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pB-cell self-destruction and extremely complicated and still unknown
etiopathogenesis of type 1 diabetes

Proces autodestrukcji komoérek B trzustki oraz niezwykle skomplikowana i wciaz nieznana
etiopatogeneza cukrzycy typu 1
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Abstract

Type 1 diabetes is based on apoptosis, which leads to B-cell death. Factors triggering apoptosis processes are very diverse and current-
ly not fully explained. The main role is attributed to genetic and environmental factors. Genetic studies have shown that the inherited
propensity for type 1 diabetes is multi-genetic. Environmental factors modify the response to their own antigens, but are probably not
necessary to start the autoaggression process. The effect of B-cell destruction is confirmed by the appearance of autoantibodies in
the blood. The paper presents a review of the available literature regarding the self-destruction of pancreatic B-cells. The aim of the
study was to draw attention to the extremely complicated and still unknown etiopathogenesis of type 1 diabetes by reviewing current
literature related to the above topic. The goal is to acquire the knowledge necessary to develop and implement causal treatment for
diabetes. At the moment, unfortunately, we do not have safe, innovative therapy methods in the field of diabetes prevention. Inten-
sive research on the etiopathogenesis of type 1 diabetes is an extremely important field of medical research.
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Streszczenie

Etiopatogeneza cukrzycy typu 1 opiera si¢ na apoptozie, ktéra prowadzi do $mierci komoérek B trzustki. Czynniki uruchamiajace
procesy apoptozy sa bardzo zr6znicowane i do tej pory nie zostaly w petni wyjasnione. Gtéwna role przypisuje sie czynnikom gene-
tycznym oraz srodowiskowym. Badania genetyczne wykazaty, ze dziedziczna skfonnos¢ do cukrzycy typu 1 jest poligenowa. Czynniki
srodowiskowe modyfikuja odpowiedz na wiasne antygeny, ale prawdopodobnie nie sa konieczne do rozpoczecia procesu autoagres;ji.
Efekt niszczenia komérek B potwierdza pojawienie sie autoprzeciwciat we krwi.

W pracy przedstawiono przeglad dostepnej literatury dotyczacej autodestrukcji komérek B trzustki.

Celem pracy byto zwrécenie uwagi na niezwykle skomplikowana i nadal niepoznana etiopatogeneze cukrzycy typu 1 poprzez prze-
glad aktualnej literatury zwiazanej z tym tematem.

Bardzo wazne jest zdobycie wiedzy niezbednej do opracowania i wdrozenia leczenia przyczynowego cukrzycy. Obecnie, niestety,
nie ma bezpiecznych, innowacyjnych metod terapii w zakresie profilaktyki cukrzycy. Zatem intensywne badania nad etiopatogeneza
cukrzycy typu 1 sa niezwykle wazna dziedzing badarn medycznych.

Stowa kluczowe:

apoptoza, autoprzeciwciafa, cukrzyca typu 1, zniszczenie komérek B, markery immunologiczne.
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Introduction

Type 1 diabetes afflicting millions of people worldwide is
based on apoptosis, which leads to B-cell death [1-4]. The de-
struction of these cells in people with risk factors usually begins
earlier, and is often ahead of the clinical manifestation of diabe-
tes. Factors triggering apoptosis processes are very diverse and
currently not fully explained [1-4]. The main role is attributed to
genetic and environmental factors. At the same time, their role
in the process of starting apoptosis is assessed differently by
various authors. Based on a review of the current literature on
the self-destruction of pancreatic B cells, we would like to em-
phasize the extremely complicated and still unknown etiopatho-
genesis of type 1 diabetes [5, 6].

Genetic factors

Genetic studies have shown that the inherited predisposition
for type 1 diabetes is multi-genetic [6-9]. The human leukocyte
antigen (HLA) class Il genes play the most important role in this
process. Their main role is to present foreign antigens with their
own T lymphocytes and regulate the proper course of the im-
mune response. HLA alleles are probably responsible for about
40-50% of genetic risk. Significant differences have been found in
the distribution of prodiabetogenic, neutral, and protective allele
subtypes in different populations, which may be the reason for the
wide variation in diabetes occurring in different parts of the world.
Type 1 diabetes develops in people who are genetically predis-
posed for it, after specific autoimmune destruction of pancreatic
B cells is induced by environmental factors. Multi-gen inheri-
tance of susceptibility includes genes responsible for the proper
functioning of the immune system. Multi-center studies have
shown that genetic risk score (GRS) is useful in predicting the
progression of islet autoimmunity and type 1 diabetes in at-risk
individuals [10]. Recently, an extensive analysis of the gene base
that may be involved in the pathogenesis of type 1 diabetes has
been presented by Chinese authors [11]. Triolo et al. showed
in their study that monozygotic twins were more likely to have
at least one positive autoantibody and were positive for GADA,
IA-2A and IAA than non-identical twins or full siblings [12]. Previ-
ous studies of twins have shown that identical twins of siblings of
patients with type 1 diabetes have a higher compliance rate for
the development of type 1 diabetes compared with non-identical
twins [13].

Environmental factors

Environmental factors, in turn, modify the response to their
own antigens, but are probably not necessary to start the au-
toaggression process [14]. It is thought that various factors,
acting through different mechanisms, can cause B-cell sus-
ceptibility to apoptosis and necrosis. It has been argued that
abnormalities in the functioning of the intestinal mucosa, in the
form of clinically silent enteropathy, occur even several years be-
fore the disease is revealed and may have a significant impact
on the pathogenesis of type 1 diabetes. The effect of intestinal
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microflora, energy metabolism, inflammation, immune system,
intestinal permeability, and insulin resistance on diabetes was
also accepted [15-20].

Mechanisms of pB-cell destruction
and immunological markers

The effect of B-cell destruction is confirmed by the appear-
ance of autoantibodies in the blood. They are the evidence for
the autoimmune basis of diabetes. Islet cells antibodies (ICA),
anti-insulin antibodies (IAA), anti-glutamic acid decarboxylase
antibodies (GADA), anti-tyrosine phosphatase antibodies (1A2A)
and anti-zinc transporter protein 8 autoantibodies (ZnT8A) have
clinical significance [21-23]. According to the literature, the
presence of multiple autoantibodies (> or = 3) is associated
with a high risk of developing diabetes, while the presence of
a single antibody associated with pancreatic islet cells usually
has a low predictive value [24]. Islet cell antibodies (ICA) are de-
tected in patients diagnosed with type 1 diabetes, moreover in
first-degree relatives of diabetic patients, months or years before
the onset of clinical symptoms [25]. Recently, Bhatty et al. pre-
sented the results of studies on the titre of ZnT8A autoantibodies
in adolescents with Type 1 diabetes and their first degree rela-
tives [26]. They found a significant association of ZnT8A titer with
the development of type 1 diabetes. According to the authors,
patients with ZnT8A values > 9 ng/ml are 10 times more likely to
develop type 1 diabetes [26]. Similar observations on the role of
the ZnT8A autoantibody were recently presented by Kawasaki
etal. [27]. Autoantibodies appear before the clinical appearance
of diabetes. The presence of anti-GAD antibodies in high titer cor-
relates with a high risk of developing insulin dependence and the
occurrence of type 1 diabetes. It has been shown that the pres-
ence of anti-GAD antibodies can persist in high titers for many
years after the diagnosis of diabetes, as opposed to anti-islet
and anti-insulin antibodies, whose titers decrease quite rapidly
as the disease progresses. However, circulating antibodies in
the body of the patient are not the “culprits” for the destruction of
insulin-producing cells. The destruction of  cells mainly involves
elements of cellular immunity, i.e. macrophages, various T lym-
phocyte subpopulations, and mediators of the inflammatory re-
sponse (cytokines, free radicals) [28-30]. Th1 lymphocytes have
been shown to have the properties that accelerate autoimmune
diseases, including type 1 diabetes. In turn, Th2 lymphocytes
inhibit these processes, thus fulfilling a protective role. Manner-
ing et al. also point out the role of T cells in the pathogenesis
of B-cell destruction [31]. Recently, Purcell et al. gave a com-
prehensive discussion of current research into the mechanisms
of self-destruction of B cells and the possibilities of monitoring
these processes, which can be important in the prevention and
treatment of type 1 diabetes [32]. Nakayasu et al. pointed out the
need to use modern techniques to identify new biomarkers that
would allow tracking various stages of the disease process [33].
Herold et al. conducted a randomized, placebo-controlled, dou-
ble-blind study of teplizumab which showed that a humanized
anti-CD3 monoclonal antibody delayed the progression to clini-
cal type 1 diabetes in high-risk subjects [34].
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Conclusions

Intensive research on the etiopathogenesis of type 1 dia-

betes is an extremely important field of medical research. The
goal is to acquire the knowledge necessary to develop and
implement causal treatment for diabetes. Effective prevention
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