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NMporHo3upoBaH1e caxapHoro Auabera 1 TMna
B CeMbsIX 60AbHbIX (NPOCNeKTMBHOR 16-ACTHEEe
HabAl0ACHME). AKLICHT Ha ByAyluee
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B meuenue 40 nem, ¢ mex nop kak 6viaa 00KA3AHA AYMOUMMYHHAS NPUPOOA 3a004€8aHUSL, NPOOOANCAIOMCA UCCACO08AHUS NO CO-
BEPULEHCMBOBAHUI0 MeM0008 NPOCHOZUPOBAHUS U Pa3paAbOMKU S(PeKmUsHbIX U 6e30NACHbIX MeM0008 NPOPUAAKMUKU CAXAPHOO
duabema I muna (CA1).

Ileas. IIpocnekmusnoe Habarodenue u npoenosuposanue pazeumusi CA 1 6 cembsix 601bHbIX.

Mamepuaavt u memodst. B 224 konxopoanmuuix/ouckopoanmusix cemwsax 6oavHbix C/ 1y 300possix cubcos npogedero uccaedogarue
npedpacnoaaearowux u npomekmuervix eansomunos (HLA-DRBI1, DQ-2eno8) 6 KombuHayuu ¢ UMMYHOA0UYECKUMU MAPKepamu
(ICA, IAA, GADA).

Pesyavmamot. Ilpu anaauze pacnpocmpanennocmu HILA-eenomunoeé y nayuenmoé ¢ CI 1 8vis61eH0, 4mo eaniomunbsl 8bICOK020
pucka 6 cocmage 2enomuna DQ2 u/uau DQS 6 couemarnuu ¢ opyeumu éecmpeuanucs ¢ 78% cayuaes; uz nux eenomunst DQ2/DQOS,
DQ2/DQ2, DQE/DOS8 — ¢ 35%,; DQ2/X* u DQE/X* — ¢ 43%; a eenomun nusxoeo pucka X*/X* — ¢ 22% cayuasx. Ilpu ana-
auze ecmpeuaemocmu y 6oavHoix C/I1 HLA-eenomunoe ommeuero, umo eeHomunst 8vicokoeo pucka (DQ2/DQS) docmosepro uauie
eécmpeuanucs y demeil, 3a6o0aeeuiux 0o S-nremueeo gospacma, — 33%, no cpaguenuio ¢ demomu, y komopuix CJ 1 manughecmuposan
cmapue 10 nem — 23% (p=0,05). 3a 16-remuuii nepuod npocneKkmuerHo20 HAONI0eHUs A0epHbIX cemell Manupecmayus 3aoone-
sanus npousouwina y 8,4% cubcos. Ilpu anansusze yacmomol 6cmpevaemocmu aymoanmumen (a/m) NOAYYEHO, YMo a/m 00Cmo8epHO
yaue onpedeasaucs y 3abonesuiux 00 manugecmayuu 3a601e6anusi, yem y 6oavrvix CI 1 6 HauarvHom nepuode u 'y 300p08uix cubcos
(cubcol, He pazsusuile 3ab60esanue 6 mewenue ece2o nepuoda naoardenus): 90%, 48,6% u 31% coomeemcmeenHo.

Sakarouenue. 3a 16-1emuuii nepuod nPpocneKmMuHo20 HAOAIO0eHUs 3G A0EPHbIMU CEMbIMU MAHUGecmayus 3a601e6anHuUs NPOU30-
waa 'y 8,4% poocmeennuxoe 1-ii cmenenu poocmea (bpam/uru cecmpa 6oavrozo CA1), umo npegviuiaem paccuumanHbiili SMnu-
puyecku 20 nem Hazao puck 04s cubcos — 6,4%. 90% 3abonsesuiux cubCo8 A6AAAUCL HOCUMENIMU 2ANA0MUNOE BbICOK020 PUCKA
(DQ2 u/uau DQS) u ummyHnoroeuueckux HapyuleHuii (nepcucmenyis NOA0JICUMENbHBIX AYMOAHMUMen), 4mo NoOmeepHcoaem Uux ebl-
COKYI0 NPOCHOCHUYECKYIO 3HAYUMOCHb.

Karoueevte caosa: caxapnuiii duabem I muna; eenemuueckasn npedpacnonoxcennocms; HILA-eanasomunvi; eenomunsi; aymoanmu-
meaa K [3-kaemkam
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For 40 years, research continues to improve the forecasting methods and the development of effective and safe methods of preventing
type 1 diabetes mellitus (T1DM).

Aim. Prediction of the early preclinical stage of TIDM.

Materials and methods. We studied the predisposing and protective haplotypes (HLA-DRBI, gene DQ) together with immunological
markers (ICA, GADA, 1AA) in 224 discordant/concordant families.

Results. At the Endocrinology Research Centre, population and family risks of the development of TIDM in Russia were calculated
on the basis of population genetic approaches. The analysis of the prevalence of HLA genotypes among T1DM patients revealed that
the high-risk haplotypes in the structure of genotype(s) DQ2 and/or DQS in combination with the others were 78%: of these genotypes
DQ2/DQ8, DQ2/DQ2, and DQS/DQS accounted for 35%; DQ2/X* and DQSE/X* accounted for 43%, and the low-risk genotype
X*/X* accounted for 22%. The genotype X/X consisted of weaker predisposing haplotypes that were specific to the Russian population
in combination with neutral haplotypes or those consisting of neutral haplotypes only. The analysis of patients with T1DM genotypes
revealed that high-risk genotypes (DQ2/DQ8) were more common in ill children up to the age of 5 (33% of cases) than in TIDM
children over 10years (23%) (p=0.05). Conversely, the low-risk genotypes were significantly less likely to be found in children with
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manifestations of diabetes up to 5 years than in sick people over 10 years [5% and 13%, respectively (p <0.05)]. This is consistent
with hereditary load of diabetes manifestations in young children and with the earlier data. The 16-year prospective surveillance
showed that the manifestation of the disease occurred in 8.4% of siblings. The analysis of the frequency of autoantibodies revealed
that autoantibodies were identified the most reliably prior to the manifestation of the disease compared with T1DM patients in the
initial period and healthy siblings (eldest siblings without the disease during the whole monitoring period): 90%, 48.6% and 31%,
respectively, p <0.05.

Conclusion. The 16-year prospective surveillance in families with T1DM showed that the frequency of recurring diabetes cases was
8.4%, which exceeds the siblings’ rate of risk of 6.4% that had been empirically calculated 20 years ago. This may be due to an increase
in the incidence of T1D in the population and different methodological approaches (one-time screening versus long-term monitoring).

Keywords: type 1 diabetes; genetic susceptibility; HLA-haplotypes; genotypes, phenotypes; autoantibodies to beta-cells
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T he incidence of type 1 diabetes mellitus (T1DM) is
increasing in many countries throughout the world.
Over the past 40 years, the incidence has increased
by 3.5% per year worldwide and by 2.8% per year in Russia.
According to the State Registry of Patients with Diabetes
Mellitus, as of 1 January 2013, there were 19,548 children
and 9,942 adolescents diagnosed with TIDM in Russia. In
2013, the International Diabetes Federation (IDF) reported
an incidence of 12.1 cases per 100,000 children [1, 2]. The
highest increase in the incidence of TIDM has occurred
in younger children. During 2001—-2011, the incidence in-
creased by 8.15% and 10.3% in children aged 0—4 years and
5—9 years, respectively, compared with 4.7% in adolescents
(Shiryaeva T.Yu., 2013). Furthermore, the incidence of
T1DM in young children in Europe is predicted to increase
2-fold by 2020 [3, 4]. Therefore, research into methods to
predict and prevent T1DM is particularly important and rel-
evant.

Over recent years, new research has resulted in changes
to George Eisenbarth’s widely accepted theory on the
pathogenesis of TIDM (Fig. 1). Approximately 50—60%
of TIDM cases are associated with polymorphisms of HLA
class 2 genes and the other 40% are associated with poly-
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morphisms of other genes, including insulin, CTLA4 and
PTPN22, which perform different roles in the coordination
of the immune response. Genetic factors are involved in the
development of TIDM, not only during autoimmune induc-
tion but also throughout the progression of the disease. Dis-
ease development is influenced by both TIDM-predisposing
genes and T1DM-protecting genes. In addition, the quanti-
tative and qualitative impact of a number of environmental
factors, present from birth to disease onset, is also important
in the development and progression of TIDM. The destruc-
tion of B-cells varies over time and depends on the presence
of insulitis and the ability of B-cells to regenerate [5].

The increasing incidence of TIDM observed in recent
decades may be a result of new and/or increasingly potent
negative environmental factors and a possible time-depen-
dent change in the contribution of genetic factors to the de-
velopment of TIDM.

Aim
The aim of this study was to conduct prospective sur-

veillance of families of TIDM patients and to predict the
development of TIDM in siblings.
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Fig. 1. A model of the T1DM pathogenesis.
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Materials and methods

Healthy siblings from 224 concordant/discordant
families of TIDM patients (brother/sister of the TIDM
patient; N = 223; mean age: 10.9 5.9 years) were studied
for predisposing and protective haplotypes (HLA-DRB1
and DQ genes) in combination with immunological mark-
ers [islet cell cytoplasmic autoantibodies (ICA), insulin
autoantibodies (IAA) and glutamic acid decarboxylase
autoantibodies (GADA)]. In addition, molecular genetic
studies (study of the HLA-DRBI1 and DQ genes) were per-
formed in a random sample of 649 TIDM patients (mean
age: 7.8 £ 6.2 years) living in the Russian Federation. The
control group consisted of 300 healthy individuals living
in Moscow or the Moscow region, with no past history
of TIDM or other autoimmune diseases. All participants
were ethnically homogeneous Russians (according to
passport data) who were not relatives.

All participants provided informed consent prior to
taking part in the research program.

HLA genotyping was performed in the Laboratory of
Immunology and Genetics (headed by O.N. Ivanova, MD)
using allele-specific polymerase chain reaction (DNA
Technology LLC, Russia). Enzyme-linked immunoas-
say with Isletest-ICA, -GADA and -1AA kits (Biomerica,
Germany) was used to investigate immunological markers.

Data processing and statistical analysis were performed
using STATISTICA (version 6, StatSoft, www.statsoft.
com) and Microsoft Office Excel 2003 software. Statisti-
cal analysis of the frequency and distribution of genotypes
was performed using contingency tables and chi-square
test (?) with Yates’ correction for continuity to assess the
significance of differences (p) in the frequency distribu-
tion. Differences were considered significant at p < 0.05.
The odds ratio (OR) was calculated using the method de-
scribed by Bland (2000).

Results and discussion

Here we report the findings of a long-term (16-
year) prospective surveillance study on the development
of TIDM in concordant/discondarnt families with =1
T1DM patients, conducted at the Paediatric Endocrinol-
ogy Department of the Endocrinology Research Centre in
Moscow, Russia. This study used population genetic ap-
proaches to calculate population and family risks of devel-
oping TIDM in Russia [6].

The population risk of developing TIDM was 0.2%
(Fig. 2). At a family level, the more TIDM cases present
in a family, the higher was the risk of other family mem-
bers developing TIDM. In families affected by TIDM,
on average, the risk of another family member developing
T1DM was 5%. In families with 2 TIDM children, the
risk of a sibling developing TIDM was 9.5%. If both par-
ents had TIDM, the risk of a child developing TIDM was
increased to 34%. The family risk of developing TIDM
also depended on the age of disease onset in the proband
(the affected individual in the family). The earlier a child
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Fig. 2. Risk of TIDM in the Russian Federation.

developed T1DM, the higher was the risk for that child’s
siblings. For example, if disease onset in a proband oc-
curred before 20 years of age, the risk of developing TIDM
for a sibling was 6.4%. If the onset occurred after 20 years
of age, the risk for a sibling was 1.2%. These results are
consistent with the findings of similar studies in other

countries [7].

The first step in predicting the development of TIDM
is to determine the genetic risk for the proband. Up to
60% of the genetic predisposition to TIDM is determined
by HLA class 2 genes [8, 9]. Therefore, it is important to
identify HLA haplotypes and genotypes. In TIDM chil-
dren and adolescents in the Russian population, 5 predis-
posing and 3 protective haplotypes were identified.

* According to the risk for TIDM, of the predisposing
haplotypes, the DQ8 - DRB1*4-DQA1*301-
DQB1*302 haplotype, typical of northern Europe, was
placed first (OR =4.7).

+ The DRBI1*4-DQA1*301-DQB1*304 haplotype,
specific for the Russian population, was placed second
(OR =4).

«+ The DQ2 - DRBI*17-DQAI1*501-DQB1*201
haplotype, typical of southern Europe, was placed
third (OR = 2.7).

+ The DRBI1*16-DQA1*102-DQB1*502/4 haplotype,
unique to the Russian population, was placed fourth
(OR =2.4).

+ The DRBI1*-DQAI1*101-DQBI1*501 haplotype,
typical of the Russian population and Europe, was
placed fifth (OR = 1.9).

Protective haplotypes in the Russian population were
identical to those of European populations [10]:

« DRBI1*15-DQA1*102-DQB1*602/8 (OR = 0.16);

« DRBI1*11-DQA1*501-DQB1*301 (OR = 0.14);

« DRBI1*13-DQA1*103-DQB1*602/8 (OR = 0.08).
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Analysis of the prevalence of HLA genotypes revealed
that 78% of T1DM patients had high-risk haplotypes in
the DQ2 and/or DQS8 genotypes in combination with
other genotypes (DQ2/DQ8, DQ2/DQ2 and DQS§/DQS:
35%; DQ2/X* and DQ8/X*: 43%). The low-risk genotype
X*/X* was present in 22% patients. The X/X genotype was
associated with weaker predisposing haplotypes specific
for the Russian population in combination with neutral
haplotypes or with only neutral haplotypes.

Data on the frequency of predisposing and protective
HLA haplotypes/genotypes in TIDM patients should be
taken into account when assessing risk in their healthy sib-
lings. The highest genetic risk of developing TIDM is as-
sociated with the heterozygous DQA1*0501-DQB1*0201\
DQA1*0301-DQB1*0302 - DQ2/DQ8 genotype. Medium
or moderate risk is determined by a combination of the
high-risk haplotype with other haplotypes (DQ2; DQS).
Low genetic risk (X/X) is determined by the absence of
high-risk haplotypes and the presence of protective and
neutral haplotypes or low-risk haplotypes [6, 10].

Based on an individual assessment of the genetic risk
in the families with TIDM children, the following disease-
risk categories were determined:

» High-risk group: 15% (N = 33, 11.5 £ 6.0 years)
+  Medium-risk group: 50% (N = 114, 11.6 £ 5.6 years)
*  Low-risk group: 35% (N = 76, 12.5 £ 5.9 years)

During the 16-year prospective surveillance of con-
cordant/discondarnt families, the onset of TIDM oc-
curred in 8.4% of first-degree relatives (brother or sister)
of the TIDM patient, which is higher than the risk for
siblings (6.4%) calculated empirically 20 years ago. As
shown in Fig. 3, over the years of the study, the number of
affected individuals in the high-risk group remained high
and increased (13%, 19% and 21%). However, the num-
bers of affected individuals in the medium- and low-risk
groups remained virtually unchanged (7%, 9% and 9% and
3.2%, 2.6% and 2.6%, respectively). Analysis of siblings
who developed TIDM revealed that 90% were carriers of
high-risk haplotypes. The remaining 10% of the affected
siblings had weakly predisposing or neutral haplotypes.

Analysis of cases of TIDM developing in the siblings
of TIDM patients revealed a positive correlation between

the age of TIDM onset in a sibling and in a proband (R
= 0.33, p <0.05) and a negative correlation between the
age of TIDM onset in a sibling and the genetic risk (high,
medium or low; R = -0.34, p <0.05).

A previous study found that in young children, the
presence of multiple autoantibodies in combination with
highly predisposing HLA haplotypes and genotypes was
associated with a very high risk of developing TIDM,
reaching 90% during a 10-year observation period [5].
In the present study, autoantibodies were significantly
more likely to be detected in affected siblings before the
onset of disease compared with TIDM patients in the
initial period and healthy siblings who remained disease-
free throughout the observation period (90%, 48.6%
and 31%, respectively; p <0.05). A similar pattern was
observed for several autoantibodies in affected siblings
before disease onset and healthy siblings compared with
patients in the initial period of TIDM in whom insuli-
tis had settled over time (the mean disease duration at
the time of blood sampling for antibodies was 3 months);
autoantibodies were detected in 74%, 14.6% and 8.1%,
respectively (p <0.05). These findings identified an au-
toimmune process that is most active in affected siblings
during the preclinical stage before the onset of TIDM
and confirmed the importance of immunological markers
in predicting TIDM (Fig. 4).

In light of the increasing onset of TIDM in younger
children and the fact that the genotype of 10% of the af-
fected siblings lacks highly predisposing HLA haplotypes,
the frequency of markers of different genetic risk catego-
ries was analysed by patient age and year of diagnosis.
As shown in Fig. 5, the high-risk genotypes (DQ2/DQ8)
were significantly more prevalent in children who devel-
oped TIDM before the age of 5 years (33%) compared
with children who developed TIDM after the age of 10
years (23%; p = 0.05). Conversely, the low-risk genotypes
were significantly less prevalent in children who developed
T1DM before the age of 5 years compared with those who
were affected after the age of 10 years (5% and 13%, re-
spectively; p <0.05). These findings were consistent with a
large hereditary load of TIDM in young children and were
consistent with previous data.

High risk Medium risk Low risk
25 25 25
21
20 19 20 20
15 15 15
32 ® N
10 10 9 9 10
7
5 5—:I 5 3,2 2,6 2,6
. . JEdAraEn
10years 13 years 16 years 10 years 13 years 16 years 10 years 13 years 16 years

Surveillance duration

Fig. 3. Dynamics of the DM frequency in siblings from different risk groups depending on the surveillance duration (T1DM onset in siblings for

the 16-year period is 8.4%).
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Fig. 4. Autoimmunity in affected siblings compared to healthy
siblings.

Results of the analysis of the frequency of HLA geno-
types in TIDM patients for the past 20 years, depending on
the year of diagnosis, are shown in Fig. 6. In patients who
developed T1DM during 2000—2009, there was a trend
towards a lower prevalence of high-risk (DQ2/DQ8) and
medium-risk (DQ2/X and DQ8/X) genotypes compared
with patients who developed TIDM during 1990—1999
(high risk: 28.5% and 26%, respectively; medium risk:
57.7% and 53%, respectively; p >0.05).

Analysis of the low-risk X/X genotypes revealed a clear
trend towards a higher prevalence of low-risk genotypes
in patients diagnosed with TIDM in 2000—2009 com-
pared with patients diagnosed in 1990—1999 (21.5% and
13.8%, respectively; p = 0.07).Similar studies have been
conducted in Finland and Australia, using a larger sample
of patients (Fig. 7). In patients who were diagnosed in
2000, the prevalence of high- and medium-risk genotypes

353

30
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5-

07

High risk (DQ2/DQ8) Low risk (X/X)

%
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[1 Age5-10years
HLA genotypes

Fig. 5. Frequency of HLA genotypes in T1DM patients depending on
the age of disease onset in a TIDM patient.
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Fig. 6. Frequency of HLA genotypes in T1DM patients depending on
the year of the diagnosis.
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was lower than that in patients who were diagnosed before
1970 (18% and 25%, respectively; p = 0.07). Conversely,
the low-risk genotypes, particularly the protective geno-
types, were more prevalent in TIDM patients diagnosed
in 2000 than in patients diagnosed before 1970 (13% and
6%, respectively; p = 0.0004) [11, 12].

The increase in the number of individuals with low-risk
genotypes developing TIDM over the last 20 years may be
indirect evidence of an increasing role of the environment
in the pathogenesis of T1DM. Another possible explanation
for the development of TIDM in the 22% of patients with-
out high-risk haplotypes is the involvement of other genetic
systems currently being investigated. Insulin resistance in
the increasing number of obese/overweight children may be
a trigger for the development of islet autoimmunity under
the influence of environmental factors in TIDM patients
with low genetic risk. The stability of the high-risk genotype
(DQ2/DQ8) over many years suggests that it is resistant to
environmental influences and is central to the autoimmune
response in the development of TIDM.

Therefore, the development of TIDM can be repre-
sented as shown in Fig. 8. The younger the patient, the
greater is the role of predisposing genotypes and multiple
autoantibodies, which determine a more aggressive pro-
gression of the disease and a lower level of insulin secre-
tion at onset [13].

Conclusion

« A l6-year prospective surveillance study of
concordant/discondarnt families of TIDM patients
found that the risk of siblings developing TIDM was
8.4%, which was higher than the risk empirically
calculated 20 years ago (6.4%). This discrepancy may
be the result of an increase in the incidence of TIDM
in the population, although it may also reflect different
methodological approaches (one-stage screening vs.
prospective surveillance).
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Fig. 7. Distribution of HLA DR-DQ genotypes in TIDM patients.

Among the siblings who developed TIDM, 90% were
carriers of the high-risk haplotypes DQ2 and/or DQS8
and were positive for autoantibodies, confirming the
high predictive value of these markers.
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