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One of the most common endocrine disorders in children and adolescents, Diabetes 

mellitus (DM), is a chronic, polygenic and complex illness. Based on etiology, DM can be divided 
into two basic groups: Diabetes mellitus type 1 (DMT1) and Diabetes mellitus type 2 (DMT2). 
DMT1 is a disease mediated by immune mechanisms based on the autoimmune destruction of 
insulocyte by immunoreactive T cells and antibodies which leads to insulin resistance and 
hyperglycemia syndrome.  

Several different molecular mechanisms contribute to the destruction of β-cells of 
Langerhans islets, such as: the production of autoantibodies directed against antigens on 
insulocytes, lysis of Langerhans islets mediated by cytotoxic CD8+ T lymphocytes, local 
production of cytokines (TNF and IL-1) by macrophages that damage insulocytes and delayed 
hypersensitivity reactions mediated by CD4+ Th1 lymphocytes.  

The most important genes that show a high degree of association with DMT1 are found 
in the region which encodes MHC (major histocompatibility complex) of molecules class I and 
II. However, there is very strong evidence of association of other genes (outside of the MHC 
gene domain) with the expression of DMT1. These are: insulin gene (INS), Cytotoxic T-
Lymphocyte Associated Protein 4 (CTLA4), Protein Tyrosine Phosphatase Non-Receptor Type 22 
(PTPN22), Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2), C-type lecithin gene 
(CLEC16A, KIAA0350), interleukin 2 receptor α gene (IL2RA/CD25), interferon-induced helicase 
gen domain (IFIH1), Potassium Voltage-Gated Channel Subfamily J Member 11 (KCNJ11), 
Platelet and T Cell Activation Antigen 1 (CD226), vitamin D receptor gene (VDR), tumor 

necrosis factor gene (TNF) and lymphotoxin-α (LTA). In addition to these genes, researchers 
are still searching for other genes that are associated with the appearance and expression of 
DMT1.  
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Diabetes mellitus type 1 
 

Diabetes mellitus type 1 (DMT1) is an im-
mune-mediated disease based on the autoimmune 
destruction of Langernahs pancreatic insulocytes by 
immunoreactive T cells and antibodies, resulting in a 

progressive decrease in the number of insulocytes 
and their ability of insulin secretion leading to insulin 
resistance and hyperglycemia syndrome. This chro-
nically progressive autoimmune disease occurs in a 
person with a genetic predisposition to its develop-
ment. The first symptoms of this disorder most 

commonly occur early in childhood while the disease 

appears in puberty and progresses with age. 
According to the classifications given by the World 
Health Organization (WHO) and ADA, there are two 
types of DMT1. The more common type (1A) be-
longs to autoimmune diseases of complex etiology, 

while the rare type (1B) is characterized by 
idiopathic etiology. Both types are characterized by 
the destruction of β-cells Langerhans’s isles in the 
pancreas in genetically predisposed individuals. This 
occurs under the influence of infectious or toxic 
environmental factors which consequently leads to a 
lack of insulin. Based on the appearance of typical 

symptoms of the disease (polydipsia, polyuria, poly-
phagia), and the presence of elevated blood glucose 
levels, the diagnosis of DMT1 is established.  
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Complications of DMT1 have been common including 

macroangiopathies, such as progressive atheroscle-

rosis of the arteries leading to ischemic sclerosis of 
the extremities and internal organs and microangio-
pathy, i.e., microvascular obstructions leading to 
damage of the retina, renal glomeruli, and peri-
pheral nerves. All mentioned complications of DMT1 

can lead to renal and cardiovascular disease, blind-
ness, and early death of adults, the insulin therapy 
is necessary both for disease control and for pro-
longing the life age. Most people with DMT1 depend 
on external insulin compensation and without in-
sulin, they develop severe metabolic complications 
such as acute ketoacidosis and coma (1, 2).  

 
Etiopathogenesis of DMT1 
 

The mutual action of certain genetic, immu-
nological and environmental factors leads to the ini-
tiation of the process that will affect the destruction 
of type B insulocytes. Environmental factors include 

viral infections (cytomegalovirus, mumps, rubeola, 
coxsackievirus), early infant feeding with cow’s milk, 
additives (nitrosamines) and toxins in food. External 
factors include climate change, stress and vaccina-
tion. These factors can represent a trigger for the 
occurrence of DMT1. Viruses, for example, promote 

the development of DMT1 mainly by molecular 
mimicry (GAD – the glutamic acid decarboxylase 
antigen on type B insulocytes and Coxsackie B4 
virus have similar molecular properties) or non-spe-
cific cytokine-mediated reactions. The onset of dia-
betes is also affected by the secretion of certain 

hormones within physiological limits. The highest 

incidence of this type of diabetes is from 11 to 13 
years of age when the growth hormone is most 
secreted as well as sex hormones that have the 
effect opposite to insulin (3–5).  

There are several molecular mechanisms that 
contribute to the destruction of the β-cells of the 
Langerhans islets. The most important of these are: 

a) production of autoantibodies directed against 
antigens on insulocytes, 

b) lysis of Langerhans’s islets mediated by 
cytotoxic CD8+ T lymphocytes,  

c) local production of cytokines (TNF or IL-1) by 
macrophages that damage the insulocytes, 

d) delayed-hypersensitivity mediated by CD4+ 
Th1 lymphocytes that are reactive to insulocyte 

antigen (including insulin) (6, 7).  
 

Genetic factors that affect the appearance 
of DMT1 

 

DMT1 is a complex, genetically determined 
disease whose development and manifestation also 
depends on environmental factors. Genes that can 
lead to this disease are found in 60 chromosomal 
regions. The most important genes that show a high 
degree of association with DMT1 are found in the 
region that encodes the MHC (major histocompa-

tibility complex) class II molecule located on the 
6p21 (HLA-D) chromosome, as well as the genes for 
MHC class I molecule. MHC genes are designated in 

humans as HLA (human leukocyte antigen) genes. 

Besides these, there are other genes that are 

associated with the manifestation of DMT1, but the 
evidence of their association is still investigated. 
These are: 5' end of insulin gene (INS), gene for 
protein 4 linked to cytotoxic T lymphocyte (CTLA4), 
gene for protein tyrosine phosphatase - 22 

(PTPN22), gene for protein tyrosine phosphatase - 2 
(PTPN2), gene for protein lecithin type C (CLEC16A, 
known as KIAA0350), gene for receptor of α in-
terleukin 2 (IL2RA/CD25), gene region of interferon-
induced helixase (IFIH1), KCNJ11, CD226, gene for 
vitamin D receptor (VDR), genes for tumor necrosis 
factor (TNF) and lymphotoxin-α (LTA) and gene 

regions on chromosomes 12q24, 12q13, 16p13 and 
18p11. In addition to these genes, researchers are 
still searching for other genes that are associated 

with the appearance and expression DMT1 (2, 7, 8).  
 
Human leukocyte antigen 
 

The HLA system plays an important role in 
human immune responses. There are three classes 
of HLA systems with their corresponding functions: 
HLA I (HLA-A, HLA-B and HLA-C), HLA II (HLA-DR, 
HLA-DQ and HLA-DP) and HLA III. The genes HLA 
class I and II encode molecules that have a major 

role in the treatment and presentation of antigen by 
T lymphocytes (9, 10).  

The HLA region of chromosome 6 is res-
ponsible for nearly 50% of the genetic predisposition 
to the development of DMT1. The subregions of DR4 
and DR3 HLA class II are strongly related to the 

occurrence of DMT1 and the combination of DR3 / 

DR4 allele multiplies the risk of illness. It is believed 
that haplotype combinations of class II of the HLA 
gene DR4-DQB1-0302 and DR3-DQB1*0201 are the 
main markers of the tendency towards this disease. 
About 90% of children with DMT1 are carriers of one 
or both of these haplotypes of the gene. It is known 
that about 95% of Caucasians with DMT1 are 

wearing HLA-DR3, DR4 or both antigens. In carriers 
of DR3 and DR4 antigens, the risk of developing this 
disease is increased tenfold (2, 3, 9).  

 
Gene for insulin (INS) 
 

Insulin has a major role in the clinical, genetic 
and immunological aspects of DMT1. Gene for 

insulin is localized to 11p15 chromosome. This gene 
encodes a protein, pre-proinsulin, consisting of 110 
amino acids, which is synthesized by beta cells of 
the Langerhans’s islets. By reaction of proteases that 
eliminate the signal peptide pre-proinsulin is modi-

fied to proinsulin which is transformed into biolo-
gically active insulin after splitting of the C-peptide 
(11, 12).   

The insulin gene locus is the second most 
important locus after the HLA locus which indicates a 
predisposition to the development of DMT1. The 
insulin gene comprises 3 exons and 2 introns, sepa-

rated from each other by several polymorphisms in 
linkage disequilibrium (LD). The insulin locus repre-
sents a variable number of tandem repeats (VNTR) 



Acta Medica Medianae 2020, Vol.59(1)                               The association of genetic polymorphisms with diabetes mellitus type 1. 

127 

in the INS gene promoter. The alleles of this region 

are divided into three classes, I, II and III. Alleles 

class I contain about 570 base pairs (bp) (26-63 
repeats), allele class II have 1200 base pairs 
(around 80 repeats) and allele class III have 2200 
base pairs (140-210 repeats). Studies have shown 
that allele class I are associated with a higher risk of 

developing DMT1 than allele class III that are con-
sidered to have a protective role (13–15). 

The genetic susceptibility mechanism is 
explained in such a way that the own antigens for 
allele class I are less expressed in thymus compared 
to own antigens for allele class III that are two to 
three times more expressed in the thymus. This will 

affect the positive and negative selection of T 
lymphocytes in the thymus. There is the inverse 
pattern of expression in the pancreas (16, 17).  

 
Gene for protein 4 associated with 

cytotoxic T-lymphocyte antigen-4 (CTLA4) 
 

CTLA-4 gene is located on chromosome 2q33. 
It encodes the homonymous molecule localized on 
the surface of activated T-lymphocytes which is 
responsible for suppressing the immune response. 
Inactive T-lymphocytes do not express CTLA-4 on 
their surface while when activating T-lymphocytes 

this molecule binds to the receptor on antigen pre-
senting cells (APC), which stops activation of T-lym-
phocyte thereby interrupting the immune response. 
The CTLA-4 binding to the APC receptor creates an 
inhibitory signal for the production of IL-2 and IL-2 
receptors, as well as the continuation of the cell 

cycle. In this way, CTLA-4 plays an important role in 

the regulation of lymphocytic expansion which leads 
to a gradual reduction of the immune response. 
Changes in the expression of the gene for CTLA4 
can lead to an increase in the autoreactivity or 
reactivity of T-lymphocytes, which may affect the 
onset of autoimmune diseases such as DMT1 (18, 
19).  

The onset of many other autoimmune disea-
ses is associated with the mutation of the CTLA-4 
gene. Mutation of this gene can cause asthma, 
Addison's disease, myasthenia gravis, Sjogren’s syn-
drome, systemic lupus erythematosus, systemic 
sclerosis, ulcerative colitis and thyroiditis (20–23). 

The following polymorphisms of the CTLA-4 
gene have shown the association with DMT1: 49A/G 

in exon 1, CT60 in 3’ UTR (untranslated region), -
318C/T, -1661A/G i -1722C/T in the promoter 
region. Several studies in which the polymorphism 
of CTLA-4 gene was showed that the greatest 
association with DMT1 shows allele G polymorphism 

49A/G of CTLA-4 gene. The SNP CTLA-4 gene is 
associated with the symptoms of DMT1 in several 
human populations (19, 24, 25).  

 
Gene for protein tyrosine phosphatase-

22 (PTPN22) 
 

Gene for PTPN22 is localized to chromosome 
1p13.3-13.1. This gene encodes lymphoid tyrosine 
phosphatase (LYP) which inhibits the proliferation 

and activation of T-lymphocytes (26). LYP in in-

teraction with Csk, C-terminal tyrosine kinase, re-

duces signal transduction via TCR (T-cell receptor), 
thus regulating various cellular activities including 
cell growth, differentiation, division and apoptosis. 
The polymorphism at position 1858 within this gene, 
when cysteine is replaced by thymine leads to a 

mutation at the codon 620 for LYP. This mutation 
leads to the loss of interaction between LYP and Csk 
which creates conditions for inadequate prolonged 
activation of T-lymphocytes leading to autoimmunity 
and the possibility of DMT1 (8, 19).  

The variant of PTPN22 R620W  is associated 
with multiple autoimmune diseases such as lupus 

erythematosus, rheumatoid arthritis, juvenile idio-
pathic arthritis, multiple sclerosis, autoimmune thy-
roiditis, psoriasis and Addison's disease, as con-

firmed by more studies in Europe and the United 
States (27, 28).  

 
Gene for the α interleukin 2 receptor 

(IL2RA/CD25) 
 
The CD25 gene is located on chromosome 

10p15. This gene encodes the α-chain IL-2 receptor 
which is expressed for several hours after antigen 
activation on CD4+ and CD8+, as well as on regu-

latory T-lymphocytes. Only after the formation of 
the third subunit of the IL-2 receptor (α-chain) this 
receptor can bind IL-2. IL-2 generates the same 
cells that this interleukin acts through its receptor. 
IL-2 is also referred to as T-lymphocyte growth 
factor, because its basic activity is stimulation of T-

lymphocyte proliferation, that is, the stimulation of 

the entry of T-lymphocytes into the cell cycle and 
their consequent division. This leads to an increase 
in the number of antigen-specific T-lymphocytes. 
Expression of CD25 on regulatory T-lymphocytes is 
an important factor in suppressing the T-cell im-
mune response and consequently also on the pro-
tection against the onset of autoimmune diseases. 

However, mutations on this gene in humans lead to 
severe forms of autoimmune diseases, including 
DMT1 (8, 29).  

 
The genetic region for interferon-induced 

helicase (IFIH1) 

 
The genetic region for interferon-induced he-

licase (IFIH1) is located on chromosome 2q24. 
IFIH1 encodes cytoplasmic viral sensor melanoma 
differentiation associated protein 5 (MDA5). After 
viral infection, MDA5 binds to viral RNA chains ac-
tivating transcriptional factors (IRF7, IRF3, IRF1 and 

NFκB) which induce the formation and secretion of 
several proinflammatory factors, interferons and in-
terleukins: INF-α, INF- β, INF- γ IL-1, IL-6, IL-8. 
Proinflammatory cytokines activate NK and T-lym-
phocytes, then attract dendritic cells, macrophages, 
and granulocytes to the site of infection leading to 
the destruction of beta cells of the pancreas. In this 

way, the presentation of the own antigens of the 
pancreatic beta cells to the immune system is in-
creased resulting in an autoimmune reaction, which 
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is a trigger for the development of DTM1. This con-

firms the fact that viruses can contribute to the 

initiation of DMT1 (27, 30). 
Several polymorphisms of IFIH1 gene locus, 

rs1990760 or Thr946Ala, rs2111485, rs3747517, 
and rs13422767, are associated with the emergence 
of DMT1 (31).  

 
Gene for vitamin D receptor (VDR) 
 
DMT1 is a common autoimmune endocrino-

pathy in which the deficiency of Vitamin D can be 
one of the causes of its initiation. It has been shown 
that the application of 1,25-dihydroxy vitamin D3, in 

the experimental model of animals suffering from T-
cell-dependent autoimmune diabetes reduces the 
incidence of this disease. The way in which disease 

progression is stopped is not yet fully clarified but 
there is evidence of cytokine modulation of T helper 
(Th1/Th2) lymphocyte balance in local pancreatic 
lesions. Recent studies show that a significant pa-

thophysiological role in the onset of diabetes mellitus 
has a specific vitamin D (VDR) nuclear receptor, 
which is particularly expressed on monocytes and 
activated T-lymphocytes. By binding the ligand to 
VDR receptor there is a decrease in secretion of 
cytokines (IL-1, IL-2, IL-6, IL-12, TNF, and inter-

feron-γ) (32, 33) involved in the pathogenesis of 
autoimmune diseases. In this regard, it has been 
shown that VDR receptor polymorphism has an 
effect on the occurrence of DMT1 (34, 35).  

The VDR gene is localized to a long arm of 
chromosomes 12 and 14. Although there are many 

polymorphisms of this gene only four SNPs have 

been tested so far:  
- Bsm1 (rs1544410),  
- Fok1 (rs10735810),  
- Apa1 (rs7975232) and  
- Taq1 (rs731236).  
All of the aforementioned polymorphisms are 

associated with some of the autoimmune disorders 

in humans, such as celiac disease, multiple sclerosis, 
systemic lupus erythematosus, rheumatoid arthritis 
and Hashimoto thyroiditis (36, 37).  

 
Genes for tumor necrosis factor (TNF) 

and lymphotoxin-α (LTA) 

 
The tumor necrosis factor (TNF) is a proin-

flammatory cytokine. It belongs to TNF superfamily 
of cytokines. It is also marked as TNF-α, to differ 
from TNF-β, which is also called lymphotoxin (LTA). 
Cells which secrete TNF are activated phagocytes, 
antigen-stimulated T-lymphocytes, NK cells and ma-

stocytes (35).  
There are two types of TNF molecules, 

membrane, and secretion. Membrane TNF (mTNF) is 
a non-glycose type II membrane protein with the 
intracellular amino-terminal end and a large extra-
cellular carboxy-terminal end. Secretory TNF (sTNF) 
has a triangular pyramidal shape where each side of 

the pyramid forms on a subunit of this molecule. 
Biologically active forms are trimer forms of protein, 
homotrimer (23, 38).   

Biological functions of TNF are carried out 

over two types of external membrane receptors 

TNFR1 and TNFR2. By binding the ligand to the 
receptors, signal pathways for apoptosis are acti-
vated, nuclear kappa factor B (NF-kappa B), ERK-
kinase, p38 protein kinase, and c-Jun-N-terminal 
kinase. The biological effects are stimulation of 

migration and activation of leukocytes at the site of 
infection, induction of expression of adhesion mole-
cules (selectins and integrins) on endothelial cells, 
inhibition or induction of apoptosis. TNF also works 
on macrophages, stimulating them to produce IL-1, 
which has a similar role to TNF (29, 35, 38, 39)  

The TNF encoding genes are located on a 

short arm of chromosome 6, in class III of the MHC 
locus, between the HLA-B and the HLA-DR gene. It 
has been proven that there is a strong bond 

between THF allele with DR haplotypes, such as 
HLA-A1-B8-DR3 and Bw62-DR4. Both alleles are 
expressed in patients with DMT1. The most re-
searched TNF polymorphisms associated with DMT1 

are rs1800629 (at position 308) and rs361525 (at 
position 238) (40).  

 
Gene CLEC16A and gene for protein 

tyrosine phosphatase-2 (PTPN2) 
 

Gene CLEC16A (C-type lectin domain family 
16, also known as KIAA0350) is localized on 
chromosome 16p13 and encodes a protein with Ca+ 
dependent or type C lectin binding structure. This 
protein plays important roles in binding carbo-
hydrates, cell adhesion, and pathogen recognition. 

KIAA0350 is almost exclusively expressed in cells of 

the immune system (dendritic cells, NK cells, B 
lymphocytes). These cells are crucial in the pa-
thogenesis of DMT1 which indicates that modulation 
of immunity contributes to the onset of disease. 
Several polymorphisms of the KIAA0350 gene 
(rs2903692, rs725613, rs17673553 and 12708716) 
are associated with the occurrence of multiple scle-

rosis and DMT1 (29, 41).  
PTPN2 (also known as TC-PTP or PTP-S2) 

gene, which is localized on chromosome 18, encodes 
tyrosine phosphatase 2 which is a negative regulator 
of inflammatory processes and is particularly present 
in immune system cells (CD4+ T-lymphocytes and 

B-lymphocytes), but also in pancreatic β-cells and 
intestinal enterocytes. This molecule inhibits the 

STAT1 transcription factor in the IFN signaling 
pathway, whereby the downregulation type I (IFNα 
and IFNβ) and type II (IFNγ) IFN receptors are 
activated. The inhibition of PTPN2 expression in pan-
creatic insulocytes and intestinal enterocytes leads 

to the activation of STAT and the subsequent 
formation of apoptosis through Bim proteins and the 
mitochondrial pathway of activation. This suggests 
that polymorphism of the PTPN2 gene can cause β-
cell apoptosis and loss of the intestinal epithelial 
barrier followed by the appearance of symptoms of 
DMT1. Too early start of intake of cow's milk or 

gliadin from wheat in children, as well as the viral 
infections, are the most common triggers that can 
cause the onset of DMT1 and β-cell autoimmunity, 

128 
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caused by polymorphism of the PTPN2 gene (42, 

43). Polymorphisms of this gene (rs478582, 

rs1893217, and rs2542151) were also identified in 
persons suffering from inflammatory intestinal di-
sease, celiac disease and rheumatoid arthritis (28).  

 
Potassium voltage-gated channel subfamily 

J member 11 (KCNJ11) 
 
The KCNJ11 gene (gene for the potassium 

voltage channel, subfamily J, member 11) is 
localized on a short arm of chromosome 11 at po-
sition 15.1. This gene encodes the formation of four 
subunits of the hetero-octamer complex of the ATP-

sensitive potassium channel (KATP), while the other 
four subunits are encoded by the ABCC8 gene. 
Namely, the KCNJ11 gene encodes Kir6.2 subunit 

(inward-rectifier potassium channel subunit) which 
participate in the formation of KATP pores, while the 
ABCC8 gene encodes the SUR1 (receptor sulpho-
nylurea) regulatory subunits (44, 45).  

KATP channels are transmembrane channels 
that are most commonly found in the plasma mem-
brane of the β-cells of the Langer-Hans pancreatic 
islet. In addition to these cells, KATP channels can 
also be found on muscle and nerve cells. They open 
or close depending on the amount of blood glucose. 

Increasing intracellular metabolic activity leads to a 
change in the relationship between ATP and ADP in 
the cell and conditions the closure of the KATP 
channel. By closing these channels, depolarization of 
the pancreatic β-cells occurs, which is also a trigger 
for the secretion of insulin (44, 46). 

Mutations of KCNJ11 and ABCC8 genes are 

present in about 50% of patients with DMT1. These 
mutations prevent the closure of the KATP channel 
and hence the insulin secretion in response to 
hyperglycemia. Also, in children with this disorder, 
neurological disorders are observed as well. One of 
the most serious disorders that can occur is DEND 
syndrome, which is characterized by neonatal dia-

betes, a developmental disorder, epilepsy and later 
onset of speech. To date, several polymorphisms of 
the KCNJ11 genes which are associated with the 
occurrence of DMT1 are found. The most prevalent 
in the population are E23K, A190A, L267L, L270V, 
I337V, K381K and S385C (45, 47).  

 
Platelet and T cell activation antigen 1 

(CD226) 
 
CD226 or DNAM-1 (DNAX auxiliary molecule-

1) is an immunoglobulin-like transmembrane glyco-
protein found on plasma membranes of monocytes, 

macrophages, megakaryocytes, thrombocytes, NK 
and T-lymphocytes, as well as in some subpopu-
lations of B-lymphocytes. This receptor participates 

in numerous immunological functions, such as cell 

signaling and adhesion, cytokine secretion, differen-

tiation of naive T-cells, as well as proliferation and 
activation of cytotoxic T-lymphocytes, then migra-
tion of leukocytes to the site of infection, mastocyte 
degranulation, and thrombocyte aggregation. Li-
gands for the CD226 receptor are CD112 and CD155 

(poliovirus receptor). Their binding to the receptor 
leads to cytotoxicity reaction (NK and T-lympho-
cytes) and cytokine secretion (48, 49).  

In recent years, the CD226 gene polymor-
phism found at 18q22.3 is increasingly associated 
with the development of multiple autoimmune di-
seases including DMT1, rheumatoid arthritis, syste-

mic lupus erythematosus, Grave's disease, and pso-
riasis. The polymorphism of this gene, with DMT1, 
occurs in exon 7 when cysteine is replaced by thy-

mine (rs763361 C>T), which leads to the replace-
ment of a glycine with serine at the site 307 
(Gly307Ser). Lazano et al. (2013) have shown that 
by activating the CD226 receptor on T-lymphocytes, 

the balance between Th1, Th2 and Th17 immune 
responses changes. Activation of this receptor 
affects the increased production of proinflammatory 
cytokine and T-cell proliferation leading to a pro-
inflammatory response, while its blockage affects 
the reduction of IL-17 secretion, indicating the po-

tential for the use of a CD226 receptor blocker for 
the treatment of Th1 and Th17 autoimmune di-
seases (50, 51).    

 
Conclusion 
 

Although DMT1 is a disease known for more 

than a century, scientists still intensively research 
determination of its more precise etiology and 
genetic basis of the disease. For this purpose, the 
monitoring of the polymorphisms of genes for which 
there are already evidence of their association to 
DMT1, as well as the initiation of more research for 
testing of the new polymorphisms of the genes 

would provide a great contribution. Such discoveries 
which we could name “preventive genetics” would 
greatly contribute to the early detection of patients 
and the individualization of the therapy, which can 
also encourage the development of vaccine usage in 
patients with DMT1. 
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Jedan od najčešćih endokrinih poremećaja kod dece i adolescenata, Diabetes mellitus 

(DM), predstavlja hroničnu, poligensku i kompleksnu bolest. Na osnovu etiologije, DM se 
može podeliti na dve osnovne grupe: Diabetes mellitus tip 1 (DMT1) i Diabetes mellitus tip 2 
(DMT2). DMT1 predstavlja oboljenje posredovano imunološkim mehanizmima, u čijoj osnovi 
je autoimunska destrukcija insulocita od strane imunoreaktivnih T-ćelija i antitela, što dovodi 
do insulinske rezistencije i sindroma hiperglikemije.  

Nekoliko različitih molekularnih mehanizama doprinose uništavaju β-ćelija Langerha-
nsovih ostrvaca, kao što su: produkcija autoantitela usmerenih protiv antigena na insulo-
citima, liza Langerhansovih ostrvaca posredovana citotoksičnim CD8+ T limfocotitima, lokalna 
produkcija citokina (TNF i IL-1) od strane makrofaga, koji oštećuju insulocite, i reakcije kasne 
preosetljivosti posredovane CD4+ Th1 limfocitima.  

Najvažniji geni, koji pokazuju visok stepen povezanosti sa DMT1 nalaze se u regionu 

koji kodira MHC (major histocompatibility complex) molekule I i II klase. Međutim, postoje 
veoma čvrsti dokazi o povezanosti i drugih gena (van MHC genskog područja) sa ispo-
ljavanjem DMT1. To su: gen za insulin (INS), gen za protein 4 vezan na citotoksični T limfocit 

(CTLA4), gen za protein tirozin fosfatazu — 22 (PTPN22), gen za protein tirozin fosfatazu — 2 

(PTPN2), gen za protein lecitin tipa C (CLEC16A, KIAA0350), gen za receptor α interleukina 2 
(IL2RA/CD25), genska regija za interferon indukovanu helikazu (IFIH1), KCNJ11, CD226, gen 
za receptor vitamina D (VDR), geni za faktor tumorske nekroze (TNF) i limfotoksin-α (LTA). 
Pored ovih gena, istraživači i dalje tragaju za drugim genima koji su povezani sa pojavom i 
ekspresijom DMT1. 
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