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Abstract
Introduction: It is known that impaired activation of Fas-mediated apoptosis in certain subpopulations of T cells plays an important

role in the pathogenesis of type 1 diabetes mellitus (T1DM). The key point in the initiation of CD-1 is the resistance to apoptosis of activated autoreactive T-lymphocytes, which migrate from the bloodstream to the pancreas and are actively involved in the destruction

of b-cells. It has been established that the Fas/FasL system plays a central role in maintaining peripheral autotolerance and tissue ho-

meostasis of the body. Fas-mediated apoptosis is induced by binding of the Fas (CD95/APO-l/TNFRSF6)-receptor to the Fas(CD95L/
CD178/TNFSF6)-ligand on the respective cells. Triggering the expression of cell surface Fas receptors (Fas) regulates the elimination
of autoreactive T and B lymphocytes by apoptosis. To date, most of the results on the study of Fas-mediated apoptosis in T1DM have

been obtained in experiments in vitro. There is no doubt that autoimmune changes in vivo are more profound, and the extrapolation
of effects detected in the in vitro system to the body is not always valid.

The Aim: of the study was to evaluate the effectiveness of Fas-mediated apoptosis of T-lymphocytes in the blood of patients with
T1DM depending on the phase of compensation and the duration of the course of the disease, as well as in individuals with a high
risk of developing T1DM.

Material and Methods: We examined 63 patients with a reliably established diagnosis of T1DM and 15 people with a high risk of de-

veloping T1DM. The control group consisted of 30 healthy individuals, comparable in sex and age to patients with T1DM. Biomarkers
of Fas-mediated apoptosis of peripheral blood lymphocytes in patients with T1DM and those at high risk of developing T1DM were
studied. The surface expression of the Fas receptor in individual subpopulations of T-lymphocytes was assessed by flow cytometry.
The concentration of soluble forms of the Fas receptor (sFas) and Fas ligand (sFasL) in the blood serum of the examined patients was
studied by indirect enzyme-linked immunosorbent assay (ELISA).

Results: It has been established that in patients in the decompensation phase of T1DM, inhibition of Fas-mediated apoptosis of autoreactive CD95+ cells occurs with the participation of the soluble form of the Fas receptor (sFas-soluble Fas). When carbohydrate

metabolism is compensated, apoptosis of lymphocytes is observed along the Fas pathway with the help of a soluble form of the Fas
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ligand (sFasL-soluble FasL). In the compensation phase of T1DM and in individuals at risk, an increase in the content of sFasL was re-

vealed. This probably has a protective value, since, according to the literature, sFasL is involved in the removal of autoreactive CD95+
cells in the peripheral blood.

Conclusions: The results obtained indicate a pronounced dysregulation in the Fas/FasL system, which is observed at all stages of

the development of T1DM. The study found that the regulation of the FasL/Fas system affects the tropism of autoreactive T cells to
islet antigens in patients with T1DM, and that Fas-induced death of β-cells mediated by T lymphocytes plays a significant role in the
development and progression of T1DM, both in the latent stage and at the stage of advanced clinical manifestations of the disease.

Key words: Apoptosis; Type 1 Diabetes Mellitus; Death Receptors; Fas-Mediated Apoptosis; Fas Receptor; Fas Ligand; T Lymphocytes; Β -Cells of the Pancreas.

Introduction
Type 1 diabetes mellitus (T1DM) is an organ-specific autoim-

mune disease that develops as a result of selective destruction of
β-cells of the pancreatic islet apparatus by cytotoxic T lymphocytes

(CTLs), type 1 T-helpers (Th1), and autoantibodies [1]. The onset
of the disease is preceded by a long asymptomatic period - the pre-

diabetic stage, characterized by the production of autoantibodies

specific to islet autoantigens, including insulin. The inflammatory
reaction in the islet microenvironment contributes to the induction

and enhancement of the immune attack against pancreatic β-cells,

and, at later stages, to the stabilization and maintenance of inflam-

matory infiltrates - insulitis [1,2]. During the pre-diabetic stage,
autoreactive T cells begin to destroy β-cells, leading to a progressive loss of their secretory function. Clinical manifestation of T1DM
occurs when 80-90% of β-cells are destroyed [2].

Despite the active study of the immunopathogenesis of T1DM,

many key points in the development and progression of this disease remain unclear. The problems of early diagnosis of T1DM, en-

suring a stable course of the disease and combating its secondary
complications are still relevant [3,4]. In connection with the trend
towards "rejuvenation" of the age of patients with T1DM, leading

to early disability, an increase in the incidence rate, clarification of
the mechanisms of immunopathogenesis and the development of
new methods for the timely diagnosis of T1DM are of particular
relevance [4,5].

In the immune system, Fas receptor (Fas) and Fas ligand (FasL)

are involved in the regulation of immune responses and in T lym-

phocyte-mediated cytotoxicity. Fas-mediated apoptosis is the initiating phase of apoptotic signal transduction and refers to an external (receptor) pathway for triggering cell death [6].

Depending on the triggering mechanism of the apoptotic cas-

cade, there are two main signaling pathways leading to the induc-

tion of apoptosis in mammalian cells: extrinsic (receptor) and
intrinsic (mitochondrial or Bcl-2-regulated) [7,8]. The extrinsic

pathway is mediated by DR (Death Receptor) cell receptors, which
include the Fas receptor (Fas). Fas contains the domain DD (Death

Domain), the central physiological regulator of apoptosis, in its cytoplasmic part [4,9]. Binding of Fas to the Fas ligand (FasL) acti-

vates the Fas-associated death domain adapter protein FADD (Fas-

Associated Death Domain protein), which leads to the formation of
the DISC (Death Initiating Signaling Complex) effector complex, a
death initiating signaling complex [7,8,10]. DISC activates procaspase-8, which undergoes autocatalytic cleavage and becomes active. Thus, the interaction of Fas with FasL leads to the formation of

active caspase-8, which belongs to the group of initiating caspases
[4,11].

The Fas (CD95/APO-1/TNFRSF6) antigen is a membrane pro-

tein that is a member of the tumor necrosis factor receptor super-

family (TNFRSF-Tumor Necrosis Factor Receptor Super Family)

and belongs to the DR (Death Receptor) group of cell receptors
[12]. The latest literature reports that Fas is normally ubiquitously
expressed in human tissues at the basal level, and its activation

threshold must be strictly regulated to avoid excessive cell death

[12,13]. Recently, negative regulators of FasR have been identified,
the main of which is the FLIP (Flice-like inhibitory protein), which
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is an inhibitor of caspase-8. A change in the cell balance between
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An increase in the expression of the Fas receptor in certain

caspase-8 and its regulator FLIP can switch Fas-mediated signal-

subpopulations of T lymphocytes in the peripheral blood of T1DM

proteolytic cleavage of membrane-bound receptors or is formed

Fas-mediated apoptosis of these cells, since the soluble form of the

ing from apoptosis to proliferation and vice versa [4,11,12]. There

is a functionally active soluble form of Fas, which is the result of
during alternative splicing [14].

Fas/APO-l-ligand (FasL/CD178/TNFSF6) is a membrane pro-

tein and is a member of the tumor necrosis factor (TNF) superfam-

ily of ligands, which belong to cytokines [6,24]. Like the TNF ligand,
FasL can be released from the cell surface and be physiologically
active in a soluble form [14-16].

Fas-mediated apoptosis ensures the elimination of cells of the

immune system that are undesirable for the body, and is also in-

volved in the regulatory suppression of immune responses and
cytotoxicity of T-lymphocytes [9]. If there is a defect in the Fas/

FasL system, activated lymphocytes can accumulate, which leads
to the development of autoimmune lymphoproliferative syndrome

(ALPS), a group of genetic diseases characterized by mutations in
the Fas and FasL genes, autoimmune disorders, and an increased

tendency to develop malignant lymphoid formations [17]. The
pathogenesis of ALPS is based on a genetically determined impair-

ment of Fas-mediated apoptosis of activated T cells, leading to the
appearance of double negative T lymphocytes (CD3+ CD4-CD8-) in
the peripheral blood [6].

In modern literature, the role of death receptors in the de-

struction of β-cells in type 1 diabetes mellitus (T1DM) is widely

discussed [2,4,9]. Studies using isolated human pancreatic islets

have shown that exposure to stress factors (hyperglycemia, excess
free radicals, reactive oxygen species, production of IL-1β by mi-

croenvironment cells) enhances Fas expression on b-cells, which
leads to their death by mechanism of the Fas-mediated apoptosis

[9]. Immunocompetent cells infiltrating pancreatic islet tissue pro-

duce pro-inflammatory cytokines: IL-1 β, TNF-a, and IFN-ℽ, which
are known for their pro-apoptogenic properties [18,19,20]. IL-1β

induces an increase in Fas expression on b-cells, which increases

their readiness for Fas-mediated apoptosis, which is realized by
autoreactive T cells expressing FasL. Activated cytotoxic T lympho-

cytes (CD8+CTL), which are part of the inflammatory infiltrates of

the pancreas (insulitis), can also destroy β -cells in a Fas-dependent
receptor way [2,9,21].

patients indicates their increased readiness for apoptosis. At the

same time, this cannot guarantee the successful implementation of
Fas receptor competes with the membrane Fas receptor for bind-

ing of the Fas ligand and can block apoptosis of Fas-«positive» T

cells [14]. It is necessary to consider the pathogenetic significance
of soluble forms of Fas and FasL in the development of autoimmu-

nity in T1DM, since the diagnostic and prognostic significance of
these indicators of Fas-mediated apoptosis is actively studied in
systemic and organ-specific autoimmune diseases, in sepsis, acute
renal failure, and oncological diseases [15,16,22]. A comprehensive

assessment of the effectiveness of Fas-mediated apoptosis with the

determination of all markers involved in this variant of the recep-

tor pathway for triggering the apoptotic program can provide a
more accurate understanding of the mechanisms and significance
of Fas/FasL system dysregulation in the pathogenesis of T1DM.

According to experts of the World Health Organization, T1DM

will reach pandemic proportions over the next few decades [23].
Therefore, early diagnosis and prevention of the disease in people

with a high risk of developing T1DM is of particular importance. In

this regard, it seems relevant to assess the markers of Fas-mediated
apoptosis of lymphocytes not only in patients with T1DM, but also

in individuals with a high risk of developing autoimmune diabetes.

The Aim

To study the features of Fas-mediated apoptosis of peripheral

blood lymphocytes in patients with DM-1 depending on the phase
of compensation and the duration of the course of the disease, as
well as in individuals with a high risk of developing T1DM.

Materials and Methods

Characteristics of the examined groups of patients. We exam-

ined 63 patients with a reliably established diagnosis of T1DM and
15 individuals with a high risk of developing T1DM. The control

group (Group I) consisted of 30 healthy individuals, comparable in

sex and age to patients with T1DM. The distribution of patients into
groups was carried out depending on the phase of compensation

and the duration of the course of the disease. Group II (decompen-

sated T1DM) consisted of 17 patients with newly diagnosed T1DM
(group IIa) and 19 patients with an average duration of T1DM of
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15.3±5.1 years (group IIb). Group III (the state of compensation for

for the risk group were an increased titer (> 1/20) of autoantibod-

15.1±5.4 years (group IIIb). Group IV consisted of 15 persons with a

tor of the disease in relatives of patients with type 1 diabetes, since

T1DM) included 13 patients with a disease duration of up to 1 year

ies to cytoplasmic antigens of islet cells (Islet Cell Autoantibodies)

(group IIIa) and 14 patients with an average duration of T1DM of

in serum and impaired glucose tolerance. ICA can serve as a predic-

high risk of developing T1DM, who are immediate family members

they appear in the blood 1-8 years before the clinical manifestation

of the examined patients with T1DM. Additional selection criteria
The state of
Main characteristics of
the patient’s groups

decompensation,
newly diagnosed T1DM
decompensation
(IIа group)

Number of patients in
the group (n)
Age (years)
Sex

Men

Females

of diabetes mellitus [2,24]. The characteristics of the groups of examined patients with T1DM are presented in table 1.

The state of

The state of

decompensation, the

compensation, the

average duration of

average duration

the T1DM is

of the T1DM is 0,6

15.3 ± 5.1 years (IIb

± 0,2 years (IIIа

группа)

группа)

19

13

17

22,8 ± 3,9
10
7

44,6 ± 5,4
11
8

The state of
compensation, the
average duration of the
T1DM is 15,1 ± 5,4 years

24,1 ± 4,2
5
8

Table 1: Characteristics of the examined groups of patients with T1DM.

Immunophenotyping of peripheral blood mononuclear cells

was performed by flow cytometry using the following monoclo-

nal antibodies manufactured by «Immunotech» (Beckman Coulter

Corporation, USA): anti-CD3 conjugated with FITC (Fluorescein

Isothiocyanate), anti-CD4-FITC, anti-CD8-FITC, anti- CD16-FITC,
anti-CD20-FITC, anti-CD25-FITC, anti-HLA-DR-FITC, anti-CD95FITC and their isotype controls.

To assess apoptotic processes in individual subpopulations of T

lymphocytes, the level of surface expression of the Fas receptor was

determined using a double fluorescent label - FITC (Fluorescein

Isothiocyanate) and PE (Phycoerythrin). The study was performed

(IIIb группа)
14

42,9 ± 4,5
6
8

Ligand ELISA» test systems (Bender MedSystems, Austria) and
«Human Fas ELISA» test systems (BD Biosciences, USA).

For statistical processing of the obtained data, the nonparamet-

ric Wilcoxon-Mann-Whitney test was used to compare the means.

The material was processed using the Statistica 10.0 software
package (StatSoft, USA, Windows 10). The critical confidence level

of the null hypothesis (the absence of significant differences) was
taken equal to 0.05.

Research Results
Immunophenotyping of peripheral blood lymphocytes showed

using the following combinations of antibodies: anti-CD3-FITC/an-

a statistically significant increase in the relative and absolute

EPICS XL flow cytometer (Beckman Coulter Corporation, USA).

dicate an increased activation and readiness of immunocompetent

ti-CD95-PE, anti-CD4-FITC/anti-CD95-PE and anti-CD8-FITC/anti-

CD95-PE. Cytometric analysis of lymphocytes was performed on an
Determination of soluble forms of the Fas receptor (sFas) and

Fas ligand (sFasL) in blood serum was carried out by indirect en-

zyme-linked immunosorbent assay (ELISA) using the «Human sFas

amount of CD95+ - lymphocytes in all groups of T1DM patients
compared with the control group (group I). The data obtained incells for apoptosis in T1DM (Table 2).

The maximum increase in the relative and absolute amount of

CD95+ cells and the number of T-lymphocytes expressing the Fas
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Groups

I

CD95+ - CELLS

The relative

The absolute

amount, %

amount, mm3

4,2

80

CD3+CD95+

CD4+CD95+

CD8+CD95+

- lymphocytes

- lymphocytes

- lymphocytes

The relative amount, %
3,0

2,3

0,9

IIа

12,4**

260**

10,8**

7,3**

6,0***

IIIb

8,2*

152*

6,9*

4,8*

3,7**

IIb

IIIа
IV

13,2**
8,6*
4,9

222**
212*
90

84

11,1**
7,3*
3,5

8,1**
5,1*
3,0

6,7***
3,9**
2,1*

Table 2: The relative and absolute amount of CD95+ - cells and T-lymphocytes expressing the Fas receptor in the peripheral blood of
patients with DM-1 and persons at risk.
Notes: 1) *Differences in the studied indicator with the control group (I) are statistically significant (p < 0,05); 2) **differences in the
studied indicator with the control group (I) are statistically significant (p < 0,01); 3) *** differences in the studied indicator with the
control group (I) are statistically significant (p < 0,001).

receptor (Fas) was found in T1DM decompensation, regardless of

the duration of the disease (groups IIa and IIb). These data indicate
that in T1DM, an increase in the readiness of immunocompetent

cells for apoptosis does not depend on the duration of the disease
but is clearly associated with the decompensation of carbohydrate
metabolism and the level of glycemia.

Among the subpopulations of T-lymphocytes, a significant in-

crease in the percentage of CD8+CD95+-cells from the total amount

of cytotoxic T-lymphocytes (CD8+CTLs) in all groups of examined
patients should be noted compared to the control group (Figure

1). The increase in the relative amount of Fas-expressing CD8+CTLs
is most pronounced with disease decompensation (groups IIa and

IIb). An increase in the number of cells with the CD8+CD95+ phenotype in T1DM is probably a compensatory mechanism aimed at the

elimination of autoreactive cytotoxic T-lymphocytes by apoptosis.
According to the literature, it is the effector CD8+CTLs that play the
dominant role in the destruction of pancreatic β-cells [2,9].

At the same time, a significant increase in the number of cells

Figure 1: Percentage of CD8+CD95+ cells from the total
number of cytotoxic T-lymphocytes.

Notes: 1) *Differences in the studied indicator with the control

with the CD8+CD95+ phenotype in the blood of individuals with a

group (I) are statistically significant (p < 0,05); 2) **differences

indicate that already in the latent stage of T1DM there is an expan-

studied indicator with the control group (I) are statistically

high risk of developing T1DM (group IV) compared with the control group (group I) is an unfavorable prognostic factor. These data

sion of autoreactive clones of cytotoxic T-lymphocytes in peripher-

in the studied indicator with the control group (I) are

statistically significant (p < 0,01); 3) *** differences in the
significant (p < 0,001).
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al blood, followed by their migration to the target organ (pancreas),

tion of sFas in the serum of patients and worsening of the course

The study found that the concentration of soluble forms of

[14-16]. It has been established that a high level of serum sFas

which leads to the progression of the autoimmune process [1,2,22].

of the disease.

the Fas receptor (sFas-soluble Fas) and Fas-ligand (sFasL-soluble

correlates with the severity of the septic process [14]. It has been

bohydrate metabolism compensation (table 3). In patients with

[15,16]. According to the literature, the soluble form of Fas com-

FasL) in the blood serum of T1DM patients did not depend on the
duration of the disease but changed depending on the state of car-

T1DM in the phase of decompensation of the disease (group II),
a significant increase in the concentration of sFas was observed in

comparison with the control group (group I) and other examined
groups of patients. The results obtained are consistent with literature data on the relationship between an increase in the concentra-

shown that the content of sFas in the blood increased with the pro-

gression of renal dysfunction in patients with acute kidney injury
petes with the membrane Fas receptor for ligand binding, which

prevents the "physiological" apoptosis of cells to be eliminated.
With an increase in the concentration of sFas in circulation, not
all “defective” cells can implement their apoptotic program. As a

result, they accumulate in the peripheral blood, which leads to an
aggravation of the pathological process.

Рatients with T1DM
Control group
Indicator

sFas (pg/ml)

sFasL (ng/ml)

(n = 8)

The state of
decompensation (n = 26)

The state of
compensation

Individuals with a high risk of
developing T1DM

(n = 24)

(n = 15)

I

II

III

IV

778

1501*

789

864

0,102

0,118

0,243*

Table 3: The concentration of the soluble form of the Fas receptor and Fas ligand.

0,403**

in the blood serum of patients with T1DM and in individuals with a high risk of developing T1DM

Notes: 1) *differences in the studied indicator with the control group (I) are statistically significant (p < 0,05); 2) **differences in the
studied indicator with the control group (I) are statistically significant (p < 0,01).
The concentration of sFasL in the T1DM compensation group

was significantly higher than in the decompensation group and sig-

nificantly lower than in the risk group (Table 3). It should be noted

a significant increase in the level of sFasL in the risk group, which
is consistent with the literature data [22]. According to the authors,
an increase in the level of sFasL in the latent stage of T1DM has a

protective value and is aimed at eliminating autoaggressive lymphocyte clones by Fas-mediated apoptosis.

Thus, the results obtained indicate a pronounced dysregulation

in the Fas/FasL system, which is observed at all stages of the development of T1DM.

Discussion
Dysfunction of the Fas receptor (Fas) and Fas ligand (FasL), as

key inducers of receptor-dependent apoptosis, are actively stud-

ied in the pathogenesis of diseases associated with both inhibition
and enhancement of apoptosis in cells of shock organs [6,25]. It has

recently been established that Fas-mediated caspase-8 activation
plays an important role in the regulation of pathogenetic mecha-

nisms in bacterial infections [11]. A pronounced increase in the
expression of Fas and FasL membrane forms on peripheral blood

lymphocytes was found in patients with coronary heart disease,
with acute cerebrovascular accident, in patients with viral and bac-

terial infections, with sepsis, with human immunodeficiency virus
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[4,11,14,26]. It has been shown that an increase in the soluble form
of FasL in the blood is one of the early markers of heart failure progression [26]. In our previous studies, we showed a significant in-

crease in the content of CD95+-mononuclear cells in the blood of
patients with acute coronary syndrome (ACS) [27]. We found that

oxidized low-density lipoproteins induce Fas-mediated apoptosis
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Figure 2 shows a comparative assessment of the level of surface

expression of the Fas receptor (CD95+) in individual subpopula-

tions of T-lymphocytes in DM-1 patients in a state of carbohydrate
metabolism decompensation and in the control group.

of both peripheral blood mononuclear cells and coronary endotheliocytes, which indicates the systemic nature of apoptosis in ACS
[27,28].

In the pathogenesis of type 1 diabetes mellitus (T1DM), dis-

turbances in Fas-mediated apoptosis are of a bivalent nature. So,

if in relation to β-cells the development of apoptosis is associated
with the progression of the disease, then from the point of view of

the elimination of activated autoreactive lymphocytes, apoptosis is
desirable and can slow down the destruction of pancreatic b-cells.

The dual role of the receptor (external) pathway for triggering
apoptosis in the pathogenesis of T1DM is due to the expression of

its mediating molecules (Fas and FasL) both by effector cells (autoreactive T cells) and target cells (pancreatic β-cells) [9]. Identi-

fication of the relationship between the features of Fas-mediated
apoptosis of peripheral blood lymphocytes and the state of carbo-

hydrate metabolism compensation, the duration of autoimmune
destruction of the pancreatic insular apparatus in patients with
type 1 diabetes can contribute to a deeper understanding of the

Figure 2: The histogram shows the number of CD3+CD95+-,

CD4+CD95+- and CD8+CD95+-lymphocytes in the control group
(A, B, C) and in the group of T1DM patients in the state of
carbohydrate metabolism decompensation (D, E, F).

In all groups of examined patients, an increase in the percentage

pathogenesis of the disease, which determined the purpose of this

of CD8+CD95+-cells from the total number of cytotoxic T lympho-

the preclinical stage of diabetes, a group of individuals with a high

desire of the immune system to limit the activity of autoreactive cy-

study. To assess the role of impaired apoptosis of peripheral blood
mononuclear cells in the progression of the autoimmune process at
risk of developing T1DM was examined.

The study found that in T1DM there is an increased readiness

of immunocompetent cells for apoptosis, as evidenced by a significant increase in the number of CD95+-cells in all examined groups

of T1DM patients compared with the control group. The maximum
increase in the relative and absolute content of CD95+-cells and

T-lymphocytes expressing the Fas receptor was found in T1DM

cytes was observed compared with the control group, more pro-

nounced with decompensation of the disease. This indicates the
totoxic T lymphocytes, which play a leading role in the destruction
of the insular apparatus of the pancreas. For effective elimination
of CD95+-cells in the peripheral blood, it is necessary to maintain

a balance between cells expressing Fas and FasL. It is important to
consider the possible role of the soluble Fas receptor (sFas) in the
inhibition of apoptosis via the Fas pathway [14,32].

Our results on an increase in the concentration of sFas during

decompensation, regardless of the duration of the disease. This is

decompensation of T1DM are in accordance with the literature

tosis due to increased expression of the Fas receptor on their sur-

[14-16]. The pronounced increase in the sFas level observed in our

explained by the influence of hyperglycemia, which increases the
sensitivity of peripheral blood lymphocytes to Fas-mediated apopface, and also induces p53-mediated apoptosis of target cells with
the participation of effector caspase-3 [3,29-31].

data reporting an increase in the concentration of the soluble form

of Fas in some systemic and organ-specific autoimmune diseases
study against the background of a sharp increase in the number

of CD95+-cells in the blood of T1DM patients in a state of carbo-
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Conclusion

These results suggest that the regulation of the FasL/Fas system
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targets.
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