
Summary 

Selective destruction of insulin-producing pancreatic β cells underlies type 1 diabetes, 

which is a genetically determined multifactorial disease. The knowledge of the pathogenesis 

of the disease seems to be still insufficient. An important role in the development of type 1 

diabetes is attributed to environmental factors, e.g. viral and bacterial infections, food 

components, drugs, and toxins, which seem to merely trigger the onset of the disease. The 

destructive cascade is initiated by antigen-presenting dendritic cells. These are elements of 

previously damaged cells (e.g. during a viral infection), viruses (similar to auto-antigens - the 

phenomenon is referred to as immunological mimicry), and sometimes cells that exhibit an 

antigen-presenting ability. They present own antigens to autoreactive T helper cells, which 

activate humoral and cellular response. Specific antigens and activated cytotoxic cells are 

responsible for damage to host tissues.   

Regulatory T cells (Treg) probably provide protection from development of 

autoimmunological process. Their function in the organism involves active suppression of 

excessive immune response, as they are capable of inhibition of proliferation and release of 

cytokines by activated immune cells. 

Natural killer cells are a type of cytotoxic lymphocyte critical to the innate immune 

system. NK cells from patients with type 1 diabetes (DM1) have numeric and functional 

abnormalities. The role of NK cells in the complex pathogenesis of type 1 diabetes is 

probably associated with their ability to kill target cells and interaction with antigen-

presenting cells and T cells. 

CD3(+) CD56(+) natural killer T (NKT)-like cells are a subset of T cells characterized 

by co-expression of the T-cell receptor and NK receptors as well as potent antitumour 

activity. It has also been suggested that they have a role in autoimmune disease, including 

diabetes mellitus type 1 (DM1). 

The aim of study is to determine the role of regulatory T cells, NK cells, and NKT-

like cells in the pathogenesis of type 1 diabetes, the suitability of the analysed subpopulations 

in the diagnosis of type 1 diabetes and prediabetes, and the importance of the analysed cell 

subpopulations in children other DM1-associated autoimmune diseases. 

Patients and methods: The study group consisted of 207 children,  76 patients with 

type 1 diabetes mellitus from 2 to 22 years old, including 30 girls (39,47%) and 46 boys 

(60,53%), and 101 healthy children - siblings of the patients with type 1 diabetes mellitus 

from 7 months to 27 years old, including 51 girls (50,50%) and 50 boys (49,50%). The 

control group consisted of 30 healthy children - 9 girls (30%) and 21 boys (70%) - from 6 to 

14 years old. These groups did not differ significantly in gender distribution. An original 

survey was carried out among legal guardians of all the examined children, with questions 

about type 1 diabetes and other autoimmune diseases. 

The fasting and random plasma glucose concentration and the insulin, C-peptide, and 

glycosylated haemoglobin concentrations were determined in the group of healthy siblings of 

children with type 1 diabetes mellitus and in the control group. In the group of children with 



type 1 diabetes, serum glucose, C-peptide, and HbA1c leves were assessed retrospectively at 

diagnosis. The insulin concentrations were not determined in this group. TSH and fT4, 

ACTH, cortisol, sex hormones, and autoantibodies against thyroid tissue (a-Tg, a-TPO) were 

determined in all the children. Anti-pancreatic β cell antibodies (anti-GAD, anti-IA2, and 

anti-ZnT8) were determined with the ELISA assay. The percentage of regulatory T cells, NK 

cells, and NKT-like cells were characterized by flow cytometry FACSCalibur (Becton 

Dickinson, USA). Descriptive statistics, nonparametric tests, and ROC curves were used in 

the analysis of the results. Statistical significance of the test results was assumed when the 

significance level was less than or equal to 0.05. The results were analysed with 

STATISTICA 10 PL. 

Results: We found no significant differences between boys and 

girls in groups of children in terms of the following parameters: age, BMI, concentrations of 

glucose, HbA1c, insulin, C-peptide, TSH, fT4, ACTH, cortisol, a-Tg, a-TPO, anti-GAD, anti-

IA2, and anti-ZnT8 autoantibodies, and the percentage of NK, NKT-like, and Treg cells in all 

groups of subjects. 

No hormonal disorders in the pituitary-thyroid, pituitary-adrenal, and pituitary-gonad 

axes were diagnosed in the analysed groups. No type 1 diabetes was diagnosed in any of the 

siblings or controls. 

In the group of patients with type 1 diabetes, 10 patients were diagnosed with 

coexistence of Hashimoto’s thyroiditis, 3 patients had celiac disease, and there was 1 case of 

Graves’ disease, 1 patient with alopecia areata, 1 patient with vitiligo, and 1 with JIA. In the 

group of siblings, 2 patients had Hashimoto’s thyroiditis and 1 had celiac disease. 

There were no significant differences between the groups of children with DM1, their 

siblings, and control in the parameters: age, BMI, ACTH, autoantibodies a-Tg, and a-TPO.  

The study identified statistically significant differences (p=0,0000001) in the 

parameters of carbohydrate metabolism (glucose, HbA1C, C-peptide) between 

the group of children with type 1 diabetes mellitus and the control group. In addition, we 

found significant differences in glucose, HbA1C, and insulin levels between the siblings and 

the control group (p=0,0000001; p=0,005; p=0,007; respectively). 

In the children with type 1 diabetes mellitus, we found 

significantly lower levels of cortisol (mean 10,24 ug/dL) compared to the control (mean 13,32 

ug/dL) (p=0,005). Moreover, there were significantly lower levels of cortisol in the sibling 

group (mean 9,34 ug/dL) compared to the control (p=0,00002).  

In the group of children with type 1 diabetes mellitus, we found a significantly higher 

percentage of regulatory T cells (median 0,19%) compared to the sibling group (median 

0,11%) (p=0,004). There were no significant differences in the Treg cell percentage between 

the sibling group and the control (p=0,09). 

The percentage of NK cells in children with type 1 diabetes mellitus (median 10,06%) 

and in the group of their siblings (median 11,06%) was significantly lower in comparison to 

the control (median 12,53%) (p=0,002, p=0,02; respectively).  

There were no significant differences between all groups in the percentage of NKT-

like cells.  



In the study, we found a significant non-parametric correlation between the percentage of 

NK cells, NKT-like cells, regulatory T cells and age, BMI, the level of glucose, insulin, HbA1C, C-

peptide, autoantibodies: a-Tg, a-TPO, anti-GAD, anti-IA2, anti-ZnT8 in all groups of children. In 

the siblings of patients with type 1 diabetes mellitus, we found the following significant 

nonparametric positive correlations: the percentage of NKT-like cells and anti-IA2 autoantibodies 

(r=0,37; p=0,002) and  the percentage of NK cells and anti-IA2 with anti-GAD autoantibodies (Z=-

2,02; p=0,04). In these groups, we found significant nonparametric positive correlations between the 

percentage of NK or NKT-like cells and the level of a-TPO autoantibodies (r=0,33, p=0,0000001; 

r=0,61, p=0,0000001, respectively). The number of NK and NKT-like cells increased in subjects 

with a high level of a-TPO antibodies. The number of NKT-like cells was correlated with the level 

of C-peptide (r=0,31; p=0,009). Moreover, we found a significant nonparametric positive 

correlation between the percentage of NK cells and NKT-like cells (r=0,27; p=0,008) in children 

from these groups. All the identified significant correlations are positive, suggesting their synergistic 

effect in development of the autoimmunological process. 

The results of the ROC curve analysis facilitated determination of the usefulness of 

monitoring the percentage of regulatory T cells, NK cells, and NKT-like cells in type 1 diabetes 

mellitus. The percentage of NK cells (AUC=0,66; p=0,0072) discriminated healthy and diabetic 

children with sensitivity of 55% and specificity of 60%. The number of NK cells was lower in type 

1 diabetes mellitus in comparison to the group of healthy children. The percentage of regulatory T 

cells and NKT-like cells did not discriminate healthy and diabetic children. 

Conclusions:  

1. The percentage of NK cells in peripheral blood is an effective parameter for 

differentiation between children with type 1 diabetes and healthy subjects. Determination of Treg 

subpopulations and NKT-like cells is not useful for DM1 diagnosis. 

2. Determination of NK subpopulations in peripheral blood can be an effective method for 

selection of a group of patients among siblings of diabetic and healthy children threatened with the 

development of type 1 diabetes. 

3. A higher percentage of regulatory T cells in the group of children with type 1 diabetes 

mellitus compared to the sibling group and the control indicates the participation of these cells in the 

etiopathogenesis of DM1. 

4. A lower percentage of NK cells in children with type 1 diabetes mellitus in comparison to 

the group of their siblings and to the control prove their probable preventive effect in the 

development of DM1. 

5. The number of NK, NKT-like, and regulatory T cells in DM1 children does not change in 

patients with type 1 diabetes and associated autoimmune diseases (celiac disease or AITD). 

6. Subpopulations of NK and NKT-like cells are probably involved in the etiopathogenesis 

of AITD in healthy children and siblings of diabetic patients.  


