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Abstract. Aim — The establishment of mechanisms for T1D development at early and late preclinical stages of
disease formationin children and adolescents. Material and methods. At the State Institution «V.P.Komisarenko
Institute of Endocrinology and Metabolism of NAMS of Ukraine» mentioned the Program «Immunity in the
preclinical period of T1D development» was initiated, on the basis of which the Register of marker-positive
children with predictable development of type 1 diabetes was created, which includes 612 children aged from
7 to 15 years with burdened heredity, in which the titer of diabetes-associated autobodies (DAA), cytokines,
levels of basal and postprandial glycemia and secretion of C-peptide at preclinical and clinical stages of T1D
development in children and adolescents based on the performed clinical and immunological study. Results.
The new data have been obtained at the State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of NAMS of Ukraine», which allowed to substantially supplement the existing ideas about the type
1 diabetes (T1D) pathogenesis. As a result of the performed study, a group of marker-positive children with
burdened heredity and a predicted risk of developing the disease was formed. It was found that an increased
titer of DAA was observed in 162 (35.45%) of 457 children with burdened heredity with no less than two
times determination of DAA presence in them, mainly GADA and IA-2A, the clinical debut was manifested in
86 (53.08%) of them from 6 months to 16 years (27.4+4.3 months). The formula of combined occurrence and
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values of simultaneously increased DAA titers to islet autoantigens, namely IA-2A + GADA, was determined,
which is a predictor of both the duration of preclinical stage of T1D development and the debut rate. Impaired
cytokine production (increase of the level of proinflammatory cytokines IL-Ta, IL-6 and TNFa, IL-8 and IL-16
while reducing the concentration of IL-4 in the PB) as key factors of the T1D pathogenesis, which determine
the rate of T1D debut, and the aggressiveness of its course were also established. It was found that the early
preclinical period of T1D development in DAA+ children was characterized by the presence of dysglycemia in
the form of increased glycemia in 2 hour after the glucose tolerance test and a slight decrease in secretion of
stimulated C-peptide; in addition, dysglycemia in the form of impaired fasting glycemia was added in DAA+
children in the late preclinical period, and a decrease in both basal and stimulated secretion of the C-peptide
was determined, indicating that the potential of pancreatic beta cells was depleted. Conclusions. Data on the
establishment of mechanisms for T1D development at early and late preclinical stages of disease formation.
the identified significant changes in innate and acquired immunity, immunological, metabolic and hormonal
parameters are important both at the early and later preclinical stages of T1D development, indicating that the
period of chronologically increasing consecutive breakdowns in different links of immunity significantly ahead
time of the clinical debut of T1D, which can be used as predictors of the disease development. The Register of
marker-positive children with predictable development of type 1 diabetes was created.

Keywords: type 1 diabetes, children and adolescents, diabetes-associated autoantibodies (DAA), glutamic
acid decarboxylase autoantibodies (GADA), tyrosine phosphatase protein (IA-2A), cytokines, basal and

postprandial glycemia, basal and stimulated C-peptide.

Introduction

Type 1 diabetes (T1D) is classified as the
medical and social problems, which determine
the priorities for the development of modern
medicine, due to the constantly progressing an
increase in the incidence of this pathology, the
magnitude of its prevalence, early disability and
high mortality of patients [1]. The priority ac-
tuality of this problem causes the resonance of
clinical and immunological studies on the mech-
anisms of T1D evolution, and diagnosis at dif-
ferent stages of the disease formation and the
development of new approaches to its preven-
tion and treatment [2-9]. Studies of immunolo-
gical markers as predictors of T1D development,
which include the diabetes-associated autoanti-
body (DAA) to the islands of Langerhans (IL),
and cytokines, as selective screening in clinical
practice, are of primary importance [10-17].
The DAA determination has become an integral
clinical tool for predicting the possible develop-
ment of T1D in a still practically healthy sub-
jects, a more in-depth study of latent immu-
nological mechanisms in the latent preclinical
period, which leads to T1D manifestation in
humans and screening for selecting the pa-
tients to risk group long before of their di-
sease development [18, 19]. The widespread

204

introduction of DAA study into the practice of
clinical endocrinology and the standardization
of methods for their determination according
to WHO protocols resulted in the creation of
national multicenter long-term programs for
studying the mechanisms of preclinical T1D
development [20]. Until recently, the prospec-
tive studies on the identification of patients
positive for DAA content at the latent stage of
disease formation in children and adolescents
with burdened heredity in relation to T1D, and
the state of carbohydrate metabolism and insu-
lin-producing function were not performed in
Ukraine. The directions of our study vector are
also due to the fact that the scientific literature
data available to date mainly cover the analy-
sis of similar indicators of immunity in children
diagnosed with both newly and long-term diag-
nosed T1D, while an information on the state
of immune mechanisms in preclinical latent pe-
riod of this pathology development is extreme-
ly limited and contradictory. The actuality for
studying the clinical and immunological aspects
of T1D development and preclinical diagnosis
in children and adolescents was caused by the
above-mentioned data.

The purpose is to establish the clinical and
immunological mechanisms of type 1 diabetes
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pathogenesis at the early and late preclinical
stages of its development, and to develop the new
approaches to preclinical diagnosis of the disease
in children and adolescents.

Material and methods

To assess the state of carbohydrate metabolism,
the level of fasting venous plasma glucose was
determined using the glucose oxidase method
in an accredited laboratory. Capillary or venous
plasma glucose levels were evaluated by the
glucose oxidase method or the Supreme Petit
glucometer with Hypoguard Supreme strips. If
fasting glycemia was measured in whole blood,
the corresponding plasma glucose concentration
was calculated by the equation: Gfp=Gfcx1.11
(mmol/L), where Gfp is the fasting plasma
glucose concentration, Gfc is the fasting
capillary glucose concentration. Fasting glucose
limits in the capillary blood by this method
were 3.6-5.5 mmol/L. To exclude or confirm
the impaired carbohydrate tolerance, the oral
glucose tolerance test (OGTT) was performed
in all the examined subjects, according to the
method, given in order Ne 582 of the Ministry
of Health of Ukraine dated 15.12.2003. When
assessing OGTT results, glucose tolerance was
considered to be normal if its level in fasting
plasma was less than 6.1 mmol/L and 2 hours
after glucose loading — less than 7.8 mmol/L
then the condition was classified as impaired
glucose tolerance. If fasting glucose level did not
exceed 6.1 mmol/L, and after 2 hours ranged from
7.8-11.1 mmol/L, the condition was classified as
impaired glucose tolerance. The assessment of
compensation degree for impaired carbohydrate
metabolism in T1D development was performed
in accordance with the recommendations [21].
The level of glycated hemoglobin (HbAlc) in the
blood was examined to assess the compensation
of carbohydrate metabolism in children and
adolescents with T1D, and ascertaining the
metabolic marker presence at preclinical stage
of disease. HbAlc content was determined by
the BTS-330 Semi-Auto biochemical analyzer
using Glycated hemoglobin kit (Lachema,
Czech Republic). The radioimmunological
method to determine DAA: GADA, IA-2A, and
IAA was used for detecting the presence of an
autoimmune process in the pancreas. The number

of concentrations in examined DAA in the blood
was determined according to the manufacturer’s
instructions using special kits for detecting their
content (Immunotech, Czech Republic and CIS
Bio International, France) by the Beckman
5500B Gamma Counter (USA). The normal level
of autoantibodies — GADA and TA-2A was less
than 1 U/ml, and the level of autoantibodies —
IAA was less than 5.5 U/ml. The concentration
of different types of cytokines (IL-1a and B, 1L-4,
IL-6, IL-10, TNFa, IFNy) and chemokines (IL-8
and IL-16) in PB was studied by enzyme-linked
immuno sorbent assay (ELISA) using Stat Fax
3200 spectrophotometer (USA), and reagent kits
from Diaclone (France).

Radioimmunoassay (RIA) method was used
to determine the C-peptide content in the blood
of sick and healthy children. According to the
attached instructions, RIA kits were used for
determining the serum and plasma hormone
concentrations: IMMUNOTECH (Czech Repub-
lic), radioactivity was calculated by the Beckman
5500B Gamma Counter (USA).

The calibration curves were automatically
built. The results obtained were considered valid
if the coefficient of variation did not exceed 10%
within and between the series. Levels of C-peptide
within 0.644-2.83 ng/ml were considered normal.
Statistical analysis of the data was performed
on the grounds of Microsoft Excel and SPSS11
application packages (SPSS Inc., USA) using
parametric methods for statistical analysis. Under
the condition ofanormal distribution of data, they
are presented both in the form of arithmetic mean
values with a standard deviation as well as from
arithmetic mean value (M=*c), and mean values
and their standard error (M£m). Student’s t-test
was used to compare two groups according to
quantitative normally distributed by characters.
The differences were considered significant when
confidence level was p<0.05. All the statistical
calculations were performed at significance level
of 95%, p=0.05. The critical level of significance
for testing statistical hypotheses when comparing
groups was assumed to be 0.05.

Clinical characteristics of the examined
subjects. Within the State Program <«Diabets
mellitus» there were examined 612 children
and adolescents of both sexes aged from 7 to
15 years (mean age — 12.34%£0.82 year). Of
the 612 practically healthy children who were
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examined, the main group included 457 (74.67%)
childrenandadolescentswithnormoglycemiawho
had therelatives with first-degree of T1D: parents,
siblings. This group of children, according to the
radioimmunoassay performed for the presence
of simultaneously increased titers of DAA, such
as: TAA, TA-2A and GADA was divided into
two large subgroups. The DAA-positive group
consisted of 162 (35.45%) children; the necessary
inclusion criterion was the obligatory presence,
by the double determination, of simultaneously
increased titer of at least two types of DAA for Li
antigens, predominantly GADA and IA-2A ones.
The DAA-negative (DAA-) group consisted of
295 (74.32%) patients with a normal glycemic
level and the absence of simultaneously increased
titer of DAA during a double examination at the
beginning of a prospective observation. Another
group appeared as the logical chronological
completion of the autoimmune process in the
group of DAA-positive (DAA+) children — a
group of children with T1D debut. It was made
up of 86 (72.34%) children, who gradually
changed their «normoglycemic» DAA-positive
status of practically healthy children to the status
of patients with clinical debut of T1D during
6 monthes — 15 years (average 27.4+4.3 month).
Another large observation group consisted
of 143 patients with T1D of different disease
duration and degree of compensation. The
control group included 155 practically healthy
normoglycemic children (25.32%).

Results and discussion

The highest-frequency detection of all three
types of DAA was diagnosed in the DAA+
children group: TAA —in 149 (92.56%), GADA —
in 137 (84.61%), and T1A-2A — in 23 (76.59%)
children. TAA were identified in 73 (85.71%),
GADA — in 67 (78.26%), and TA-2A — in
35 (70.58%) children of the group of DAA+
ones with clinical debut of disease. IAAs were
detected in 53 (69.2%), GADA — in 65 (69.1%),
and TA-2A — in 47 (50%) children from the
group of patients with T1D debut who were not
included in clinical-immunological examinations.
There were found 33.3% of TAA, 46.6% of GADA,
and 33.3% of TA-2A in the group consisting of
15 children with T1D duration from 1 to 5 years.
In the group which included 14 children with
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disease duration more than 5 years [AA were
determined in 24,42%, GADA — in 35,71%,
[A-2A — in 14,8% of children, and in the group
of 10 children with disease duration more than
10 years TAA were detected in 12.07%, GADA —
in 24.12%, IA-2A — in 7.13% of children. As
one of the criteria for inclusion of children with
hereditary burden of T1D into DAA+ group
was the presence of combined double increase
of at least two types of DAA, the mean values
of the initial and final (pre-debut) levels of
DAA titers — TAA, GADA and TA-2A were
determined by us in children in the preclinical
period of T1D development. It was shown that
the highest titers of autoantibodies: TA-2A —
18.9621.95 U/ml, GADA — 17.26+1.95 U/ml,
TAA — 14.82+1.372 U/ml compared to similar
values in the group of DAA-positive children
at the early stage of T1D development:
[A-2A  —  6.83+0.88 U/ml (p<0.001),
GADA — 12.46+1.36 U/ml (p<0.001), TAA —
9.04+0.77 U/ml (p<0.001), and in children with
clinical debut of T1D: TA-2A — 12.65+1.40 U/ml
(p<0.001), GADA— 13.69=1.023 U /ml(p<0.001)
and TAA — 11.05:1.20 U/ml (p<0.05),
respectively, we received in the group of
DAA-positive children at the late preclinical
stage of T1D development which preceded to
the clinical debut of disease in the chronological
aspect.

The prospective pathogenetic priority of
elevated TA-2A and GADA titers was determined
comparing to TAA content at the preclinical
and early clinical stages of T1D development in
DAA+ children and adolescents. The significantly
highest titers of IAA, GADA, and TA-2A compared
with titers of DAA+ children at early stage of
T1D development and DAA levels of children
with a clinical debut of disease, respectively,
were noted in the group of DAA+ children at late
latent stage of T1D development, approximate
in time to the clinical debut of disease [24-26].
The reduced frequency detection of DAA and the
lower values of their levels were registered by us
in children with newly detected T1D compared
with the group of DAA+ children at the late
preclinical stages of disease development confirms
the completion of autoimmune destruction for
desensitizing autoantigens, and, as a result, a
decrease in previously elevated DAA titers, which
is confirmed in recent publications [17, 22-25].
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Determining the duration of preclinical
stage of type 1 diabetes development by
detecting the values of simultaneously raised
titers of DAA — TA-2A and GADA. The
prognostic significance for the combination of
increased IA-2A and GADA titers was identified
asthe major marker predicting T1D manifestation
and significantly predicts the duration of the
preclinical stage of disease development. When
analyzing the time of clinical debut of T1D in
86 DAA+ patients (Fig. 1), we found that clinical
debut of T1D occurred in 43 (50.00%) children
within the first 3 years from the moment of the
first determination of elevated titers of DAA, the
disease  manifestation was registered in
19 (22.10%) of patients in the period from 3 to
5 years after inclusion of patients in the group of
DAA+ children, in 14 (16.27%) of children the
newly onset T1D was diagnosed after 5 years and
in 10 (11.63%) — 10 years after the initial
simultaneous detection of high TA-2A and GADA
values in the blood of DAA+ patients.

50.00%

\‘— —— _I;;

OChildren and adolescents with duration of preclinical stage of TID up to 3 years
mPatients with duration of T1D preclinical stage of T1D from 3 to 5 years
B Children and adolescents with preclinical period of T1D from 5 to 10 years

OPatients with preclinical period of T1D more than 10 years

Fig. 1. Clinical manifestation of T1D in DAA+ children
depending on the duration of the preclinical stage of disease.

Analyzing the combination and the titer values
in the group of DAA+ children with a minimum
duration of preclinical stage of T1D up to 3 years,
a significant prevalence of tandem combination
of TA-2A and GADA with elevated titers was
determined as well as at early 7.57+1.14 U/ml;
14.897+2.44 U/ml and at the final stages of the
preclinical period of T1D development TA-2A —
19.11+2.48 U/ml; GADA — 18.096+2.71 U/ml,
respectively, compared with similar indicators,
such as TA-2A — 13.34+1.96 U/ml and GADA —
16.49+2.58 U/ml in the group of patients with

the type 1 diabetes debut (Fig. 2) compared
with similar values of DAA+ patients with
a duration of preclinical stage of T1D from
3 to 5 years (IA-2A — 5.75%1.06 U/ml and
GADA — 10.40+1.74 U/ml, p<0.05 and IA-2A —
9.81£2.17 U/ml and 11.71£3.84 U/ml, p<0.05,
respectively) compared to similar values, such
as TA-2A — 7.78%#1.03 U/ml and GADA —
11.05%£1.34 U/ml in the group of patients with
type 1 diabetes debut (Fig. 3) and in patients
with newly diagnosed T1D, where the latent
stage of disease development lasted from
5 to 10 years (IA-2A — 4.30+1.48 U/ml and
GADA — 3.84%1.13 U/ml, p<0.05 and TA-2A —
7.79+3.47 U/ml and GADA — 6.32+1.34 U/ml,
p<0.05, respectively) compared to similar values,
such as TA-2A — 6.43%+2.35 U/ml and GADA —
5.08+1.23 U/ml in the group of patients with type
1 diabetes debut (Fig. 4) and in patients with
T1D debut and the preclinical period duration
of disease formation over 10 years (IA-2A —
3.20£1.13 U/ml, GADA — 2.46+1.21 U/ml,
p<0.05, and TA-2A — 5.49+3.03 U/ml, GADA —
493+1.76  U/ml, p<0.05, respectively)
compared with similar values, such as TA-2A —
4.13£2.16 U/ml and GADA — 3.18£1.57 U/ml
in the group of patients with type 1 diabetes
mellitus debut (Fig. 3).

BIA-2ZA BGADA

Umi -
2000 17 _~
18.00 v
1600 + -
14.00 + -
12.00 /—
10.00 +~
8.00 +~
600 17
4.00 /
200 7
0.00 +~

Children in the finale Patients with the T1D

Children and
adolescents at the of preclinical stage of debute
early preclinical stage TID
of TID

Fig. 2. The dynamics of IA-2A and GADA titers in patients with
a duration of the preclinical period of T1D up to 3 years: * —
p,<0.001, compared with IA-2A in group of DAA+ children at
early preclinical stage; ** — p,<0.05, compared with GADA in
group of DAA+ children at early preclinical stage; * — p,<0.001,
compared with IA-2A in group of DAA+ children in the finale
of the preclinical stage; ** — p,<0.001, compared with GADA

in group of DAA+ children in the finale of the preclinical stage;
® — p,<0.001, compared with IA-2A in group of DAA+ children
with T1D debut; ¥ — p,<0.05, compared with GADA in group of
DAA+ children with T1D debut.
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0.00 17 - =
Children and Children in the finale Patients with the T1D

adolescents at the  of preclinical stage of debute
early preclinical stage TID
of TID

Fig. 3. Dynamics of IA-2A and GADA titers in patients with

a duration of T1D preclinical stage from 3 to 5 years:

* —p,<0.001, compared with IA-2A in group of DAA+ children
at early preclinical stage; ** — p,<0.05, compared with GADA in
group of DAA+ children at early preclinical stage; * — p,<0.05,
compared with IA-2A in DAA+ group of children in the finale

of the preclinical stage; ** — p,<0.001, compared with GADA

in group of DAA+ children in the finale of the preclinical stage;
® — p,<0.001, compared with IA-2A in group of DAA+ children
with T1D debut;  — p,<0.05, compared with GADA in group of
DAA+ children with T1D debut.

Umi
8.00 1
7.00 -
6.00
500 7 3.84
400 7

3.00
2.00 7

1.00
0.00

Children and I Children in the finale  Patients with the T1D
adolescents at the of preclinical stage of debute
early preclinical stage TID
of TID

Fig. 4. Dynamics of IA-2A and GADA titers in patients with
duration of latent stage of T1D development from 5 to 10 years:
* —p,<0.001, compared with IA-2A in group of DAA+ children
at early preclinical stage; ** — p,<0.05, compared with GADA in
group of DAA+ children at early preclinical stage; * — p,<0.05,
compared with IA-2A in group of DAA+ children in the finale
of the preclinical stage; ** — p,<0.001, compared with GADA
in group of DAA+ children in the finale of the preclinical stage;
® — p,<0.001, compared with IA-2A in group of DAA+ children
with T1D debut; ** — p,<0.05, compared with GADA in group of
DAA+ children with T1D debut.

Thus, the highest values of elevated TA-2A
and GADA titers were determined in the group
of DAA+ children both at baseline and in the
final of the preclinical stage of T1D development,
and the maximum increase of IA-2A and GADA
titers was detected in the finale of preclinical
stage of T1D development in DAA+ children and
adolescents in whom the disease manifestation
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Fig. 5. Dynamics of IA-2A and GADA titers in patients with
the duration of latent stage of T1D development more than
10 years: * — p,<0.05, compared with IA-2A in group of DAA+
children at early preclinical stage; ** — p,<0.05, compared with
GADA in group of DAA+ children at early preclinical stage.
occurred within the first three years after the
establishing DAA-positive status, which allows
us quite accurately predict the time of clinical
debut of T1D in DAA+ children [26]. Thus,
it was found that the prevalence of tandem-
simultaneous  combination increasing the
autoantibody titers — IA-2A and GADA has
a pathogenetic priority importance during the
evolution of T1D latent stage, which is consistent
with the data of other authors [16, 23, 27-29].
Dysglycemia at the early and late preclinical
stages of T1D development. Recently, there
were appeared new data regarding that [A-2A
and GADA are not only absolutely significant
predictors of T1D development, but also serve
as accurate markers of impaired carbohydrate
metabolism preceding the clinical debut of
disease [30-32]. In studies of other authors,
it was found that the progressive production
of diabetes-associated autoantibodies to islet
autoantigenes correlates with a rapid loss of beta-
cell function [33-35].
Thecriterionforinclusioninthegroupofpatients
with dysglycemia were impairments of fasting
glycemia >6.1 mmol/L, borderline hyperglycemia
at the end of 2 hour point when performing OGTT
in the range of 7.8-11.1 mmol/L, or determining
the integration index — HbAlc>6.1%, since
the HbA1c level shows at the same time both
fasting, preprandial and postprandial glucose
contents. These examinations and observations
made it possible to identify four groups of
patients (Table 1). HbAlc values, basal glycemia,
postprandial glycemia in OGTT were studied by
us in each of the examined groups. The largest
group (group 4) consisted of DAA- children with



ISSN 1680-1466" ENDOKRYNOLOGIA" 2019, VOLUME 24, No. 3

Table 1. Indicators of basal and postprandial glycemia (mmol/L)
at the 2-hour point in OGTT of DAA+ and DAA- children (M+m)

" = c % <) v
¢ f2 £8c¢ ;88 D¢
513 583 §Ep StzfEiis
505 a>E ©WE80 F2%5cd%v2S
1 DAA+ 6314028" 98+031%# 25 5.47%
2 DAA+ 480+046° 51+003% 125 27.35%
3 DAA+ 503+051  7.92+0.04%# 12 2.62%
4 DAA- 4994067  454+011% 295 64.55%

Notes: * — p,<0.001, compared with group of DAA- children (group 4);
*— p,<0.05, compared with group of DAA+ children at early preclinical
stage of T1D development (group 2); * — p,<0.05, compared with group
of DAA+ children at early preclinical stage of T1D development (group 3);
§— p,<0.05, compared with group of DAA+ children at late latent stage
of T1D development (group 1).

no signs of chronic hyperglycemia (HbAlc<6.1%)
(Table 1). This group included 295 (64.55%)
examined DAA- children; Group I — 25 DAA+
patients with signs of chronic hyperglycemia
(HbAIc>6.1%) without clinical symptoms of
T1D, which amounted up to 5.47%. T1D was
debuted in all 25 children of this group for the
period from 6 months to 3 years, which confirms
the diagnostic value of the combined detection
of immunological markers of autoimmune B-cell
destruction and metabolic markers of impaired
carbohydrate metabolism — impaired fasting
glycemia (glucose) and postprandial glycemia
(glucose) at 2-hour point in OGTT. Group 2
included DAA+ children without signs of impaired
carbohydrate metabolism (HbAlc<6.1) — 125
(20.76%) children. During the process of dynamic
observation of these patients for 10 years and with
the repeated determination of DAA in the blood
of 49 (45.12%) children of this group, the clinical
debut of T1D was diagnosed. OGTT was identified
as normal in the group IT of DAA+ children with
HbAlc<6.1 and without dysglycemia. Over time,
group 3 of 12 DAA+ children with HbAlc<6.1
were retrospectively identified from the group 2
of DAA+ children, in which T1D was developed
after 4-5 years (2.62%) (Fig. 6).

When performing OGTT in DAA+ children of
this group, dysglycemia in the form of borderline
hyperglycemia at the end of the 2-hour point
was found — 7.92+0.04 mmol/L compared to
normal basal glycemia values 5.03+£0.51 mmol /L
(p<0.001), which allowed to retrospectively
identify DAA+ children of this group as being in
the early preclinical period of T1D development.

mmol / L »
10.00

8.00 +

6.00 1
100 | : ' ol

200 1

0.00 += . = ; . +
DAA+ children  DAA+ children DAA+ children  DAA- patients
at the late stage  at the preclinical  at the early latent  with burdened
of TID stage of T1D stage of forming  heredity of TID

development development TID

BBasal glycemia
B Glycemia at the 2-hour point during OGTT, numol/L

Fig. 6. Basal and postprandial glycemia at the 2-hour point
when performing OGTT with glucose load in DAA+ and DAA-
children (mmol/L): * — p,<0.001, compared with group of
DAA+ children with analogous values; * — p,<0.05, compared
with group of DAA+ children at preclinical stage of T1D
development with analogous values; * — p_<0.05, compared
with group of DAA+ children at early latent stage of T1D
development with analogous values; ® — p,<0.001, compared
with group of DAA+ children at the late latent stage of T1D
development with analogous values.

In 295 (74.32%) DAA- children of group 4,
HbAlc values were <6.1 and no symptoms
of dysglycemia were recorded in any of its
manifestations. The change in DAA titer
by the moment of hyperglycemia onset was
unidirectional in nature in all the children:
autoantibodies to islet antigens were determined
in increasing titer values.

Thus, it was found that the early stage of
the preclinical period of T1D development is
characterized by the presence of dysglycemia
at the 2-hour point in 2.62% DAA+ children
during the OGTT implementation. For some
DAA+ children (5.47%), who were at the late
stage of the preclinical period of T1D formation
is characterized as well as the presence of
postprandial hyperglycemia in OGTT —
9.8%£0.31 mmol/L, and dysglycemia in the form of
impaired fasting glycemia — 6.31£0.28 mmol /L
(p<0.001).

The content of C-peptide in DAA+ children
at different stages of T1D development. Our
studies have shown that there is a significant
decrease in both basal and stimulated secretions
of C-peptide in the group of DAA+ children,
under the development of dysglycemia in the
form of impaired postprandial glycemia at 2-hour
point in OGTT, and impaired fasting glycemia
(Table 2).
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Table 2. Content of basal and stimulated C-peptide (ng/ml)
in DAA+ and DAA- children at different stages of T1D
development (M+m)

Group DAA+ Basal C-peptide, Stimulated
or DAA- ng/ml C-peptide, ng/ml
1 DAA+ (n=25) 0.21+£0.01* 0.45+0.08**"
2 DAA+ (n=125) 0.92+0.02** 2.1540.04*#
3 DAA+ (n=12)  0.83+0.05%*¢ 1.1340.06*+5
4 DAA- (n=295) 1.24+0.04 3.12+0.06*

Notes: * — p,<0.001, compared with group of DAA+ children with
analogous values (group 4); + — p,<0.05, compared with group of DAA+
children at preclinical stage of T1D development with analogous values
(group 2);* — p,<0.05, compared with group of DAA+ children at early
latent stage of T1D development (group 3); * — p,<0.05, compared with
group of DAA+ children at the late latent stage of T1D development with
analogous values (group 1).

In all DAA+ children in this group, T1D was
debuted within 3 years. In this group of children,
the values of basal C-peptide secretion were
recorded at reduced levels long before T1D debut
(Table 2).

Further studies showed that in the group
DAA+ children, with no metabolic changes
in carbohydrate metabolism, HbAlc<6.1%,
the average content of basal C-peptide was
determined at the level of 0.92+0.02 ng/ml, and
stimulated ones — at the level of 2.15%£0.04 ng/ml
(p<0.001), which indicated its preservation. In
group 3 of DAA+ children, at the early latent
stage of T1D development, with HbAlc<6.1
and dysglycemia in the form of borderline
hyperglycemia at the end 2-hour point in OGTT
and with T1D debut during the next 4-5 years,
the average content of basal C-peptide was
determined at the level of 0.83£0.05 ng/ml,
stimulated ones — at the level of 1.13£0.06 ng/ml
(p<0.05), which indicated a slight decrease in
B-cell secretory capacity. In DAA-children of
group 4 with HbAlc<6.1 and without dysglycemia
in any manifestation, the secretory activity of
B-cells was completely preserved, with the basal
value being 1.24+0.04 ng/ml and stimulated —
3,120,06 ng/ml (p<0,05) secretions of C-peptide
showed complete preservation of secretory ca-
pacity of insulin-producing pancreatic B-cells
and were almost completely consonant with basal
1,29+0,05 ng/ml and stimulated 3.94+0.09 ng/ml
(p<0.001) numbers of C-peptide secretion in
children of control group (Fig. 7).

In the group of children with newly diagnosed
T1D, the concentration of basal C-peptide
in the blood was lower than the norm —
0.31+0.02 ng/ml, and the reserves of stimulated
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Fig. 7. Content of basal and stimulated C-peptide in DAA+ and
DAA- children at different stages of T1D development (ng/ml):

* —p,<0.001, compared with group of DAA+ children with
analogous values; * — p,<0.001, compared with group of DAA+
children at early preclinical stage of T1D development with
analogous values; * — p,<0.05, compared with group of DAA+
children at the early latent stage of T1D development with
analogous values; * — p,<0.05, compared with group of DAA+
children at early latent stage of T1D development with
analogous values.

C-peptide were practically exhausted —
0.49+0.06 ng/ml (p<0.05), which is absolutely
pathognomonic for the clinical debut of T1D.
Thus, the performed studies revealed a significant
secretory range in the C-peptide content at
the stages of progressive development of T1D.
The secretory capacity of DAA+ children with
metabolic markers of carbohydrate metabolism
disorders were saved, but there is a tendency
for their decline. Conversely, the results of our
studies on the C-peptide content day before the
debut and in the disease manifestation, make
the fact indisputable and coincide with the data
of other authors affirming that significantly
reduced the C-peptide level — the result of
prolonged autoimmune aggression aggression
in time, which is ending allowing us to use the
study of C-peptide level together with DAA,
as a hormonal marker of T1D development in
children and adolescents [21, 36].

Levels of different types of cytokines (IL-1,
IL-4, IL-6, IL-10, IFNy, TNFa, IL-8, IL-16)
in children blood at the preclinical and early
clinical stages of T1D development. IL-1. A
study of IL-1a level in PB of DAA+ children
revealed that the median (Me) of its content
(9.16; 5.00-17.5 pg/ml) (Table 3) was more
than twice that in DAA- children and children
of control group. In children with T1D debut
Me of IL-1a content in the PB was also slightly
elevated, but not to the extent that DAA+
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children had. The content of IL-1B in the PB
serum was practically undetermined in all
4 groups of children examined. A more significant
increase in the level of circulating IL-1a at the
preclinical stage compared to the clinical stage of
T1D may be explained by the fact that the most
active autoimmune process in IL occurs at the
latent stage. As most B-cells are destructed, the
autoimmune process gradually subsides, which is
reflected in the reduction of 1L-1 levels in many
patients with already debuted T1D. M.J. Hussain
et al. [37] when determining the IL-10 content in
children with newly diagnosed T1D a significant
increase in its level in PB revealed. Higher IL-1a
levels were also observed in the pre-diabetes
period in identical twins. In addition, children
with diabetes and their sibs had a decrease in the
IL-1a production by PB mononuclear cells after
their stimulation by mitogens in vitro. No such
changes were observed in T1D with a long course
and in T2D. It was somewhat surprising that
IL-1a, which has the most pronounced cytotoxic
effect on IL in vitro, was not detected at all in the
PB of the examined subjects.

Our studies of IL-1a and IL-1B in children
with burned heredity at preclinical and early

Table 3. The level of different types of cytokines
in the blood of children at preclinical and early clinical stages
of T1D development (pg/ml)

Type  Healthy  DAA- DAA+ DAA+
of cyto- children  children  children children
kines (n=155) (n=295) (n=162) withT1D
debut
(n=86)
IL-Ta, Me 3.7 2.85% 9.16% ** 4.00
(0.00-6.00) (0.00-5.40) (5.00-17.5)  (2.00-19.00)
IL-4, Me  0.55 0.00* 0.00* ** 0.00*
(0.00-3.00) (0.00-0.00) (0.00-0.00)  (0.00-0.00)
IL-6, Me  0.00 1.50 2.50% ** 1.00+
(0.00-1.06)  (0.00-4.00) (1.60-11.00) (0.60-2.00)
IL-10, Me 2.10 2.60 2.00% ** 2.00
(0.50-3.00) (1.40-5.50) (1.50-5.00) (1.50-3.00)
IFNy, Me  0.00 0.00 0.00 0.00
(0.00-0.00)  (0.00-0.00) (0.00-0.00)  (0.00-0.00)
TNFa, 0.75 2.00% 3.50% 1.55%%
Me (0.00-1.00) (0.00-4.00) (0.50-6.50)  (0.00-3.00)
IL-8, Me  0.00 0.00 23.00% ** 6.50**
(0.00-3.70)  (0.00-0.00) (0.00-30.00) (0.00-10.50)
IL-16, 136.3+£19.1 153.4+16.2 197.3+16.3% 73.2+£9.7% **+
M+m *x

Notes: * — p,<0.05 compared with control group of children; ** —
p,<0.05 compared with group of DAA- children; * — p,<0.05 compared
with group of DAA+ children.

clinical periods of T1D development confirm
the data of M.J. Hussain [37], that there is a
significant increase in the level of IL-1a and not
of IL-1B in the PB at the latent and clinical stages
of T1D. This opinion is confirmed by recent
publications [38], which found similar changes in
the level of TL-1a and TL-1p in the PB of healthy
children and children with T1D.

IL-4. The content of IL-4 cytokine in the
PB of children from control group ranged from
0 to 7.7 pg/ml (Me - 0.55; 00-3.00 pg/ml)
(Table 3). Unlike DAA-, the IL-4 content in
the PB iof DAA+ children was not determined
(Me — 0; 0.00-0.00 pg/ml), which made a high
significant difference for the group of DAA-
children (p<0.001). The data obtained by us
are confirmation of the point of view of other
authors [39], that IL-4 plays a protective role in
the human body by participating in mechanisms
that impede the T1D development. In contrast to
proinflammatory cytokines, the content of which
is increased at different stages the autoimmune
process, the level of IL-4 is sharply reduced and
its overall decrease is often recorded, practically
at zero values. Therefore, the practical absence
of IL-4 cytokine in circulation of DAA+
children may serve as a marker that indicates the
possibility of rapid development of the clinical
debut of disease and provides an opportunity to
conclude that there is a presence of preclinical
stage of T1D development.

IL-6. The level of proinflammatory cytokine
IL-6 in most DAA+ children (Table 3) was more
elevated (fluctuations from 1.0 to 174.0 pg/ml)
in the PB compared to DAA- children and those
of control group, that coincides with data [38].
Moreover, in 10 DAA+ children, the IL-6 level
in PB reached the significant values (from
11.00 to 174.00 pg/ml), and in three of them with
particularly high levels of IL-6 in the PB (18.0;
22.0 and 174.0 pg ml) over time a clinical debut
of T1D with a more aggressive course than in
other children with this disease was diagnosed.
It is also important to emphasize that in three
children with T1D, and quite high level of IL-6
in the PB (84.0-95.0 pg/ml), complications
of inflammatory nature were appeared after
5-7 years. Thus, the data obtained demonstrate
that the peak of the highest level of IL-6 in
circulation was detected at the latent stage long
before the clinical signs of the disease, which
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is a reflection of the maximum intensity of the
autoimmune process in IL and are confirmed by
the work of a number of authors [40, 41].

IL-10. 1t was shown (Table 3) that Me of the
IL-10 content in PB in all groups of examined
children was not significantly different, although
it was slightly lower in healthy, DAA- children
and children with T1D compared to DAA+.
However, in three DAA+ children the level of
this cytokine in circulation ranged from 5.0 to
11.0 pg / ml, and in three patients with T1D —
from 5.0 to 8.5 pg/ml. The results obtained are
consistent with those of other authors [42], which
in some children with T1D sometimes found
increased levels of circulating IL-10. This has
been confirmed in recent publications [38]. At the
same time, it has been shown that mononuclear
cells isolated from the PB of patients with T1D
secrete less number of IL-10 than mononuclear
cells of healthy individuals and that when
incubated IL-10 with human IL in vitro, it has
the ability to protect them from the destructive
action of proinflammatory cytokines [43].

IFNy. Nosignificant changes in IFNy content in
PB of DAA+ children and patients with T1D were
detected. In all four groups of examined children
(Table 3), Me of IFNy content in PB was zero.
However, in 4 of DAA+ children, the increased
level of IFNy in PB ranged from 6.0 to 21.0 pg/ml.
Its content was slightly increased in the PB (from
2.0 to 5.0 pg/ml), close to the possibilities of the
method sensitivity was in 3 patients with T1D.
According to the available data, IFNy, especially
in combination with IL-1B and TNFa, causes a
pronounced cytotoxic effect on human IL in vitro
in tissue culture [43]. At the same time, the data
on the level of IFNy in PB of patients with T1D
are extremely controversial. Some authors [44, 39]
even report of a decrease of IFNy content in
PB of patients with T1D debut and in DAA+
children. However, recent publications indicate
a devastating increase in IFNy levels at the early
clinical period of T1D development [45]. Thus,
it can be assumed that the local increase of IFNy
content in IL does not exclude the simultaneous
decrease of its concentration in PB. The increase
in IFNy content in PB was observed of some
children at preclinical stage and T1D debut may
be due not only to the autoimmune process in IL
but also to other causes, in particular, manifest
and early development of T1D complications.
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TNFa. It was shown that Me of the content
of cytokine TNFa in PB of DAA+ children
significantly exceeds that of DAA- and children of
control group (Table 3). In children with already
manifested T1D, there was a decrease in Me of
TNFa content compared with DAA+ children,
although in 9 children it was elevated and in 3 of
themitwas 11.0-15pg/ml, which is consistent with
the data of other authors [38]. Thus, the obtained
results indicate that in many children with the
preclinical stage of T1D, an increased level of
TNFa in PB is characteristic, reflecting the degree
of aggressiveness of autoimmune destruction
of B-cells in IL at the preclinical stage of T1D
development. In some children with advanced
disease, the decrease of TNFa in PB is explained
by a decrease in autoimmune aggression [46].

IL-8. Studying proinflammatory a-chemokine
IL-8 (Table 3) a marked increase of its content
in PB was revealed in DAA+ children. Thus,
in the 8 examined patients, IL-8 levels in the
PB exceeded 20 pg/ml, whereas among DAA-
children, IL-8 was detected in PB only in one
child. In the control group of children, the content
of IL-8 ranged from 1.6 to 10 pg/ml. In children
with newly diagnosed T1D, the increase of IL-8
contentin PB was in 6 children, Me of the content
was 6.5 pg/ml, ie was significantly less than in
DAA+ children. The data obtained are consistent
with the limited data on this issue [47, 48],
that the elevated level of IL-8 in PB is
characteristic for many patients at the initial
stage of T1D. At the same time, the data indicate
that the highest content of chemoattractant 1L-8
in PB is observed not only, but also in such purely
inflammatory cytokines as IL-6 and TNFa at the
latent stage of T1D development. This it allows us
to predict that IL-8 is involved in the migration
of autoreactive cells at the earliest stages of the
autoimmune process development long before the
clinical manifestation of disease, which promotes
the migration of autoreactive lymphocytes from
the blood to the focus of inflammation, that is,
still in a practically <healthy» child. As the
destruction of B-cells is finishing, a decrease of
IL-8 level in circulation is noted.

IL-16. Pronounced statistically significant
increase of IL-16 level was shown in the PB of
DAA+ children (Table 3). In already developed
T1D, the average content of IL-16 in the PB
was reduced. The results obtained suggest that
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at the latent stage of T1D development, that is,
during the period of the most active destruction
of B-cells, IL-16, like other types of chemokines,
promotes the migration of autoreactive T cells
in IL, where they, through proinflammatory
cytokines, carry out the destruction and
apoptosis of insulin-producing cells. When the
intensity of the autoimmune process decreases,
the concentration of IL-16 in the PB decreases
below the norma and, accordingly, the chemotaxis
of effector mononuclear cells in IL is weakened or
terminated. Thus, for the first time it has been
shown that TL-16, like other types of typical
chemokines, is actively involved in the earliest
stage of the autoimmune process development in
IL, providing a foci of inflammation by antigen-
dependent cells. As the inflammatory process
attenuates, IL-16 level in the PB decreases as
there is no need for its stimulating high content
in blood circulation due to the total death of
most B-cells. Thus, as can be seen from the above
mentioned, the studies confirm the data of other
authors that the level of most types of cytokines
in the PB of both healthy and with T1D child
has significant individual fluctuations caused
by different biological purpose of different types
of cytokines, their local and remote actions,
as well as th complex relationships in the
«cytokine network», i.e. when the neutralization
is possible on the periphery or, conversely, an
enhancement of the action of certain types of
cytokines [2, 37]. At the same time, the studies
have shown that many normoglycemic children
with burdened heredity at the preclinical period
of T1D development have a clear increase in
such proinflammatory cytokines as IL-1a, 1L-6
and TNFo in the PB, which are markers of
inflammation [49], and the decrease in the level
of the anti-inflammatory cytokine IL-4 involved
in the protective mechanism for T1D [39]. In
children with already clinically manifested
T1D, a similar imbalance of cytokine content
in the PB was observed, but the degree of its
maifesttation was less significant. The level of
cytokines and chemokines in the PB of children
with T1D is different depending on the dynamics
of disease development. At the preclinical period,
when the child is still «practically healthy», the
most significant disturbance of the cytokine
level occurs, reflecting the peak of autoimmune
aggression, which attenuates as the destruction

of most B-cells, which leads to hypoinsulinemia
and, therefore, is a reflection of the highest degree
of autoimmune process intensity which results
in total destruction of B-cells. The detected
changes from the proinflammatory cytokines
are consistent with the dynamics of changes in
the level of chemoattractants IL-8 and IL-16,
which carry out migration of autoreactive cells
from circulation to IL, i.e., a sharp increase in
the content of IL-8, IL-16 number at the latent
period of T1D development and decrease of
chemoattractant concentrations in the disease
manifestation, which is confirmed by the works
of other authors, in particular M. Baggiolini [50],
who showed that the increase in chemokine
levels occurs only at the preclinical stage of
T1D development. The data obtained are also
in line with the results of recent studies, which,
using FACS analysis, revealed similar dynamic
changes in the number of CD3 +, CD4 +, CD8
+ T lymphocytes in the PB which are cells-
producers of proinflammatory cytokines [51] in
DAADb-positive children at preclinical and early
clinical periods of disease [2]. These results may
be useful in the development of novel specifically
targeted methods of therapy and prophylaxis for
T1D that block certain links of immune system
involved, mainly through cytokines, in the
destruction of insulin-producing cells.

Conclusions

1. It was found that the increased titer of
DAA in 162 (35.45%) of 457 children with
burdened heredity for not less than twofold
determination of presence in them diabetes-
associated autoantibodies, mainly GADA and
IA-2A was noted, clinical debut of T1D was
manifested in 86 (72.34%) of them in the period
from 6 months to 16 years (27.4+4.3 months).

2. It is determined that the most significant
markers of T1D development are antibodies
to the protein tyrosine phosphatase and
antibodies to decarboxylase glutamic acid,
which is confirmed by both the prevailing
increase in the titers of IA-2A and GADA,
and the dominant frequency of their combined
occurrence.

3. In children with faster clinical manifestation of
T1D and duration of preclinical stage of disease
development less than 3 years, the prevalence
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of values of elevated titers of IA-2A and GADA
is detected at both the early and final stages
of the preclinical period of T1D development
compared with similar indicators in patients
with duration of T1D preclinical stage from 3
to 5 years and in patients with newly diagnosed
T1D in which the latent stage of disease
development lasted more than 5 and 10 years.
Analysis of the time of T1D manifestation in
86 patients with the presence of high titers of
DAA established in 50.00% of them the clinical
debut of T1D, which occurred within 3 years
from the moment of the first determination
of the increased titers of DAA, in 22.10% the
onset of the disease was diagnosed in terms
from 3 to 5 years after the inclusion of patients
in the group of DAA+ children, in 16.27% the
first diagnosed T1D was in 5 years after the
initial detection of simultaneously increased
titers of two from the three types of studied
DAA in the blood of patients and in 11.63% of
DAA+ children — in 10 years after the primary
simultaneous detection of high values of TA-2A
and GADA in the blood of DAA+ patients.
The early preclinical period of TI1D
development in children with the presence
of increased titers of DAA was characterized
by the presence of dysglycemia in the form
of increased glycemia in 2 hours after the
glucose tolerance test and a slight decrease
in the secretion of stimulated C-peptide; in
addition, in late preclinical period in DAA+
children dysglycemia was developed in the
form of impaired fasting glycemia, as well as a
decrease in both basal and stimulated secretion
of C-peptide, indicating gradually decrease
of potential secretory capacity of insulin-
producing B-cells of the Langerhans islands at
preclinical period of T1D development.

. Development of T1D in DAA+ children

is preceded by an increase in the level of
proinflammatory cytokines IL-1a, IL-6 and
TNFa, chemokines IL-8 and chemoattractant
IL-16, which positively correlates with
increased titers of IA-2A and GADA, while
reducing IL concentration in the PB was
observed. These changes in indicators of
immunity were less pronounced after the
clinical debut of disease, confirming the
pathogenetic key role of cytokines in the
preclinical period of T1D pathogenesis.
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AnropuTm nepeaKkNiHIYHOT LiarHOCTUKN
LyKposoro piabety 1-ro Tuny AK nigrpyHTA

ana cteopenHa Peectpy [AAT-no3uTnsHux pirteit
| NigniTKIB YKpaiHn 3 NpOrH030BaHUM PO3BUTKOM
3aXBOPHBAHHA

M.A. TpoHbKo, K.M. 3ak, B.B. lMonoBa
LY «IHCTUTYT eHAOKPUHONOTT Ta 0OMiHY peyoBswH im. B.I. KomicapeHka
HAMH YkpaiHw», m. Knis, YkpaiHa

Pestome. MeTa — BCTaHOBNEHHA MEXaHIi3MiB PO3BUTKY LIyKPOBOIO
piabety 1-ro Tuny (LU1) Ha paHHIN i Ni3Hiin nepeakniHiYHMX CTagiax
dopMyBaHHA 3axBOploBaHHA B AiTei i nigniTkis. Matepian i meTo-
an. Y [IY «IHCTUTYT eHgoKpuHonorii Ta 0bmiHy pedyoBumH im. B.I1. Ko-
MicapeHka HAMH YkpaiHun» 6yno iHidiloBaHo nporpamy «ImyHiTeT
y nepepkniHiuHmi nepiog po3sutky LAT», Ha 6a3i Akoi cTBopeHO
PeecTp MapKepno3nT1BHMUX AiTel i3 NPOrHo30BaHnm po3suTkom LT,
Wo Haniuye 612 piteir Bikom Big 7 A0 15 pOKiB 3 06TAXEHOW Cnaa-
KOBICTIO, B AKWX BW3HaueHO TWUTP [iabeTacouiioBaHUX aBTOAHTUTIN
(OAAT), uMTOKIHIB, 6a3anbHOI Ta MOCTNPaHAianbHOI rikemii i cekpelii
C-nentuay Ha nepeakniHiYHOMY Ta KNiHIYHMX eTanax po3suTky LIAT.
Pesynbratn. OTpMMaHO HOBI faHi, AKI AO3BONWAN CYTTEBO [OMOBHW-
TW iCHYtOUi yABNEeHHA nNpo natoreHes L1, Y pesynbrati BUKOHAHOMO
AOCNimKeHHA COOPMOBAHO rPyMy MapKepro3UTUBHYX [iTelt 3 06TA-
MKEHOI0 CNafKOBICTIO Ta MPOrHO30BaHMM PU3MKOM PO3BUTKY 3aXBOPIO-
BaHHA. Y 162 (35,45%) i3 457 fiTeit 3 00TAXKEHOW CNAAKOBICTIO Nicns
LW OHaMMeHLWe 1BOPa30BOro BM3HaueHHdA JAAT BUABNEHO ix NigsuLLe-
HUin TMTP, NepeBaxHo GADA Ta I1A-2A, y 86 (53,08%) i3 HVX y TepMIH
BiA 6 Mmic. 10 16 pokiB (27,4+4,3 mic.) maHidecTysas LI11. BuzHaueHo
dopmyny NoeaHaHOi HAABHOCTI Ta 3HaYeHb OAHOYACHO MiABMLIEHUX
TmuTpie JAAT 0O OCTpiBUEBMX aBTOAHTWreHiB, a came IA-2A+GADA,
WO € NPEAVKTOPOM AK TPUBANOCTI NepeaKNiHIYHOI CTafil pO3BUTKY
LUAT, TaKk i wemnakocTi febioTy. BCTaHOBNEHO TakoX MOPYLIEHHS Npo-
AYKUIT UWTOKIHIB (NigBUWeEHHA piBHA Npo3ananbHUxX UMTOKIHIB 1/1-1a,
111-6 i YHMa, I71-8 i I1-16 3 0AHOYACHUM 3HUXKEHHAM KOHUeHTpauii I/1-4
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OpuriHanbHi OCAIAKEeHHSA

Y KPOBI) AK KMIOYOBMX UMHHUKIB NaToreHesy LT, wo 3ymMoBooTh AK
wewmakicts aedioty LT, Tak i arpecvBHiCTb 1oro nepebiry. BctaHos-
NeHO, WO PaHHin nepeakniHiyHui nepiog po3sutky LTy OAAT+ Aai-
Tel XapaKTepu3yBaBCA HAABHICTIO ANCTAIKeMIT Yy BUTAALI NiLBULLEHOT
rnikemii yepes 2 rog Nicia BUKOHAHHA TeCTy TONePaHTHOCT JO Mo~
KO3V Ta HEepI3KUM 3HWKEHHAM CekpeLii CTMynboBaHoro C-nentuy;
KpiM TOro, y Ni3HiN nepeakniHiyHni nepioq y JAAT+ aitei npueaHy-
Banacda AUCrikemia y BUrIaLi NOpyLeHO! MiKemil HaTLe, 8 TaKOX 3HW-
yBanacb AK 6asanbHa, Tak i CTMMynboBaHa cekpellia C-nentuay, Wo
CBIAYNTL NMPO BUCHAMKEHHA NOTEHLIMHMX MOXANBOCTEN B-KAITUH Mia-
WNYHKOBOI 3an031. BucHOBKW. Ha nigcTasi BUKOHAHOTO KNIHIKO-iMy-
HOMOTYHOrO AOCNILXKEHHA OTPMMAHO HOBI AaHi NMPO MEXaHi3mMn pPo3-
BuTKy LIIT Ha paHHin i Ni3HIN nepeakniHiyHKX CTagiax GopMyBaHHS
3aXBOPIOBaHHA B AiTel i NianiTKie, a came: CyTTEBI 3MiHW BPOAXEHOrO
Ta HabyTOro IMyHITETY, 3CYBU IMyHHUX, METaOONIUHMX | FOPMOHANBHIX
MOKa3HWKIB AK Ha PaHHIN, TaK i Ha Mi3HIWWX NePeaKiHIYHNX CTagdiAx
po3sutky LUAT. Li 3MiHM cBiguaTh, WO Nepiof XPOHONOMYHO 3pocCTa-
t0UVX MOCNILOBHMX MONOMOK Y Pi3HMX flaHKax IMYHITETY 3Ha4HO BUMe-
pefXaE yac KiiHiunoro aebioty LT, i MOXyTb OYTW BUKOPUCTaHVMM
AK NPEVKTOPU PO3BUTKY 3axBOPtoBaHHA. CTBOpeHO PeecTp Mapkep-
NO3UTUBHUX AiTEN i3 NPOrHO30BaHMM po3BUTKOM LIT.

KniouoBi cnoBa: Lykposui fgiabet 1-ro Tvny, Aty Ta nignitku,
niabeTtacouinoBaHi aBToaHTVTING (JAAT), aBTOAHTUTING [0 AeKapOoK-
cnnasu mioTamiHoBoI Kucnotu (GADA), aBToaHTUTIng A0 npoTeiHy
TMPO3nHpOoCchaTasm (IA-2A), UMTOKIHW, 6azanbHa Ta NoCTNpaH/ianbHa
rnikemis, 6a3anbHWit | CTUMyNboBaHWin C-nenTug.

Anropntm LOKNMHWMYECKON ANATHOCTUKMN
caxapHoro anabeta 1-ro Tuna

Kak ocHoBa AnA co3faHuA Peectpa
NAAT-no3nTUBHLIX AeTeil  NOAPOCTKOB YKpamnHbl
C NPOrHO3MPOBAHHLIM pa3BuTMEM 3abonesaHuA

H.A. TpoHbKo, K.MM. 3ak, B.B. NMonosa
Y HCTUTYT SHAOKPUHONOMMKN 11 0bMeHa BelecTs 1. B.M. KomnccapeHko
HAMH YkpanHbi», 1. Knues, YkpanHa

Pesiome. Llenb — yCTaHOBNEHNE MEXAHW3MOB PA3BUTUA CaxapHOro
avabeta 1-ro Tuna (CA1) Ha paHHel 1 No3aHel AOKANHUYECKMX CTa-
avax GopmMypoBaHvA 3aboneBaHna y aeTel u nogpocTkos. Matepum-
an n metoAbl. B Y «MHCTUTYT 3HOOKpUHONOMMM 11 0bMEHa BellecTs
um. B.IN. Kommccaperko HAMH YKpaunHbl» MHULMMPOBaHa NporpaMma
«MIMMYHUTET B OKNUHUYECKUIA neprof pa3eutra CL11», Ha 6ase Ko-
TOPOW co3faH PeecTp Mapkepno3nTUBHLIX AETEN C MPOrHO3UPOBAH-
HbiM pa3suTem CL11, KTopbI HacumTbIBaeT 612 aetelt B BO3pacTe OT
7 0o 15 net C oTArouweHHon HacneacTBeHHOCTbI0 No Cl, y KOTopbIX
onpegeneH TUTP AuabeTaccouymmpoBaHHbix aytoaHTuten (HAAT),
YPOBHe/ LWTOKMHOB, MoKa3aTeneit 6asanbHOM v MOCTNpaHavanb-
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HOM rukemmn 1 cekpeunn C-nenTnaa Ha AOKAMHUYECKOM U KAUHW-
yeckmx stanax passutua CL1. Pesynbratbl. [lonyyeHbl HOBble [aH-
Hble, KOTOpble MO3BOMNAW CYLWECTBEHHO AOMONHUTL CYLLECTBYoLme
npeacTasneHna o natoreHese CH1. B pesynbrate BbiNONHEHHOro
NCCNeaoBaHnA CHOPMMPOBAHO TPYMMy MAPKEPMO3UTUBHLIX [eTen
C OTArOWEHHOW HACNeACTBEHHOCTbIO M MPOrHO3MPOBAHHBIM Pa3Bu-
Tviem 3abonesanun. Y 162 (35,45%) 13 457 feteli C OTATOLEeHHOM Ha-
CNeACTBEHHOCTBIO NOCAIe He MeHee Yem [1BYXKPaTHOrO onpefeneHum
OAAT BbiABneH nosbilwerHbln TUTP JAAT, npenmyliectseHHo GADA
n IA-2A, y 86 (53,08%) 13 HUX B TeueHne Neprioda oT 6 mec. o 16 net
(27,4443 mec.) maHndectmposan CA1. Onpenenera dopmyna cove-
TaHHOM BCTPEYAEMOCTM U 3HAUYEHUI OAHOBPEMEHHO MOBbILIEHHbIX
TMTPOB [JAAT K OCTPOBKOBBIM ayTOaHTUIeHam, a UMeHHO |A-2A+GADA,
KoTopble ABNAITCA NPEAUKTOPOMMU KaK AANTENbHOCTW AOKAUHMYe-
cKkon cTagum passutva CA1, Tak 1 cKopocTn aebtoTa. YcTaHOBMEeHO
Takxe HapyleHne NPOAYKUMM UMTOKMHOB (NOBbILIEHME YPOBHA NPO-
BOCNanuTenbHbIX UmtoknHos Wl-1a, U1-6 n OHOa, M-8 1 /1-16
NPy OBHOBPEMEHHOM CHUKEHWW KOHUEHTPauun VJ1-4 B KpoBsw) Kak
KnioyeBbx GpakTopos natoreHesa C[11, koTopble 00YCNOBAMBAIOT Kak
ckopocTb febiota CAAT, Tak M arpecCcBHOCTL €ro TeueHns. YCTaHoB-
NIEHO, YTO PaHHUI JOKNMHWYeCKU nepwogd passutna CAT y JAAT-
[eTell xapakTepr3yeTca Hannumem ANCraMKeMI B BAE NOBbILWEHNWA
FANKEMUM Yepe3 2 Yaca TeCTa TONEPaHTHOCTA K FIIOKO3€e 1 HEPE3KMM
CHUKEHMEM CTUMYNMPOBAaHHOW cekpeumn C-nenTupa; B MO34HWN
xe OoKnMHuYeckunn nepuop y LAAT+ aetert DONONHUTENBHO pas-
BMBaNachb AWCIAMKEMWA B BWAE HAPYLWEHHOW MMKEMMM HATOLLaK,
a TaKKe CHUXanWCb Kak basanbHas, Tak 1 CTUMYIMPOBaHHasA Ccekpe-
uma C-nenTnga, Yto CBMAETENLCTBYET O MOCTENEHHO HapacTalowem
CHUKEHMW NOTEHUMANbHBIX CEKPETOPHBIX BO3MOXHOCTEN B-KNeTok
OCTPOBKOB JlaHrepraHca B JOKAMHMYECKMI nepuop pa3sutua CA1.
BbiBoAbl. [10nyyeHbl HOBblE AaHHbIE O MexaHu3max passutma CA1
Ha paHHen 1 No3gHel OOKIMHUYECKMX CTaamnax GopMUpoBaHMA 3a-
6oneBaHuA y feTell U NOJPOCTKOB, @ UMEHHO: BbIABNEHbI CYLLECTBEH-
Hble VM3MEHEHVA eCTeCTBEHHOrO W MPUOOPETEHHOTO MMMYHWTET],
VMMYHHBIX, METAOONMUYECKUX V1 FTOPMOHASIbHBIX MOKa3aTenei Kak Ha
PaHHEN, Tak 1 Ha bonee NO3AHUX JOKAVHUYECKUX CTaAMAX Pa3BUTUA
C[11, KoTopble CBMAETENLCTBYIOT O TOM, UTO NEPUOL XPOHONOMMYECKN
HapacTaloWmMx NOCNe0BaTENbHbBIX MOSOMOK B PasHbiX LENAX UMMY-
HUTeTa 3HaUWTENbHO OrnepexaeT BpemMa KnnHuueckoro aebiota CAT,
UTO MOXET ObiTb MCMOMb30BAHO B KaueCcTBe NPeAnKTOPOB Pa3BUTUA
3abonesanna. Co3naH PeecTp MapKepno3nTUBHBIX AETEN C MPOrHO3M-
pOBaHHbIM pa3sutem CI1.

KnioueBble cnoBa: caxapHblli uabet 1-ro Tuna, ety 1 NOAPOCTKY,
AnabetaccoummpoBaHHble aytoaHTuTena (JAAT), ayToaHTUTENa K fle-
Kapbokcunase ratammnHoBon kucnoTel (GADA), ayToaHTuTena k npo-
TenHy Tupo3mHdocdatassl (IA-2A), UMTOKMHDI, Ba3anbHas v NocTNpaH-
AVanbHas ravkemma, 6azanbHblin v CTYMYNIMPOBaHHbIA C-nenTug.



