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Apoptosis is a natural physiological process involving programmed cell death. Thanks to this process, it is pos-
sible to maintain the homeostasis of the body and the immune system. Dysfunctions of this mechanism lead
to development of autoimmune diseases such as psoriasis; these diseases are chronic and treatment is ex-
tremely difficult. In psoriasis (a skin disease), apoptosis disorders are manifested by keratinocyte proliferation
dysfunction.

Autoimmune diseases coexisting with psoriasis include multiple sclerosis, autoimmune thyroid disease, and
diabetes, but the common pathogenesis of these diseases is not fully understood. Given the heterogenous
nature and chronic and recurrent course of psoriasis, the selection of an effective therapeutic strategy is still
a problem. This literature review was focused on the process of apoptosis as a factor in the development of
autoimmune diseases, with particular emphasis on psoriasis. The work also includes a review of therapeutic
methods of psoriasis based on the latest literature.
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Apoptosis

The process of apoptosis (also referred to as programmed cell
death [PCD]) is a basic, ordered, physiological process leading
to cell death without induction of inflammation. Under homeo-
stasis, it has a regulatory function. This leads to the death of
mutated, autoreactive, or damaged cells in the body. The key
role of apoptosis is to maintain internal tissue balance. During
fetal life, this process affects the normal course of embryo-
and organogenesis. The process of apoptosis involves cellu-
lar metabolism and its control is carried out by synthesis of
genes and proteins using biologically usable energy (adenos-
ine triphosphate [ATP]). It is an active process [1].

The induction of apoptosis occurs both as the result of exter-
nal stimuli (e.g., free oxygen radicals, ionizing radiation, and
drugs) and endogenous factors (e.g., errors in DNA metabo-
lism). The term “apoptosis” usually refers to single cells [2].

The process of apoptosis is one of the most important mech-
anisms of the system protecting against the development of
autoimmunity. Excessive or insufficient activity may cause
many diseases of various natures and courses. As a result
of the weakening of the mechanisms of apoptosis, the num-
ber of autoreactive cells in the periphery increases along with
their accumulation. This leads to the development of psoria-
sis, among other conditions [3]. However, in some disease en-
tities, the phenomenon of apoptosis may be intensified. This
results in increased cellular elimination. Examples of diseases
based on such a mechanism are neurodegenerative diseases
and type | diabetes [4]. There are 2 ways to induce apoptosis:
the extrinsic pathway, initiated by the ligand reaction with a
specific protein from the tumor necrosis factor receptor (TNFR)
superfamily, and the intrinsic pathway, initiated by damaged
cell structures or metabolic dysfunctions (Figure 1) [3].
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Intrinsic trial

The intrinsic apoptosis pathway involves one of the main in-
tracellular organelles, the mitochondria. The internal pathway
of programmed cell death can be activated as the result of an
increase in the concentration of Ca2+ ions in the cytoplasm,
DNA damage, an increase in the level of reactive oxygen spe-
cies, oxidative stress, and electron transport disorders [5].

An important protein involved in the stimulation of proapop-
totic factors is the p53 protein [5,6]. In addition, mitochondri-
al mega-channels, referred to as the permeability transition
pore (PTP), occurring at the contact point of mitochondri-
al membranes play an important role. The main element of
PTP is the adenine nucleotide translocator (ANT). In the inner
membrane, the ANT mitochondrion forms a complex with a
voltage-dependent anion channel (VDAC) and a benzodiaze-
pine peripheral receptor (BRP). From the cytosolic side of the
Bcl-2 family of proteins, and on the mitochondrial side of cy-
clophilin D, as well as creatine kinase (CK), glycerin (GK), and
hexokinase (HK), can bind to the PTP channel [5,7].

The PTP mega-channel opens as the result of induction by
proapoptotic factors. One of the factors that are transport-
ed by PTP to the cytoplasm is cytochrome c (Apaf-2), which
binds to Apaf-1 through its C-terminal WD multiple repeat do-
main. With the participation of WD, dATP/ATP also joins the
Apaf-1 structure. Apaf-1 connects to procaspase 9 through the
N-terminal domain of caspase activation and recruitment do-
mains (CARD). As a result of the hydrolysis of the ATP or dATP
molecule, the so-called Walker cassettes (nucleotide-binding
regions) are created. In subsequent stages, the oligomeriza-
tion of 7 Apaf-1 particles occurs and thus the formation of a
heptameric structure called the “death wheel” or apoptosome
is created [8]. The resulting complex affects the activation of
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Figure 1. Apoptosis trials: intrinsic and extrinsic
(TNF-alpha — tumor necrosis factor
alpha; TNFR — tumor necrosis factor
alfa receptor; FasL — Fas ligand;
TRADD — TNFRSF1A Associated Via
Death Domain; FADD - Fas-associated
protein with death domain).
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caspase 9, which in turn leads to activation of subsequent
executive caspases. As a result of the processes taking place,
protein proteolysis, morphological changes, and, ultimately,
cell death occur [9].

Extrinsic trial

The extrinsic pathway of the apoptosis process is otherwise
referred to as the receptor pathway. Its induction begins by
joining a specific ligand with one of the membrane death re-
ceptors, which is a transmembrane molecule. Their extracellu-
lar fragments are characterized by the ability to bind ligands.
In contrast, cytoplasmic domains are terminated with death
receptors (DD), whose function is to transmit signals into the
cell [10,11].

The largest group of death receptors is the TNFR superfamily,
which includes Fas, CD40 (cluster of differentiation 40), and
TNF-like weak inducer of apoptosis (TWEAK). The character-
istic ligands binding to them are, respectively, tumor necro-
sis factor (TNF-o1), Fas ligand (FasL), CD40 ligand (CD40L), and
TNF-related apoptosis-including ligand (TRAIL) [10,12]. Under
the influence of an appropriate protein, a protein-receptor
combination occurs. These interactions induce the transmis-
sion of death signals, which then migrate to the death domain
by activating procaspase 8. This process results in a death-
inducing signaling complex (DISC) that converts procaspase 8
into the active TNF-R1 enzyme. When combined with TNF-q,
it joins the TNF-R1-associated death domain (TRADD) [10,11].
The final stage of the extrinsic pathway of apoptosis is activa-
tion of the cascade of executive caspases (i.e., executive pro-
teins) [12]. The receptor pathway can also bind to the mito-
chondrial pathway using the Bid protein [13].

Proteins from the IAP family

Proteins from the family of apoptosis inhibitors (IAPs) play an
essential role in regulating the process of apoptosis. IAPs are
made of chains with a structure of 150-1500 amino acids with
2 characteristic domains: the baculoviral IAP-like repeats (BIR)
domain at the N-terminus and the really interesting new gene
(RING) domain located at the C-terminus of the molecule, hav-
ing the structure of a zinc finger [14]. Affiliation with IAP pro-
teins is associated with the presence of the BIR domain. BIR
domains are made up of about 70 amino acid residues that
can occur in some proteins, even in triplicate. The RING zinc
finger (RZF) domain has E3 ligase activity ubiquitin, which is
a protein that plays a role in protein ubiquitination and IAP
autoubiquitination [15].

Eight known IAP proteins are divided into 3 classes based on
the homology of the BIR domains and the presence or ab-
sence of the RZF domain. The first class includes the following
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proteins: X chromosome-binding IAP (XIAP), cellular inhibitor
of apoptosis 1 (clAP1), cellular inhibitor of apoptosis 2 (clAP2),
IAP-like protein 2 (ILP-2), and livin (BIRC7). The XIAP polypep-
tide contains 3 BIR domains, and the linker region between
BIR1 and BIR2 creates a spatial obstacle covering the active
sites of caspases 3 and 7 [15]. In addition, the BIR3 domain
has the ability to inhibit the formation of active caspase 9 ho-
modimer [16]. XIAP proteins can also inhibit apoptosis in the
caspase-independent pathway through activation of mitogen-
activated protein kinases (JNK), which subsequently leads to
phosphorylation of mitogen-activated protein kinase (MAP ki-
nase) and thereby activation of NF-xB. In the structure of clAP1
and clAP2 proteins, the CARD caspase recruiting domain ex-
ists between the BIR and RZF domains. These proteins have
the ability to inhibit apoptosis by blocking caspase 3 and 7, as
well as at the level of membrane receptors by binding to TRAF1
and TRAF2 [17]. Livin and ILP-2 are proteins distinguished by
the presence of only 1 BIR domain [15]. Livin inhibits apop-
tosis at both the mitochondrial and receptor levels by block-
ing caspase 3 and 7, as well as by inhibiting the active form
of caspase 9 [18]. In vitro, ILP-2, like the livin protein, has the
ability to interact with caspase 9 and the Bax protein. Under
physiological conditions, such relationships are not found due
to the high instability of this protein [15,19].

The second class of IAP proteins includes only the neuronal
apoptosis inhibitory protein (NAIP), which is structurally char-
acterized by the presence of 3 BIR domains in the absence of
the RZF domain. The C-terminal structure of NAIP contains the
oligomeric nucleotide-binding oligomerization domain (NOD)
with leucine-rich repeats (LRRs). Due to the presence of LRRs,
proteins containing this structure are able to bind intracellu-
lar lipopolysaccharides secreted by bacteria. In addition, these
proteins are involved in the production of cytokines and the
activation of NF-xB [15].

The third class of IAP proteins includes survivin and the BIR
repeat containing ubiquitin-conjugating enzyme (BRUCE pro-
tein/Apollon.) These proteins are characterized by the pres-
ence of only 1 BIR domain and the absence of the RZF domain.
Survivin shows, among others, the ability to inhibit caspase 9.
The participation of survivin in the regulation of apoptosis via
the cyclin-dependent p21WAF1/Cip1 kinase inhibitor and in-
direct inhibition of caspase 3 is also indicated. There are oth-
er mechanisms of survivin anti-apoptotic activity, and it has
been shown that inhibition of survivin activity leads to DNA
fragmentation due to apoptosis-inducing factor translocation
(AIF) [20]. Survivin can also inhibit cell passage through the cell
cycle phases G1 and S [21]. The second protein in the third class
of IAP is the large BRUCE membrane protein, which has ubig-
uitin ligase E3 activity due to the presence of the Ub-binding
domain UBC at the C-terminus. It exhibits an anti-apoptotic
effect by inhibiting caspase, but its main action is based on
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Figure 2. Autoimmune diseases based on
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ubiquitination and proteasome degradation of the high temper-
ature requirement A2 (HtrA2)/Omi serine protease, caspase 9,
and second mitochondria-derived activator of caspase/direct
IAP binding protein with low Pi (Smac/DIABLO) [22].

Apoptosis and Autoimmune Diseases

The main task of a properly functioning immune system is to de-
fend the body and maintain tissue homeostasis, using antigen
control of both exogenous and endogenous origin. Autoimmune
diseases are a group of diseases in etiopathogenesis which are
particularly attributed to mediation of the immune system. In
addition, a combination of environmental and molecular fac-
tors plays an important role in their induction, and autoimmu-
nity is the mechanism underlying this process [1].

Epidemiological studies have shown that autoimmune dis-
eases are an increasingly serious problem in modern soci-
ety. However, their common pathogenesis is not completely
understood. Autoreactive Th1 and Th17 lymphocytes play an
important role in the development of these diseases, result-
ing from the loss of immunotolerance and autoantibodies di-
rected against the structural elements of the body. Disorders
of apoptosis also contribute to the development of autoim-
mune diseases [23].

The most common autoimmune diseases are psoriatic arthri-
tis, rheumatoid arthritis, connective tissue diseases, multiple
sclerosis, autoimmune thyroid diseases, celiac disease, and in-
flammatory bowel disease (Figure 2). Most autoimmune dis-
eases affect women more often than men. In addition, the
appearance of one disease from auto-aggression significantly
increases the risk of the parallel development of another [23].

Autoimmune Thyroid Disease

Of the autoimmune organ-specific diseases, many are endo-
crine disorders, particularly those related to the thyroid gland.

The most common autoimmune diseases of the thyroid gland
are Graves’ disease and chronic Hashimoto’s lymphocytic thy-
roiditis. Approximately 10% of the general population have spe-
cific antibodies directed against structural elements of the thy-
roid gland, leading to its dysfunction. This confirms the scale
of the prevalence of given diseases. As with most autoimmune
diseases, thyroid gland disorders are much more common in
women, most likely due to estrogen [23].

The most common chronic autoimmune thyroid disease is
Hashimoto goiter, otherwise known as lymphocytic goiter.
The key pathological factor is the induction of the autoimmune
process against thyroid follicular cells, resulting in autoreactive
cells [3]. In addition, Hashimoto’s disease is a major non-iatro-
genic cause of subclinical or overt hypothyroidism, with wom-
en ages 35-50 years most often affected. Lymphocytic infiltra-
tion occurs with the simultaneous formation of lymph papules
in the thyroid parenchyma. The clinical picture involves the de-
struction of thyroid follicular cells, the presence of antibodies
directed against thyroid peroxidase (anti-TPO), and increased
proliferation of connective fibrous tissue in the thyroid [24].

The pathogenesis is multifactorial. Autoimmune thyroid dis-
orders develop under the influence of environmental and ge-
netic stimuli. In genetic conditions, a large role is attributed to
the genome of the human leukocyte antigen (HLA) system, the
presence of protein tyrosine phosphatase, non-receptor type 22
(PTPN22) polymorphisms, cytotoxic T-lymphocyte-associated
protein 4 (CTLA4), and the variability of proinflammatory cy-
tokine coding regions. These are referred to as being “asso-
ciated” with susceptibility to autoimmune thyroid disease.
Experimental studies found that, in the case of Hashimoto’s
disease, HT-1 localized on chromosome 13 and HT-2 on chro-
mosome 12 are the regions predisposed to the development
of this disease. The genetic susceptibility to Graves’ disease is
determined by the GD-1 region on chromosome 14, the GD-2
region on chromosome 20, and the GD-3 region on the X chro-
mosome. Among the involved environmental factors, iodine
concentration plays a key role, followed by interferon o and
bacterial and viral infections. Research shows that the clinical
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symptoms of autoimmune thyroid disease are correlated with
the rate of apoptosis. The conducted studies indicate a sig-
nificant role of proapoptotic mediators of programmed cell
death in the induction of the disease process. In addition, the
activity of the process of apoptosis of thyrocytes and intra-
thyroid lymphocytes is a factor determining the phenotype of
autoimmune disease, which results in hypothyroidism or hy-
perthyroidism [3].

In Hashimoto’s autoimmune thyroiditis, the result of infiltration
of the thyroid parenchyma formed by macrophages and lym-
phocytes is an increase in the expression of transmembrane
macromolecules encoded by the Fas and FasL genes, there-
by leading to the activation of the process of thyroid follicu-
lar cell apoptosis. An increase in Fas/FasL surface expression
levels has also been demonstrated in Graves’ disease. The en-
tire cascade of reactions is controlled by thyrotropic hormone
(TSH), TSI, and anti-TPO antibodies, and local inflammatory
cytokines such as interferon-y or IL-2 [24,25].

Intra-thyroid T cells are also expressed in Fas/FasL genes.
However, significantly higher Fas and FasL expression was found
in patients with Graves-Basedow disease than in those with
Hashimoto’s disease based on the results of studies conduct-
ed by Bossowski et al. In addition, T lymphocytes are charac-
terized by the expression of the FasL membrane, which could
also potentially be an activating factor in the process of the
apoptosis of thyroid cells. However, their number is small, which
significantly reduces apoptotic possibilities. As a consequence,
the function of T lymphocytes is limited only to regulation of
proapoptotic molecule expression by thyrocytes, by means of
cytokines, and not to induction of direct follicular cell death
as a result of the Fas-FasL relationship [24,26].

A defect in the entire pathway leading to cell death also be-
longs to the molecular factors that lead to the development
of autoimmune thyroid disorders. As a result of the mutation
of Fas, FasL genes, or other components of the extrinsic path-
way, apoptosis develops a condition called autoimmune lym-
phoproliferative syndrome (ALPS) [3].

In addition, anti-apoptotic molecules within thyrocytes play
an important role in the induction of Hashimoto’s disease.
The Bcl-2 protein plays a key role in regulating cell cycle pro-
cesses. Its increased activity is observed in Graves-Basedow
disease, while in Hashimoto’s goiter its expression decreases
with a simultaneous increase in the expression of proapop-
totic proteins Bid, Bcl-xL, and Bak. Thus, in this case we are
also dealing with the antagonistic course of autoimmune thy-
roid disease. Thyroid follicular cells in the course of autoim-
mune thyroiditis are subject to intensive induction of apop-
totic pathways with simultaneous destruction of regulatory
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mechanisms that could inhibit their self-destruction under
physiological conditions [26].

In addition, the main role in the development of Hashimoto’s
thyroiditis is attributed to the immune response involving the
first type helper lymphocytes (Th1), in the course of which to
produce of cytokines IL-12, TNF (tumor necrosis factor), INF-y
(interferon gamma). In contrast, the response controlled by
Th2 lymphocytes and their products (IL-4, I1-10) is characteris-
tic of Graves’ disease. As a result of the synergistic interaction
of INF-y and TNF, an increase in sensitivity to Fas-dependent
apoptosis develops [25].

The results of research conducted by Wang et al., during which
the effect of INF-y and ILB on the sensitivity of thymocytes was
examined, suggests the participation of genes associated with
the apoptosis signaling pathway and transport proteins, as
well as signaling of endoplasmic reticulum and mitochondria
in the course of Hashimoto’s disease. In addition, an increase
in the concentration of caspases 1, 3, 4, 7, 8, 10 and Bid pro-
tein in thyroid cells has been shown [27].

Based on the incubation of thymocytes in the cytokine environ-
ment, conclusions were also made about a significant increase
in Bid protein expression, leading to the activation of the mi-
tochondrial apoptosis pathway and thus the release of cyto-
chrome c and Smac/DIABLO molecules XIAP obstacle inhibitors.
In addition, induction of p38 MAPK (mitogen-activated protein
kinase) and increased expression of iNOS (inducible nitric ox-
ide synthase) activate caspases 3, 7, 10, and Bid, thus affect-
ing the course of the intrinsic pathway of apoptosis [27,28].

The effect of the thyrotropic hormone (TSH) and antibodies
on the level of Fas gene expression occurs by means of in-
tracellular cAMP (cyclic adenosine monophosphate) concen-
tration and the T3, T4 hormones positively correlate with the
sFas form, which is the soluble form of the FasL receptor. T3
and T4 also affect the degree of expression of proteins from
the Bcl-2 family, reducing the expression of the anti-apoptotic
Bcl-2 protein, thus inducing apoptosis [29].

TRAIL also influences the initiation of this process within thy-
roid cells as a result of binding to death receptor 4 (DR4) and
death receptor 5 (DR5). Their expression increases under the
influence of proinflammatory cytokines. There are currently
3 hypotheses describing TRAIL’s properties in the course of
Hashimoto’s. The first is based on the role of lymphocytes, on
the surface of which TRAIL is expressed. They participate in
the destruction of the thyroid gland. The second mechanism
assumes the defensive action of TRAIL molecules on the sur-
face of thyroid follicular cells, and the third thesis assumes the
expression of TRAIL and its receptors on thymocytes, induc-
ing their apoptosis [29].
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Type | diabetes

Another autoimmune disease in which the pathological pro-
cess takes place within the organs of the endocrine system is
type | diabetes. In its course, the phenomenon of apoptosis
contributes to the destruction of B-islet cells responsible for
insulin production. Thus, this results in a decrease in their cell
mass. Manifestation of the disease begins when the mass of
B cells is reduced to 80% to 90%. In this case, it is impossi-
ble to maintain normal blood glucose levels in a sick person.
However, effective treatment contributes to the renewal of
cells, leading to disease remission [30].

Hyperglycemia arising in the course of type | diabetes has an
impact on immunological and metabolic processes as well as
oxidative stress. An increase in glucose causes toxic effects on
pancreatic islet B cells. This is done through the proapoptotic
protein Bax, causing the release of cytochrome c from the mi-
tochondrial space and activation of caspase 3. Therefore, their
apoptosis is induced. The clinical consequence is a decrease
in glucokinase expression and ATP synthesis, which causes a
weakening of secretion and a decrease in insulin concentra-
tion in patients’ blood [30,31].

At the same time, antioxidative mechanisms dysfunction with
an increase in reactive oxygen species. This phenomenon con-
tributes to the peroxidation of lipids, proteins, and nucleic ac-
ids. The end result is the destruction of pancreatic islet j cells.
Therefore, the introduction of compounds from the group of
antioxidants as one of the possible therapeutic schemes con-
tributes to the protection of Langerhans island cells against
oxidative stress. Nicotinamide is an example of such a com-
pound. However, based on the results of in vitro studies per-
formed by Hoorens, no “protective” effect of the above com-
pound against proinflammatory cytokine-dependent apoptosis
of pancreatic 3 cells has been demonstrated, and only the ef-
fect on necrosis was noticed [32].

Apoptosis is also associated with other pathological process-
es in the course of diabetes. Leukoembolization is a pathologi-
cal phenomenon in diabetes microcirculation consisting of the
occurrence of an embolism. Protein glycosylation of cell mem-
branes causes granulocytes to lose their ability to deform. This
process is accompanied by an increase in IL-8 production and
endothelial cell apoptosis [33].

Another situation concerns brain changes in the course of di-
abetes; neutrophilic factors are involved in the pathogenesis
of these changes. In addition, mention should be made of the
anti-apoptotic factor insulin-like growth factor 1 (IGF-1), which
affects neuronal survival. Other inflammatory factors may addi-
tionally cause IGF-1-infected signal transduction disorders [34].
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Non-specific inflammatory bowel disease

Apoptosis disorders are also observed in the course of inflam-
matory bowel disease (IBD). The group of diseases includes
ulcerative colitis, Crohn’s disease, and unspecified colitis.
A characteristic clinical feature of these diseases is extensive
inflammatory changes accompanied by abdominal pain. Their
pathogenesis is not strictly defined, but a special role is as-
signed to the activity of genetic, environmental, and immuno-
logical factors. The most important genetic factor determin-
ing the occurrence of ulcerative colitis and Crohn’s disease is
the family occurrence of given disease entities, for which the
susceptibility genes are, respectively, /BD2 located on chro-
mosome 12 and NOD2/CARD15, whose loci occurs on chro-
mosome 16 [35].

In addition, dysfunctions in the process of apoptosis are one
of the factors that induce disease in their course. Epithelial
cells of the intestine undergo continuous regeneration as a
result of the proliferation of structural units at the bottom of
the intestinal crypts and programmed death at their top. This
phenomenon conditions the proper renewal of the epithelium.
Inflammatory bowel disease occurring in active form is charac-
terized by an increase in the activity of the process of apopto-
sis and at the same time their proliferation. As a result of the
imbalance between the above-mentioned processes, chronic,
recurrent conditions develop [36].

Confirmation of this theory are the results of research carried
out by Yukawa et al., suggesting an increase in the expression
of apoptotic factors in the active form of ulcerative colitis. In
Crohn’s disease, disturbances in the expression of genes en-
coding proteins from the Bcl-2 family participating in the mito-
chondrial pathway of apoptosis are observed. The expression
of genes encoding the pro-apoptotics protein Bax and a high
ratio of the anti-apoptotic protein Bcl-xL to Bax (Bcl-xL/Bax) is
reduced. The result is apoptosis resistance, contributing to the
development of a chronic disease process [36,37].

Inflammatory cytokines play an important role in the course of
inflammatory bowel disease (IBD). Their role is to initiate the
severity of the inflammatory process and to maintain it. This
mainly involves IL-1, IL-6, and IL-23. There are many studies
on the expression of proinflammatory cytokines in patients
with IBD. The increased expression of these factors has been
correlated with disease activity [38].

Studies have shown that the level of IL-6 expression is increased
in patients with active ulcerative colitis, as well as in those
with active and inactive forms of Crohn’s disease. According
to the available literature, IL-6 activates the transcription fac-
tor STAT by attaching to the receptor. This stimulates the re-
cruitment of T lymphocytes and granulocytes to the intestinal
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epithelium. In this way, the inflammatory process is initiated
and the apoptosis of damaged cells is inhibited, thus result-
ing in tissue repair [39].

The inhibition of T cell apoptosis in the intestinal mucosa also
plays an important role. As a result of this process, there is
a loss of control over the cellular immune response, which is
predominant in Crohn’s disease and humoral in the case of
ulcerative colitis. As a consequence, the inflammatory process
is constantly maintained in the intestinal wall. In addition, in
ulcerative colitis an increase in Ki-67 antigen expression in
intestinal crypt cells and a positive correlation with epithe-
lial dysplasia have been shown. Determination of PCNA, or
testicular proliferation antigen, is helpful in detecting foci of
dysplasia of this disease. In Crohn’s disease, increased pro-
liferation of intestinal crypt cells predisposes mucosa to mu-
tation. Research conducted by Dandrieux et al. was based on
the evaluation of proapoptotic markers Casp3 and PARP, as
well as the anti-apoptotic Bcl-2. However, the literature relat-
ed to the proliferative index in the course of IBD, presenting
the results of the study, is insufficient [36,40].

Multiple sclerosis

Multiple sclerosis (MS) is a progressive disease of the central
nervous system, characterized by extensive demyelinating le-
sions resulting from abnormal apoptosis. The clinical picture
of MS is manifested by changes in the central nervous system
(CNS) occurring in the form of a neurological deficit. It is char-
acterized by damage to the myelin sheath of the axons within
the brain and spinal cord with associated inflammatory foci.
The etiopathogenesis of this disease is extremely complicated.
Genetic background as well as a significant contribution of the
immune system are mentioned among the potential pathoge-
netic factors. Autoreactive T lymphocytes, proinflammatory cy-
tokines, and regulatory cells, which are immune components
that induce disease, play a special role in the development of
MS. Viruses or bacteria belong to the group of environmen-
tal factors [41].

The main class Il histocompatibility system (HLA class Il sys-
tem) is a genetic factor that is actually associated with the
induction of a pathological process. Susceptibility to MS de-
velopment is determined by the HLA DRI 501, HLA DR 4, and
HLA DP5 alleles, depending on the population in which they
occur. In addition, genes such as MBP, ApoE, ICAM1, PTPRC,
and MHC2TA, and also the CARD11 gene associated with the
process of apoptosis, are significantly involved in the devel-
opment of MS [42].

The most likely mechanism leading to the degeneration of
nerve cells is their programmed death process induced by cal-
cium ion-dependent enzymes. As a result of an increase in the
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concentration of Ca2+ ions in the neuronal cytoplasm, i.e. the
overload arising due to disruption of the ion channels in the
cell membrane, a cascade of reactions leading to the process
of apoptosis begins. This situation occurs, among others, in
the case of hypoxia of nerve cells during ischemic stroke or as
a result of inhibition of neuronal nutrition due to the destruc-
tion of oligodendrocytes by an ongoing inflammatory process.
In the case of MS, neuronal hypoxia in inflammatory foci may
also occur as a result of the production of large amounts of
nitric oxide (NO), causing disturbances in ATP production [43].

An increase in the concentration of calcium ions in the cyto-
plasm induces proteolytic and lipolytic enzymes and protein
kinases. As a result of simultaneous activation of the afore-
mentioned enzymes and nitric oxide synthetase, damage oc-
curs, and as a consequence, so does neuron death. The con-
duction of nerve impulses in damaged nerve cells leads to an
increase in the use of cellular energy compared to a neuron
with a normal structure. Thus, along with the accompanying
mitochondrial dysfunction caused by the action of nitric ox-
ide, a condition called “virtual hypoxia”, calcium disorders, and
nerve cell damage are introduced [44].

The direct pathway of neurodegeneration in MS and exper-
imental autoimmune encephalomyelitis (EAE) is based on
damage to nerve cells as a result of their contact with T lym-
phocytes and monocytes. CD4+ and CD8+ lymphocytes infil-
trate the CNS. When they come into contact with the body of
the neuron or its projections, a cascade of reactions leading
to cell death is initiated. As a result of the interaction of the
death ligand with a specific receptor, which can be expressed
on the surface of nerve cells, oligodendrocytes, and autoreac-
tive T cells, cell apoptosis occurs. As a result of the ligand in-
teraction with the death receptor, intracellular transmission
based on the presence of molecules Fas-associated death do-
main (FADD), TNF receptor-associated death domain (TRADD),
FLICE-like protein inhibitors (FLIP) activating caspase 8, 3, and 7.
Ultimately, this leads to cell apoptosis [41,45].

Activated macrophages and microglia cells are characterized
by the production of proinflammatory cytokines TNF-a, IL-1,
and IL-6, which also have the ability to induce the process of
nerve cell apoptosis. In addition, these cells in inflammatory
foci increase the amount of oxygen free radicals (ROS), which
are characterized by their high affinity for nucleic acid struc-
tures, thereby damaging neurons. As a result of ROS, cyto-
chrome c and AIF are also released from mitochondria [45].

The indirect route of the neurodegeneration process in the
course of MS is a consequence of the ongoing inflammatory
process. Under the influence of antigen-specific myelin sheath
T lymphocytes, phagocytosis occurs, along with the production
of proinflammatory cytokines and reactive oxygen species by
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macrophages. Ultimately, the above-mentioned phenomena
lead to the exposure of the nerve fiber [41].

The process of apoptosis is also discussed in the aspect of oli-
godendroglial cell death. In addition, Bcl-2-positive lympho-
cytes have been shown in MS plaques. Their number is greater
in the stage of progressive disease and in the area of remye-
lination. Fas expression has been shown to be central to the
death process of central nervous system astrocytes. The in-
tensity of oligodendrocyte apoptosis is caused by overexpres-
sion of the p53 transcription factor. A similar situation applies
to caspases [46].

Psoriasis

Psoriasis is an autoimmune disease in which both cellular and
humoral responses are disturbed. Due to the autoimmune na-
ture, particular attention is paid to the role of uncontrolled ac-
tivation of autoreactive helper T cells differentiating from naive
T cells. There are 3 types of T lymphocyte formation: IL-12/Th1,
IL-22/Th22, and IL-23/Th17 [23].

The inflammatory process underlying the development of the
disease begins with the presentation of the autoantigen on
antigen-presenting cells (APCs). The first stage of the disease
can be initiated by various factors, including infectious agents,
injuries, or stress. These factors have the ability to release cy-
tokines, i.e. IL-1 and TNF-a, from keratinocytes, which in the
next stage activate skin macrophages and dendritic cells (DCs).
DCs migrating to the lymph nodes initiate T cell activation. This
is a model of an immunological synapse integrating T cell sig-
naling pathways. This combination leads to the induction of
the IL-12/Th1/IFN-y pathway. Interleukin 12 plays a key role
in the differentiation of Th1 lymphocytes, which affects the
growth of IFN-y via the STAT4 receptor. In addition, interferon
yincreases the activity of the leading transcription factor Th1,
T-bet, thus affecting a further increase in the synthesis of in-
terferon y while reducing the synthesis of IL-4 and IL-5 [47].

IL-23 is another interleukin that plays an important role in the
pathogenesis of psoriasis, which is produced by dendritic cells
and other APCs that affect the development and maturation
of Th17 effector lymphocytes. The process of maturation and
differentiation occurs with the participation of transforming
growth factor B (TGF-B), IL-1b, IL-6, and IL-21. In addition, IL-23
inhibits IL-22 synthesis [48]. Thus, IL-23 has an activating effect
on the Th17/11-23 axis [49]. The main cytokines produced by
Th17 lymphocytes are IL-6, IL-17, IL-21, and IL-22. Interleukin
21 re-stimulates Th17 lymphocyte synthesis. Interleukin 17A
stimulates the production of IL-6, IL-8, and G-CSM by endothe-
lial cells, epithelial cells, and keratinocytes. In addition, prolif-
eration of keratinocytes has been shown to be stimulated by
IL-22, and the severity of the changes correlates with IL-23 and
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IL-17. It is known, therefore, that the immune response initiat-
ed by Th1 under the influence of IL-12 is maintained by IL-23,
which stimulates Th17 maturation and activity and also affects
the maintenance of an appropriate pool of memory cells [47].

Another Th lymphocyte population significantly increased in
psoriasis is the Th-22 lymphocyte population promoted by IL-6,
TNF-0, and plasmacytoid dendritic cells. Th-22, Th-17, and Th-1
lymphocytes have the ability to produce IL-22, whose roles in
the pathogenesis of psoriasis have been confirmed in animal
models. The Th22/IL22 axis is thus activated. IL-12 has the
ability to differentiate keratinocytes and also regulates the
expression of genes responsible for antibacterial defense. In
addition, IL-22 interferes with the disruption of their physio-
logical exfoliation by interfering with keratinocyte differentia-
tion. IL-22 affects the extracellular degradation of connective
tissue stroma in connection with the production of MMPs 1
and 3 (matrix metalloproteinases) by stimulating the produc-
tion of chemokines and also plays a role in the accumulation
of neutrophils in the skin. IL-22 also stimulates the production
of IL-20 with a similar mechanism of action [49].

It has been shown that the second mechanism involved in the
etiopathogenesis of psoriasis is a disorder of the humoral re-
sponse based on the presence of autoreactive B lymphocytes
responsible for the recognition of autoantigens without con-
nection with major histocompatibility complex (MHC) mole-
cules as well as the production of autoantibodies [49]. Psoriasis
patients have been shown to have the presence of anti-nucle-
ar antibodies (ANA) [50]. The specific autoantigen that trig-
gers the autoimmune response is not known; however, sever-
al potential autoantigens are highlighted. Research conducted
on bacterial superantigens with which skin autoantigens may
cross-react have enabled the specification of the role of ker-
atin 13, 16, and 17 (K13, K16, K17) and heterogeneous A1 ri-
bonucleoprotein (hnRNP-A1) in the challenge of autoimmune
response in patients with psoriasis. In addition, increased ex-
pression of keratin 6, 14, 16, and 17 and decreased expres-
sion of keratin 1 and 10 in psoriatic lesions have been shown.
Their increased expression in in vitro stimulation by IL-1b and
IFN-y cytokines has been demonstrated [47]. K17 has also been
shown to have an important role in the pathogenesis of pso-
riasis. IFN-y, IL-17A, and IL-22 regulate keratin K17 mRNA and
its concentration in keratinocytes. Another potential antigen
that can trigger an autoimmune response is Pso p27 (psoria-
sis-associated antigen). Pso p27 occurs in diseased keratino-
cytes and lymphocytes and plays an important role in the ac-
tivation of the complement system, and it participates in the
formation of immune complexes and supports the inflamma-
tory process by activating T lymphocytes [51].

It has also been proven that as a result of viral and bacterial
infections, the immune response is strongly activated due to
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Figure 3. Apoptosis in psoriasis mainly regulated by Bcl-2 family proteins (BH1-BH4 — proteins domains; TM — transmembrane

domain).

the structural similarity of the bacterial or viral epitope to the
autoantigen. As a result of structural similarity, an autoimmune
response may occur due to the molecular mechanism of mim-
icry [47]. It has been demonstrated that psoriatic lesions can
also be caused by colonization and infection with pathogens
from the Staphylococcus and Streptococcus groups. There is
evidence that streptococcal groups A, C, and G infections are
the provoking factor for psoriasis. As a result of the appear-
ance of the M protein and peptidoglycan in the bloodstream,
they are absorbed by monocytes or macrophages and then
initiate autoimmunity. Homology between streptococcal pro-
tein M and type | keratin has been demonstrated. Psoriasis pa-
tients have a high titer of anti-peptidoglycan, which is a com-
ponent of the streptococcal cell wall [52].

Apoptosis in psoriasis

Psoriasis is a disease in which there is a significantly reduced
number of apoptotic cells compared to normal epidermis of peo-
ple without dermatological dysfunction [10]. Wrone-Smith et al.
proved that psoriatic keratinocytes are also resistant to factors
that induce programmed cell death. As a result of keratino-
cyte resistance to proapoptotic signals transmitted by TNF-a,
a paradoxical increase in the concentration of this proinflam-
matory cytokine occurs. Inhibitors of apoptosis include the
survivin protein belonging to the IAP family that binds to cas-
pases, virtually absent in the epidermis not affected by the

disease process. However, the process of apoptosis, which is
one of the main factors clearly affecting the pathomechanism
of the disease, is not well understood.

It is known that the process of apoptosis is regulated by pro-
teins from the Bcl-2 family, which include proapoptotic (Bax,
Bak, Bad) and anti-apoptotic (Bcl-2, Bcl-xL) proteins. The ear-
liest discovered protein belonging to this group is the anti-
apoptotic Bcl-2 protein. All proteins of the family have at least
one of the 4 regions of the so-called Bcl-2 homology domains
in common: BH1, BH2, BH3, and BH4. Bcl-2 family proteins
are divided by their function and structure. The first group in-
cludes anti-apoptotic proteins, i.e. Bcl-2, Bcl-xL, and MCL-1,
and in their structure have all 4 BH domains and also a trans-
membrane signaling-anchoring sequence. Group 2 proteins are
proapoptotic proteins having the BH1, BH2, and BH3 domains,
i.e. Bax, Bak, and Bok. The third group includes proapoptot-
ic proteins containing only the BH3 domain (Bim, Bik, Bnip3,
Bnip3l, Noxa, Puma, Spike, and Hrk) (Figure 3) [53]. Studies by
Takahashi et al. [54] showed increased expression of the anti-
apoptotic Bcl-xL protein in psoriatic epidermis compared to epi-
dermis without dermatological dysfunction. It is suggested that
the increased expression of the gene encoding the anti-apop-
totic Bcl-xL protein affects epidermal acanthosis in the course
of the disease process. It has been shown that TNF-o increas-
es the expression of the Bcl-xL gene as well as Bcl-2 and the
gene encoding the Bax proapoptotic protein in psoriasis [54].
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Understanding the mechanism of the effect of TNF-o on ex-
tending the life of epidermal cells has enabled the introduc-
tion of innovative treatment methods such as TNF-a. inhibi-
tors belonging to the group of biological drugs.

One of the stimuli initiating the process of apoptosis is the
combination of the CD40 protein, which is a receptor belong-
ing to the TNFR family with its ligand, CD40L. The CD40 mole-
cule is a glycoprotein present on dendritic cells, macrophages,
T and B lymphocytes, monocytes, basophils, epithelial cells,
and endothelial cells. Expression of CD40 can be stimulated
by the proinflammatory cytokines TNF-a, IL-1, IL-3, IL-4, and
IFN-y [55]. The CD4O0 ligand, also called CD40L or CD154, is a
transmembrane protein that is a member of the TNF super-
family. CD40L is expressed mainly on activated T and B cells as
well as monocytes, NK cells, mast cells, and basophils. The in-
teraction between CD40 and CD4O0L triggers a signal contrib-
uting to the initiation of cellular immune responses.

The CD40/CD40L system is found in healthy skin. In psoriasis,
both CD40 and CD40L expression are increased, with CD40L
overexpression mainly occurring at the initial stage of psori-
atic lesions. Mysliwiec et al. [10] reported in a review work a
significantly higher concentration of CD40 and CD4O0L in the
skin keratinocytes of patients with psoriasis in comparison
with healthy skin keratinocytes [10]. These studies confirm
that signals triggered by the CD40/CD40L system are impor-
tant for regulating various signaling pathways, including NFxB
factor pathways, mitogen-activated protein kinase pathways
(MAPK), the 3-phosphatidylinositol 3-kinase pathway (PI3K),
and the Cy phospholipase pathway (PLCY). Thus, various cel-
lular processes, including the process of apoptosis, are regu-
lated through these pathways [56].

The Fas receptor, a member of the TNF family, is thought to play
an important role in the induction of psoriatic lesions. The Fas
receptor ligand (FasL), which is a transmembrane protein, also
belonging to the TNF family. As a result of the binding of the
Fas receptor to FasL, apoptosis is induced. Research conduct-
ed by Takahashi et al. clearly indicates a significantly increased
Fas expression in psoriatic keratinocytes compared to normal
epidermis [54]. Mysliwiec et al. [57] showed in another study
that the concentration of soluble Fas protein (sFas), which is
considered an inhibitor of apoptosis in the serum of psoria-
sis patients, is significantly increased compared to the serum
concentration of healthy individuals [57].

Tumor necrosis factor o as a main of proinflammatory
cytokine

Tumor necrosis factor a is a cytokine involved in the inflam-
matory and immune responses. The genes for TNF-a. are locat-
ed among MHC genes, on chromosome 6p213. Acting through
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specific receptors, it initiates various reactions, including inflam-
matory reactions, septic shock, and apoptosis. Active TNF-o is
a homotrimer. Tumor necrosis factor precursor is a transmem-
brane protein with a molecular weight of 26 kDa, while the
TNF-o converting enzyme (TACE/ADAM 17) produces a free form
with a molecular weight of 17 kDa. TNF-o is mainly produced
by monocytes and macrophages and additionally by neutro-
phils, keratinocytes, mast cells, fibroblasts, endothelial cells,
and cardiomyocytes. TNF-ou can bind to 2 types of receptors:
TNF-R1 found on most nuclear cells and TNF-R2 expressed on
immune cells. In addition, IL-1, IFN-y, IL-2, and TNF-o increase
the expression of TNF-o receptors [58].

As a result of TNF-ow attachment to the TNF-R1 receptor, there
is a cleavage from the intracellular part of the so-called death
domain of the protein SOD inhibitor, which leads to the forma-
tion of active protein trimers. In the next stage, the TRADD pro-
tein is activated, which forms complexes with the transmitters
RIP, TRAF2, and FADD, activating subsequent stages of signal
transduction, including the NF-xB-related pathway, the MAPK
pathway, or the caspase-related pathway [58]. The TRADD-RIP-
TRAF2 combination leads to activation of the kB inhibitor ki-
nase (lkB), which releases in the cytoplasm of NF-kB through
kB phosphorylation. NF-kB affects the transcription of genes,
including genes encoding anti-apoptotic proteins. Regulation
of cell death via the TRADD-RIP-TRAF2 complex also occurs
through the activation of JNK kinase and as a result of stimu-
lation of the MAPK complex. In addition, the TRADD-RIP-FADD
complex acts through caspase 8 activates caspase 3 and 7,
thus ultimately affecting cell apoptosis [59].

Tumor necrosis factor affects cells of the immune system, caus-
ing many effects (Table 1) [60]. In psoriasis, TNF-k has been
shown to induce the proinflammatory cytokine synthesis by
activated lymphocytes or keratinocytes. In addition, TNFo has
been shown to increase the effects of NF-kB, which is a cyto-
kine nuclear transcription factor, i.e. ICAM-1, VCAM-1, TNF-q,
IL-6, and IL-8. As a result of the aforementioned activation of
the NF-xB factor, the inflammatory reaction is strengthened
and the process of keratinocyte apoptosis is abolished [61].

Psoriasis treatment and normalization of the apoptosis
process

Psoriasis is characterized by hyperproliferation of keratino-
cytes with subsequent thickening of the epidermis, which re-
sults from impairment of the programmed cell death process.
In recent years, the effect of various treatment methods used
in psoriasis on the regulation of apoptosis and the restoration
of normal keratinocyte homeostasis has become the subject of
research. In one of the latest studies by Shi et al. concerning the
effect of oxymatrine or acitretin treatment on cell proliferation
and apoptosis in psoriatic epidermis, monoclonal antibodies
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Table 1. Effects of TNF-a [60].
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TNF-o (tumor necrosis factor o)

 Cytotoxicity of macrophages and

monocytes neutrophils

¢ Affects the production of cytokines,
i.e. INF-y, IL-1, and IL-6

e Enhances the proliferation and
differentiation of T lymphocytes, B
cells, and NK cells

¢ Increases the phagocytic activity of

¢ Cytotoxicity of eosinophils

¢ Induces the expression of adhesive
particles and chemokines

directed against nuclear antigens (PCNA), anti-Ki antibodies
were used as well as murine anti-Bcl-2 monoclonal antibod-
ies. The Terminal Deoxynucleotidyl Transferase Mediated d-UTP
Nick End-Labeling (TUNEL) method was also used. Researchers
have shown that oxymatrine significantly reduces psoriatic le-
sions, which confirms the decrease in Psoriasis Activity and
Severity Index (PASI) after treatment. In addition, a decrease
in the proliferation index value indicates that oxymatrine in-
hibits epidermal cell proliferation. However, oxymatrine has
been shown to inhibit cell apoptosis by increasing the expres-
sion of the anti-apoptotic Bcl-2 protein [62].

The improvement of normal homeostasis of psoriatic epidermal
cells is mainly based on the restoration of the normal mech-
anism of cell apoptosis. Studies carried out in recent years
with regard to biological drugs directed against TNF-o have
shown their significant influence on the regulation of the ac-
tivity of pro- and anti-apoptotic proteins. Studies carried out
by Kokolakis et al. [63] showed a significant reduction in the
expression of genes encoding anti-apoptotic proteins Bcl-2,
Bcl-xL, and the transcription factor NF-xB, as well as an in-
crease in the expression of genes encoding the proapoptotic
proteins p53, Bax, and AIF in patients treated with infliximab.
The observed changes in expression correlated with a decrease
in epidermal thickness as well as a decrease in the value of
surface indicators and the severity of psoriatic lesions, which
indicates a positive effect of the use of TNF-alpha antagonists
in patients with psoriasis [63]. Similar conclusions regarding
the efficacy of biological drugs in the treatment of psoriasis
were obtained by Yu et al. [64]. The authors examined 30 pa-
tients with moderate to severe plaque psoriasis treated only
with etanercept or etanercept in combination with methotrex-
ate (MTX). Researchers showed lower serum levels of interleu-
kin (IL)-17A, IL-23, and tumor necrosis factor o, as well as a

reduction in their mRNA expression in peripheral blood mono-
nuclear cells (PBMCs) in patients undergoing combination ther-
apy compared to patients undergoing monotherapy. However,
the incidence of adverse effects was higher in patients receiv-
ing etanercept and methotrexate (60%) compared to patients
taking only etanercept (33.3%). Therefore, the authors of these
studies have demonstrated the effectiveness of etanercept in
plaque psoriasis, as well as increased efficacy when metho-
trexate is included in treatment [62]. It has also been shown
that methotrexate monotherapy significantly increases the ex-
pression of caspase 9 and decreases the expression of genes
encoding Bcl-xL, c-FLIP, NFkBp65, and pAkt1, which indicates a
beneficial effect of MTX on the induction of the mitochondrial
apoptosis pathway, thus controlling acanthosis [65].

Conclusions

Apoptosis is a process of programmed cell death. It is a com-
plex process in which many components are involved. The tu-
mor necrosis factor family plays a special role in this process.
Moreover, the Bcl2 family proteins, as regulators of this pro-
cess, are equality important. Many autoimmune diseases are
based on this aspect. One of them is psoriasis. Normalization
of the apoptosis process in the course of psoriasis may lead
to the reduction of clinical changes. For this purpose, a num-
ber of therapeutic methods are used, but biological drugs are
the therapeutic future.
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