an increase
in the expression of pro-apoptotic CD95 markers and a de-
crease in the expression of anti-apoptotic BCL2 markers in
children with TIDM (Table 3). The maximum expression

of CD95 was detected in children with a disease duration of
more than 3 years.

An increase in the percentage of PMNLs expressing
CD95L on their surface was found, and the highest expres-
sion was detected in children with a disease duration of
more than 3 years.

The development of comorbid infectious and inflam-
matory diseases was observed in 72% of children enrolled in
the study, and this percentage was higher than the percent-
age of the control group with respect to similar character-
istics (20%; p < 0.05)’ or ‘and this percentage was higher
than the frequency of similar characteristics in the control
group (20%; p < 0.05).

Frequent respiratory infections were detected in chil-
dren in both Groups I and II (Table 4). Chronic tonsillitis
was diagnosed in 33.4% of children in Group I and in 30.8%
of children in Group II. Chronic maxillary sinusitis was ob-
served only in children in Group II (23.1%). Urinary tract
infections were confirmed in a few cases. Cystitis was de-
tected in 8.3% of children in Group I and in 7.7% of chil-
dren in Group II. Chronic pyelonephritis was diagnosed only
in children in Group II (15.4%). Skin diseases occurred in
16.7% of children in Group I and in 41.7% of children in
Group II. The pathologic structure included streptodermas
in 16.7% of children in Group I and in 15.4% of children in
Group II, recurrent herpes infections in 23.1% of children in
Group II and allergic dermatitis in 8.3% of children in Group
Iand 23.1% of children in Group II. In single cases, children
in Group I (8.3%) were diagnosed with candidiasis of the oral
mucosa. In children with a TIDM duration of more than 3
years, repeated episodes of stomatitis (23.1%) were observed.

A comparison of the frequency of infectious and inflam-
matory diseases depending on disease duration revealed
higher frequencies in children with a TIDM duration of
more than 3 years. However, significant intergroup differ-
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Table 4

Comorbid diseases in children with type | diabetes mellitus depending on disease duration

. . (%, percentage of children)
R CULLETE Pathology Group | (n=12) [Groupll (n=13) Control group (n=15)
Frequent acute respiratory viral
URT infections infections 58.3 (7) 53.8 (7) 20.0 (3)
Recurrent bronchitis 16.7 (2) 23.1 (3) -
. . Chronic tonsillitis 33.4 (4) 30.8 (4) 13.3(2)
SIS Chronic maxillary sinusitis - 23.1 (3) -
Allergic dermatitis 8.3 (1) 23.1 (3) -
Di £ the skin and Pyodermia 16.7 (2) 15.4(2) -
Iseases of fhe skin an Mucocutaneous herpes - 23.1 (3) 6.7 (1)
subcutaneous tissue = =
Chronic pyelonephritis - 15.4 (2) -
Cystitis 8.3 (1) 7.7 (1) -
Intestinal giardiasis 8.3 (1) - -
. . . Functional dyspepsia 16.7 (2) 15.4 (2) 6.7 (1)
Urinary tract infections Mucosal candidiasis 16.7 (2) 15.4 (2) -
Stomatitis - 23.1(3) -

URT - upper respiratory tract, ENT — ear, nose and throat

ences were not obtained, which was probably due to small
sample sizes.

Discussion

The structural and metabolic status of PMNLs is known
to be inextricably related to their physiological functions
and to represent the sum of their activation, adhesion, che-
motaxis, antigen uptake and their killing and breakdown.
We found a reduction in the number of phagocytic cells in
children with a T1DM duration of more than 3 years, which
is consistent with the results of most studies on phagocytic
activity in TIDM [2, 10, 11].

Hyperglycaemia and hyperketonemia are known to be
able to contribute to the impairment of the phagocytic and
chemotactic function of PMNLs in DM, causing neutro-
phils to become spherical and to largely lose their ability to
form pseudopodia. These changes result in reduced adhe-
sion and migration of NGs and hindered phagocytosis and
capping [4].

The present study demonstrated a reduction in the
parameters of the spontaneous and stimulated NBT test
in children with TIDM that may be associated with the
impaired degranulation process, which is a coagulation
of specific and azurophilic granules of PMNLs with their
phagosomes. Degranulation is known to be an energy-
consuming process. Under experimental conditions, a sig-
nificant reduction in the level of glycogen, inhibition of
its synthesis and a decrease in the activity of key enzymes
of the anaerobic glucose oxidation and pentose cycle were
found in PMNLs in DM, leading to a decrease in the intra-
cellular level of ATP [15].

A comparison of NG functional activity parameters in
the group of children with a T1DM duration of more than 3
years revealed lower phagocytosis and SI NBT test param-
eters compared with those in children with a disease dura-
tion of less than 3 years, which is probably related to disease
duration and functional depletion of NGs [16].

Patients in both groups were found to exhibit an in-
crease in cytological and enzyme chemical parameters,
such as the levels of MP and LCPs, compared with the con-
trol group, with MP levels being higher in children with a
disease duration of more than 3 years. Our findings likely
indicate an increase in the bioaggressive potential of pe-
ripheral blood neutrophils in children with TIDM due to
the increased production of hypochlorous acid and cationic
proteins. The most cytotoxic products of MP are known to
be hypochlorous acid and hypochlorite anions, which are
the major damaging agents in biological systems [17].

We found that the progression of DM in children is ac-
companied by an increase in the percentage of neutrophils
expressing apoptosis markers (CD95) and a decrease in the
proportion of cells expressing anti-apoptotic proteins on
their surface. The most pronounced activation of apoptosis
was observed in the group of children with a disease dura-
tion of more than 3 years. According to the literature, the
intensity of neutrophil apoptosis in DM may be low [18, 19]
or high [12, 13, 20]. PMNLs of DM patients did not dem-
onstrate a reduction in apoptosis induced by bacteria and a
lipopolysaccharide [13]. It is believed that impairment of
glucose and glutamine disposal may be a factor predispos-
ing PMNLs to apoptosis [2]. However, there are also data
in the literature demonstrating a decrease in the rate of NG
apoptosis in DM that likely initiates chronic inflammation
processes, causing damage to the pancreatic tissue [18, 19].

The present study revealed an increase in the percentage
of cells expressing CD95L on their surface, and this increase
may contribute to the enhanced programmed cell death
among pancreatic islet p-cells infiltrated with leukocytes.
The highest expression levels were observed in children with a
disease duration of more than 3 years. Therefore, an increase
in the NG apoptotic potential associated with functional and
metabolic changes is a reflection of the active involvement of
NGs in the immunopathogenesis of TIDM. Overexpression
of certain markers of the biocide capacity of PMNLSs in the
form of an increase in the levels of MP and LCPs was found
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to be accompanied by an increase in their apoptosis that may
be associated with a change in the glutamine metabolism in
NGs on the development and progression of DM.

At the same time, a reduction in the bactericidal activ-
ity of neutrophils with deficiencies in phagocytosis, secre-
tion of active oxygen radicals and functional reserve was
found. The degree of functional insufficiency depended on
disease duration, and the greatest increases were observed
in children with a T1DM duration of more than 3 years.

PMNLs are known to represent a link between in-
nate and adaptive immunity and to play a leading role in
antibacterial protection. Impairment of their functional
competence in children with TIDM is one of the factors
predisposing these patients to the development of infec-
tious diseases. T1DM patients in the present study had an
increased susceptibility to infectious diseases, which is con-
sistent with the findings of previous studies [2, 3, 14].

Conclusions

1. NGs in children with TIDM are characterised by a high
readiness to apoptosis and low bactericidal activity with

Diabetes mellitus. 2014;(3):77-82

deficiencies in phagocytosis, production of active oxygen
radicals and functional reserve.

2. An increase in CD95L expression by NGs in TIDM
patients may contribute to an increase in programmed
cell death among pancreatic islet $-cells infiltrated by
immunocompetent cells.

3. Signs of the antigenic stimulation of PMNLs and an
increase in their cytotoxic potential in TIDM are
identified in the form of activation of their metabolic
activity with an increase in the levels of MP and LCPs.
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