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Abstract: Caspase-14 is a unigque member of the caspase family—a family of molecules participating
in apoptosis. However, it does not affect this process but regulates another form of programmed cell
death—cornification, which is characteristic of the epidermis. Therefore, it plays a crucial role in
the formation of the skin barrier. The cell death cycle has been a subject of interest for researchers
for decades, so a lot of research has been done to expand the understanding of caspase-14, its role
in cell homeostasis and processes affecting its expression and achivation. Conversely, it is also an
interesting target for clinical researchers searching for its role in the physiology of healthy individuals
and its pathophysiology in particular diseases. A summary was done in 2008 by Denecker et al.,
concentrating mostly on the biotechnological aspects of the molecule and its physiological role.
However, a lot of new data have been reported, and some more practical and clinical research has
been conducted since then. The majority of studies tackled the issue of clinical data presenting the role
of caspase in the etiopathology of many diseases such as retinal dysfunctions, multiple malignancies,
and skin conditions. This review summarizes the available knowledge on the molecular and, more
interestingly, the clinical aspects of caspase-14. It also presents how theoretical science may pave the
way for medical research. Methods: The authors analyzed publications available on PubMed until 21
March 2021, using the search term “caspase 147,

Keywords: caspase 14; epidermis biology: comification; pathobiology; non-apoptotic caspase

1. Introduction

The subtle balance between cell death and growth in tissues plays a crucial role in
the well-being of organisms. Such processes are regulated by certain proteins, many of
which have been the subject of the interest of numerous scientific projects up to date. A
lot of research has been done, especially on the possible ways of cell death, including
necroptosis [1], pyroptosis [2], autophagy, mitotic catastrophe, and the best elucidated—
apoptosis [2]. The clinical consequences of the dysfunction of particular proteins in the
processes are of great concern to human health. Caspases constitute one of the groups of
proteins that participate in homeostasis [4].

Caspases are proteins that play an important role in the complex cascade of reactions
leading to cell apoptosis, the initiation of inflammation, or terminal cell differentiation [5-7]. The
most important element of controlling the activity of those processes is their production in the
form of inactive molecules—zymogens. They may by activated in the process of dimerization
only if adequately triggered or via the production of multimolecular complexes [8,9]. The
membership in the caspase protein family is defined by sequence homology with Ced-3, an
important effector protein in programmed cell death in Caenorhabditis elegans [10].

Imt. J. Mol Sci. 2021, 22, 5575, hitps:/ /doi.org /103390 fjms22115575
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The whole family of caspases may be divided into the following groups: those which
participate in apoptosis in mammals (caspase-3, -6, -7, -8, and -9) and those which control
inflammation (caspase-1, -4, -5, and -12). Caspases -2, -12, and -14 have a more complex
function, so they cannot be included in any of those groups [11].

Apoptosis is a form of cell death. It involves the destruction of the intracellular
structures without inflammation and damage to other cells in the vicinity. Some caspases
may initiate the process (caspase-8 and -9), and some are effector enzymes (caspase-3, -6,
and -7). The presence of long or short N-terminal pro-domains is an important feature of
caspases. Depending on their reaction in the apoptosome, long prodomain caspases initiate
caspase activation by cleaving short prodomain caspases, which are considered executioner
caspases. Caspases -1, -2, -4, -5, -8, -9, -10, -11, -12, and -13 contain long pro-domains,
whereas caspases -3, -6, -7, and -14 are characterized by short pro-domains [11].

Some caspases play an important role in the inflammatory process and are the key
mediators of the innate immune response in humans. Similar to pro-apoptotic caspases,
they are produced in an inactive form, and after an adequate stimulus is delivered via
proper receptors, they are activated, and the activated inflammation complex (the so-called
inflammasome) is formed [12].

2. Caspase-14

Caspase-14 is a unique member of the evolutionarily conserved family of cysteinyl
aspartate-specific proteinases. The human caspase-14 gene is located on chromosome
19p13.1 and consists of seven exons. The native caspase-14 protein, with a molecular
weight of 28 kDa, is not catalytically active [13]. Kallikrein-related peptidase-7 (KLK7)
generates an activation intermediate comprising 20- and 8-kDa subunits by cleavage after
Tyr178 of procaspase-14. This intermediate cleaves procaspase-14 at Aspl46, generating
mature and active caspase-14 [14].

It was suggested that caspase-14 was activated somewhere between the granular and
cornified layers. Both the active and inactive forms were found in the total epidermal
extract, whereas only the active form was present in the cornified layer [15]. Moreover,
caspase-14 activation takes place simultaneously with the formation of the stratum corneum
during embryonic development [16,17].

The identification of the substrates of caspase-14 has been a goal for researchers for
many years. It is already known that in the case of in vitro conditions, proteolytically
processed caspase-14 requires high concentrations of a kosmotropic salt (for example,
sodium citrate) to be active [18].

Different substrate preferences are presented by murine and human caspase-14 under
such conditions. The human one preferentially accommodates tryptophan or tyrosine in
the 54 subsite, while the murine one—equally beta-branched and aromatic amino acids [15].
[t is unknown whether those preferences demonstrated in vitro reflect the in vivo situation.
Currently, profilaggrin is the only defined natural substrate for caspase-14.

Caspase-14 is an extraordinary member of the caspase family. Other representatives
are present in numerous cells and tissues, while this one occurs only in several particular
locations. It was observed only in mammals, mostly in the cornifying epithelia, Hassall's
bodies of the thymus gland, and in the forestomach of rodents [19,20]. As regards the
epidermis, it is expressed in differentiating and cornifying layers and the hair follicles. Itis
absent in nail matrix keratinocytes, the noncornifying keratinocytes of sweat glands, and
the epithelium of the oral cavity [19,21].

3. Caspase-14 Regulation

The transcriptional regulation of the caspase-14 gene has not been fully elucidated.
Under laboratory conditions, caspase-14 is only expressed when keratinocytes are forced
to differentiate by being grown post-confluently in high cell-density culture, a forced sus-
pension culture, or by adding vitamin D3 [13,19,20,22]. Ca®* added at high concentrations
to the medium, a method often used to stimulate differentiation, did not stimulate caspase-
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14 expression [22]. Retinoids, at concentrations suppressing keratinocyte differentiation,
downregulated caspase-14 expression [16,20]. Conversely, caspase-14 expression may
be stimulated by polyphenols, e.g., epigallocatechin-3-gallate EGCG [23,24], especially
if delivered via PEGylated liposomes [25]. Delphinidin is an anthocyanin and a potent
antioxidant found in pigmented fruits and vegetables that may also stimulate epidermal
cell differentiation with caspase-14 expression upregulation [26].

Sphingalipids are intracellular signal mediators in cell differentiation, growth inhi-
bition, and apoptosis. High activity levels were particularly demonstrated in the case of
the sphingoid base backbones of sphingolipids (sphingosine, sphinganine, and phytosph-
ingosine) and their metabolites—N-acyl-sphingoid bases (ceramides). Firstly, ceramides
were confirmed to be the stimulators of the upregulation of caspase-14 [27]. Subsequently,
the mRNA of caspase-14 appeared to be stimulated by sphingoid bases and ceramides to
increase intracellular caspase-14 protein level involving the specific inhibitors of mitogen-
activated protein kinase, p38, and c-jun N-terminal protein kinase (JNK) [25].

The immune system interacts with numerous processes concerning cell biology. The
balance between Thl- and Th2-type reactions provides stability, and fluctuations may lead
to changes in the function of cells. It was shown that that the synthesis of caspase-14 was
decreased in cultured human keratinocytes in response to Th2-associated cytokines. The
addition of TL-4, IL-13, or both, resulted in a significant downregulation of caspase-14

protein production [29].
4. Caspase-14 and the Skin

Most caspases are expressed ubiquitously in all cells. Caspase-14 is an exception, as it
is expressed only in particular cells. It was observed only in mammals, mostly in the corni-
fying epithelia [20]. In the epidermis, it is expressed in the differentiating and comifying
layers and hair follicles. In regards to ultrastructural analysis, the distribution of caspase-14
in the epidermis and hair follicles is conserved among several mammalian species [30,31].
In the granular layer, caspase-14 is associated with the nucleus, the keratohyalin granules,
and the desmosomes, whereas in corneocytes, caspase-14 is present in the cytoplasm and
connected fo corneodesmosomes and nuclear remnants. Such results could suggest the role
s caspase-14 in nuclear degradation during cornification, but nuclear degradation appeared
unchanged in caspase-14-deficient mice [32].

Caspase-14 participates in skin barrier formation from the early embryonic stages. Its
expression was noted from the embryonic day 14.5 [15] or 15.5 [33] and its processing from
embryonic day 17.5 [33]. The cornified layer of the epidermis is also formed at those stages.

The main location in the epidermis suggests that caspase-14 could have a particular
role there.

Skin is the largest organ of the human body. It plays an enormous role in protecting
the body from dangerous external factors, e.g., chemical, physical injuries, UVB radiation,
microorganisms, and, importantly in terrestrial species, water loss. The upper layer of the
skin (epidermis) is the most important for this function, as it is the outer layer of the skin
that is continuously renewed.

The lowest layer of the epidermis is called the basal layer, and it consists of proliferating
keratinocytes. It is the layer where stem cells are located, enabling the cycle of continuous
production of new keratinocytes and the desquamation of old ones. (Figure 1) These cells
detach from the basement membrane and undergo mulfiple modifications leading to the
final differentiation to transform into corneocytes. The fransformation from the proliferating
keratinocytes into corneocytes is called comification. The process is well-organized and driven
by multiple factors, especially transcriptional modifications in gene expression. Conversely,
only a perfectly coordinated process leads to the final result, which is the development of
an effective barrier. The premature death of the epithelial cells could lead to dysfunctional
modifications in cellular structure or inflammation, thereby losing the primary role. Therefore,
keratinocytes seem to have developed efficient anti-apoptotic and anti-necrotic mechanisms.
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Figure 1. Epidermal desquamation process.

The spinous layer, granular layer, translucent layer, and cornified layer are located
above the basal layer. When the epidermal cells move to the upper layers, they change
their gene expression profile. They express keratins (K1 and K10) that are characteristic of
differentiating keratinocytes. Previously, in the basal layer, they express K5 and K14 ker-
atins, typical of proliferating keratinocytes. The process is performed due to transcriptional
factors such as p63 [36,37]. A gene cluster called the epidermal differentiation complex
(EDC) is another gene that starts to be expressed in the upper layers. It results in the
production of such proteins as involucrin and loricrin in the upper layers.

The spinous layer is where cells improve their cytoskeletal keratin filament network.
The interaction between adjacent cells occurs via desmosomes.

In the granular layer, the cells become more flattened and start to express particular
proteins such as loricrin and profilaggrin accumulated in the keratohyalin granules. These
granules are the reason for the name of the layer. Lipid production also takes place here.

A mechanically strong protective barrier is built due to several processes occurring
between the granular and comified layers.

The first step is the reorganization of cytoskeletal keratin filament into a strong net-
work. The process of filament aggregation is dependent on filaggrin function. Its precursors
are produced in the keratohyalin granules. Subsequently, they are dephosphorylated and
proteolyzed to gain the final function [38]. Caspase-14 seems to be the effective enzyme
for this proteolysis. After filaggrin completes its task, it undergoes further degradation
into free amino acids, which is also driven by caspase-14. It was suggested that caspase-14
might either cleave filaggrin fragments and expose cleavage sites that may be recognized
by other endo- and /or exopeptidases for further degradation, or it may be the activator of
other cleaving endo- and /or exopeptidases [39,40]. The correct degradation of filaggrin
into free amino acids was affected in caspase-14-deficient skin [30]. Loss-of-function mu-
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tations in the filaggrin gene (FLG) led to the development of dry skin disease, ichthyosis
vulgaris in humans, and a similar neonatal skin disease in mice [41].

The second step involves the production of a cornified envelope on the peripheries
of the cells. It is due to the proteins that are cross-linked by transglutaminases at the
inner surface of the cytoplasmatic membrane {mostly small proline-rich proteins—SPRRs,
and larger proteins like involucrin and loricrin). The transglutamination is performed by
transglutaminases specific for the cornifying structure: transglutaminases 1, 3, and 5 [42].

The two elements are surrounded by a water-repelling coat that consists of lipids and
natural moisturizing factors (NMFs). Caspase-14 seems to participate in the process of the
construction of the modified cytoskeleton covered with a comnified envelope and in the
formation of a lipid water-repelling coat. It cooperates in prosaposin processing together
with mesotrypsin. Prosaposin is a precursor of four sphingolipid activator proteins (a-D)
that are important in the lysosomal hydrolysis of sphingolipids. This process is essential for
forming the lipid cover around the cornified envelope, which translates into the provision
of the epidermal barrier [43].

The cells lose their organelles, such as the nucleus, and become flat and dead in the
process of the final formation of the cornified layer.

All the above-mentioned factors confribute to the strong mechanics of the skin barrier.
Corneocytes are eventually desquamated from the skin and replaced by newly formed
ones [44]. The enzymatic process of shedding is dependent on kallikreins—serine pro-
teases with tryptic or chymotryptic-like activity. Kallikreins 5 and 7 are involved and
cleave corneodesmosome structural proteins, such as corneodesmosin, desmocollin, and
desmoglein [45].

As described, the cornification process is quite a unique form of cell death. Seem-
ingly, caspase-14 plays an important role in this process. However, no differences in
the development of the skin barrier were seen in caspase-14-deficient mice. The skin of
caspase-14-deficient mice was shinier and had larger scales and deeper skin lines [46].
However, the cornified envelope remained unchanged, which suggests that other factors
might participate in the process.

5. Roles of Caspase-14

Processing profilaggrin, which is the precursor of filaggrin, is one of the well-defined
roles of caspase-14. After profilaggrin is properly processed into filaggrin and then into hy-
groscopic amino acids, it acts as one of the elements of natural moisturizing factors (NMF),
protecting the skin from water loss. It was shown that caspase-14 participated in both
processes: profilaggrin into filaggrin and filaggrin into free amino acid degradation [47].
Therefore, caspase-14 plays a role in maintaining the skin barrier and protecting it from
water loss. Filaggrin was detected in caspase-14-deficient mice, but it had a lower molecular
weight, and its fragments were improperly accsumulated in the cornified layer [32,39,46].
This function of caspase-14 may be blocked by the infection of the epidermal cells with
human papillomavirus 8 (HFVS) [45].

Water loss, UVB radiation, and other environmental stresses are dangerous for terres-
trial species. Caspases play a role in the protection against all of them. The development
of caspase-14-deficient mice revealed that the absence of caspase-14 caused sensitivity to
UVB-induced photodamage and the apoptosis of the skin. It could be due to the UVB-
filtering capacity of the stratum corneum that is reduced in caspase-14-deficient skin. It
was demonstrated with higher levels of cyclobutane pyrimidine dimers that were detected
presenting the molecular sign of UVB DNA damage [25].

The structure, role, and regulating factors of caspase-14 were described not only fol-
lowing in vitro research but also in vivo on human tissues. A caspase was suggested to
have a large role in protecting the body from outer stress factors and providing skin cell
production and destruction balance. Therefore, laboratory investigations were followed by
clinical research for its role in the pathophysiology of proliferative and inflammatory con-
ditions. Apparently, this protein plays an important role in the development of numerous
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neoplasms, skin diseases, and other health conditions. It was also considered as a target
molecule for potential innovative methods of treatment.

6. Caspase-14 and Cancer

The dysregulation of the expression of caspase-14 was described in neoplastic human
cells and in several cancer cell lines. (Table 1).

Table 1. Caspase-14 in diseases.

Disease

Result Author

Cancer of the vulva

The expression was decreased in the precancerous status and
squamous cell cancer;
The exposure to black raspberry extract induced caspase-14
expression.

[49]

Lung adenocarcinoma

The expression was increased;
The increased expression correlated with a poorer prognosis;
In vitro increased expression correlated with the resistance to
treatment with cisplatin.

[50]

Cervical cancer

Expression decreased;

The decreased expression correlated with more advanced staging. 51

Owarian cancer

Expression decreased;
The decreased expression correlated with advanced clinical stages [51]
and shorter overall survival rates in patients with serous cancers.

Colon cancer

Expression decreased. 151]

In localized gastric cancer, the expression was decreased in poorly
differentiated cancer;

Gastric cancer Patients with stage TANOMO tumors that contained higher levels of 51
caspase-14 had significantly longer overall survival.
Breast cancer Increased expression in ductal cancer—both in situ and infiltrating. [21]
Physiologically, no expression in the salivary gland; [52]
Salivary gland cancer Expression in 32% of tested salivary gland adenocarcinomas. o
In human salivary gland cancer cell line HSG was transfected with
caspase-14: cell growth and viability were inhibited, a significant (53]
reduction of tumorigenicity was observed together with a decrease in o
blood vessel formation.
Caspase-14 was expressed in 97% of malignant melanoma cells, but
Malignant melancena only in 70% of dermal nevi; [54]

Lower expression of caspase-14 correlated with better response to
treatment with chemotherapy and radiotherapy.

Retinal cells—pericytes (PCs), endothelial cells (ECs), astrocytes
{ACs), choroidal endothelial cells, and retinal pigment epithelium

Dabetic retinopathy (RPE) cells expressed caspase-14; 135,36]
Diabetic retinopathy was associated with the upregulation and /or
activation of caspase-14, particularly in the retinal vasculature.
Psoriasis Decreased only in lesions, but not in the healthy skin around. [20,57,58]

Atopic dermatitis

Significantly decreased in the inflammatory lesions compared to
nom-lesional skin; 1391
Its level correlated with disease severity.

Chronic hand eczema

Decreased in lesional and non-lesional skin. [&0]

An interesting introduction to the analysis of caspase-14 in neoplastic cells was pre-
sented in 2005 in research, including few neoplasm types and caspase-14 testing via the
immunochistochemical examination of tissues. The expression of caspase-14 was signifi-
cantly reduced in the tested material from the cervical, ovarian, and colon cancer specimens.

10
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The decrease in caspase-14 immunopositivity correlated with the histologic progression of
cervical cancer. Lower caspase-14 expression was associated with the advanced clinical
stage in ovarian cancer and with shorter overall survival among ovarian cancer patients
with serous tumors. Contrary to cervical, ovarian, and colon cancers, caspase-14 expression
was increased in ductal breast carcinoma in situ and invasive cancers compared to the
normal mammary epithelium.

As regards localized gastric cancers, caspase-14 immunostaining was significantly
lower in poorly differentiated tumors compared to well-differentiated ones. Lower caspase-
14 expression correlated with shorter overall survival in patients with TINOMO stage gastric
cancer [51]. Pilot research performed in 2005 was an introduction to further extensive
clinical observations performed by other researchers on numerous cancer samples derived
from a variety of tissues and organs.

Caspase-14 is not expressed in normal salivary glands. However, an aberrant ex-
pression was found in a subfraction of carcinomas (32%). Caspase-14 staining was not
associated with tumor dedifferentiation, GATA3 expression, or the amplification of gene
locus 19p13 [52]. Another research on salivary gland malignancies showed that the human
salivary gland cancer cell line (HSG) was transiently transfected with full-length human
caspase-14 cDNA. It revealed the inhibition of growth and viability. It also demonstrated
the reduced tumorigenicity, probably due to the reduced vascularization of the tumor. The
research was designed to estimate the possibilities of gene therapy with the caspase-14
gene [53].

Research on vulvar neoplasia revealed that the expression of caspase-14 was signifi-
cantly reduced in the precancerous status and in invasive squamous cell carcinoma of the
vulva. It was demonstrated that its expression was upregulated after exposure to black
raspberry extract [49].

Lung adenocarcinoma was the target cancer that was also analyzed in correlation with
caspase-14. Caspase-14 was identified as a protein interacting with apoptosis inducing fac-
tor (AIF). AIF is not only a protein inducing apoptosis but also an essential mitochondrial
flavoprotein. After exposure to genotoxic factors such as cisplatin, adriamycin, stau-
rosporine, capecitabine, or etoposide, it is directly transported from the mitochondrion to
the cell nucleus, where it starts the process of polymerase degradation, DNA fragmentation,
chromatin condensation, and the formation of the micronucleus, i.e., it triggers apoptosis.

It was shown that lung adenocarcinoma overexpressed caspase-14. Moreover, the
elevated levels correlated with poor prognosis for patients. Under in vitro conditions, the
overexpression of caspase-14 led to resistance to cisplatin treatment. It was suggested
that the inhibition of caspase-14 could reduce the resistance to chemotherapy via the AIF
pathway [50,61,62].

Oral cavity squamous carcinoma presented the reduced expression of caspase-14 in
47% of tested tumors and was not related to keratinization, tumor differentiation, or HPV
infection [63].

Skin cancer is a neoplasm that is highly linked to chronic UV exposure. In the murine
model, the expression of caspase-14 mRNA was reduced in squamous cell carcinoma
induced by UVB. The global gene expression profiles of normal murine epidermis and
UV-induced squamous cell carcinomas (SCCs) in mice showed an 8-fold lower expression
of caspase-14 in squamous cell carcinoma [17]. In the case of skin cancer, the transfection of
human epidermoid cancer cell lines (A431) with the caspase-14-expressing pCMV vector
led to the reduction of the growth and tumorigenicity of cells [64]. The overexpression of
caspase-14 significantly decreased cell proliferation, delayed tumor growth, and induced
the expression of three squamous differentiation markers in A431 cells, epidermal cancer
cell line model cells [65].

The above research was performed in epidermoid cell lines or murine models, but not
in skin cancer or human cells in vivo.

Melanoma is a malignancy arising from melanocytes. Therefore, it cannot be analyzed
as a planoepithelial malignancy. The expression of caspase-14 mRNA was confirmed in

11
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97% of melanoma cells. Moreover, its reduced level was related to sensitivity to treatment
with capecitabine, cisplatin, and radiotherapy [54].

7. Caspase-14 and Other Diseases

Research concerning the barrier functions was conducted, as caspase does not only
participate in coordinating balance between differentiation, cell growth, and death in the
skin, but it also seems to be a potent player in the protection from environmental factors.

It was demonstrated that retinal cells—pericytes (PCs), endothelial cells (ECs), as-
trocytes (ACs), choroidal endothelial cells, and retinal pigment epithelium (RPE) cells
expressed caspase-14. Diabetic retinopathy was associated with the upregulation and/or
activation of caspase-14, particularly in the retinal vasculature. High glucose-induced the
elevation of caspase-14 level in retinal vascular cells [55]. Other authors suggested that
caspase-14 contributed to RPE cell barrier disruption under hyperglycemic conditions and
might be important in the development of diabetic macular edema [56].

As shown with real-time reverse-transcription PCR, the expression level of caspase-
14 mRNA in the cholesteatoma epithelium was significantly higher than in the normal
external auditory canal epithelium. Caspase-14 protein was detected both in the normal
external auditory canal and cholesteatoma, but its expression was shown to be greater in
cholesteatoma on Western blot analysis [66].

8. Caspase-14 and Skin Diseases

Psoriasis is an inflammatory disease of a complex etiology. Histopathologically, it is
characterized by the uncontrolled proliferation of keratinocytes and impaired cornification.
It leads to the aberrant presence of cell organelles, especially the nucleus in the cornified
layer. It is called parakeratosis. It was demonstrated that caspase-14 was downregulated in
psoriatic lesions but not in the healthy skin around [18,57,65].

Although caspase-14 is absent in parakeratotic regions, it is probably not the cause of
the development of parakeratotic plaques, as caspase-14-deficient mice did not show spon-
taneous parakeratosis [39)]. Impaired cornification was suggested in caspase-14-deficient
mice, as incompletely comified cells were found in the transitional zone between the gran-
ular and the cornified layers (parakeratosis-like sign). Moreover, the exposure of the skin
of those mice to acetone or imiquimod (inducing psoriasis-like lesions) led to parakeratosis
more commonly than in the control group of mice [58].

Conversely, the topical treatment of psoriatic lesions with a vitamin D3 analog resulted
in the reduction of the psoriatic phenotype and a higher caspase-14 expression in the
parakeratotic lesions [20].

As caspase-14 plays an essential role in the epidermal skin barrier, it has to be involved
in the development of skin disease, with the most important symptom being epidermal skin
barrier dysfunction, i.e., atopic dermatitis. The expression level of caspase-14, similarly to
pyrrolidone carboxylic acids (PCA), which are natural moisturizing factors, is significantly
decreased in inflammatory lesions compared to non-lesional areas of the skin affected by
atopic dermatitis. Moreover, its level correlated with di severity d with the
index of the area affected and severity [59]. However, no effect of genetic variants of the
CASP14 was determined as regards the risk of xerosis or atopic dermatitis [67].

Eczema is another skin disease that affects the skin barrier. The expression of caspase-
14 is decreased in the lesional and non-lesional skin of patients with chronic hand eczema.
It was found to be correlated with increased pH value, decreased water content, increased
TEWL (transepidermal water loss), and the impaired integrity of the cornified layer of the
epidermis [60].

The hyperkeratosis of the skin is the main feature of callosity. Research conducted
on human epidermis samples revealed that the overexpression of caspase-14 along with
involucrin and filaggrin might play a role in the development of this dermatological
condition. Obviously, they are the markers of the cornification of the epidermis [68].

12



Int_ . Mal. 5ci. 2021, 22, 5575

9of 12

The placenta is an extraordinary organ that constitutes a tight connection between the
mother and the baby, at the same time providing a barrier between those two. It allows the
influx of beneficial factors, such as energy, immunoglobulins, hormones, and prevents the
harmful ones from entering, e.g., toxins or microorganisms.

The human placenta consists of the cytotrophoblast and syncytiotrophoblast. The latter
provides a barrier between the maternal and fetal tissues. The disruption in trophoblast
development and differentiation may lead to impaired fetal growth and eclampsia.

It was demonstrated in 2005 that caspase-14 was expressed in the human placenta.
The expression was higher in first-trimester placentas than in placentas at term [69].

Research on BeWo cell lines (the choriocarcinoma-derived cell used as a model of
trophoblast) showed that caspase-14 seemed to have an opposite function in that location
than in the human epidermis. The suppression of caspase-14 in those cells led to the
increased transcription of KLF4, hCG, and cytokeratin-18, which are increased during
normal trophoblast differentiation. It was suggested that caspase-14 had an effect on that
pathway of differentiation [70,71].

9. Summary

Control over death and life is the goal of medical science. On the one hand, we try to
discover the secret of long and healthy life and achieve it. On the other hand, we want to
gain control over neoplastic diseases with cells that have escaped processes leading to cell
death. Research concerning the molecular pathways of cell death is crucial in both cases.
Mumerous cells and tissues may be used as life-derived models of different processes in the
human body. Healthy liver cells are the model of tissue that may be regenerated after injury
in a well-controlled process. Neoplastic cells are the model of uncontrolled proliferation,
omitting the control points of the cell cycle and unlimited growth. The epidermal cells
are an extraordinary example of cells that have the ability to regenerate to a certain extent,
have a unique planned death program, i.e., cornification, and have effectively omitted
apoptosis so as not to lose the primary function.

Understanding each of the models brings researchers closer to understanding the life
and death cycle of cells and offers a potential chance for clinical applications.

Caspase-14 is an example of a protein that may play a crucial role in this process. It
belongs to the apoptotic family, being a non-apoptotic member. It plays an enormous role
in providing the environmental barrier for the body. Moreover, its expression was noted in
many diseases, and some attempts of using this knowledge have already been made. MNeo-
plasms seem to present different patterns of expression of caspase-14. In some neoplasms,
its level is increased, and in others, it is decreased. Therefore, we cannot conclude that
any of these tendencies might be generalized to all malignancies. However, knowledge
about the trends in particular cancers could be useful in estimating the prognosis and,
potentially, drug susceptibility as presented in the case of adenocarcinoma [50]. Conversely,
some malignancies, like salivary gland carcinoma, may be cases in which caspase-14 could
be the target molecule for treatment. It was presented that the exogenous expression of
caspase-14 reduced the tumorigenicity of the model cell lines of salivary gland carcinoma.
In such a case, more extensive in vivo research seems to be promising and of great interest.

As regards skin conditions, in which caspase-14 expression levels are usually de-
creased, performing more research appeared interesting for the authors, especially concern-
ing the potential possibilities of the stimulation of molecule upregulation as a potential
treatment option.

Even if caspase does not prove to be the ultimate anchor point for therapy—following
it may give us a better perspective of the homeostasis and balance in various tissues.

The authors consider this molecule as a protein that needs to be analyzed in many
more clinical, pathophysiological entities, not only in dermatology but in oncology as well.
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Abstract

Introduction: The skin is the largest organ in the human body and it is also a complex organ. Its protective function
is properly maintained due to its continuous renewal. Malignancies develop when the balance between proliferation
and cell death is dysregulated in skin cells. Skin epithelial cancers are the most common neoplasms in humans.
Although caspases are proteins which regulate the cell cycle and cell death, caspase 14 is a unique representative
of the caspase family which does not participate in apoptosis. The detailed role of caspase 14 in skin epithelial
malignancies has not been elucidated.

Material and methods: We performed a prospective study aimed at the analysis of the mRNA expression of
caspase 14 in groups of skin epithelial malignancies. We enrolled 56 patients (control group n = 21, study group
n = 35). The mRNA expression of caspase 14 was lower in the non-lesional skin of patients with basal cell cancer
or squamous cell cancer compared to a combined group of non-lesional samples from actinic keratosis patients
and the control group.

Results: The prognostic potential of caspase 14 mRNA is suggested when trying to identify patients predisposed
to skin cancer. Moreover, the expression level was lower in combined groups of non-lesional skin obtained from
patients with basal cell cancer (BCC)/squamous cell cancer (SCC) in comparison with lesional samples obtained
from patients with BCC/SCC.

Conclusions: We present primary results of a pilot study and define further goals for research continuation.

Key words: caspase 14, skin cancer, squamous cell cancer, basal cell cancer.

Introduction

The proper function of the skin involves the protec-
tion from pathogens and physical damage. The skin con-
sists of the superficial epidermis and the dermis which
is located deeper. The continuous renewal of skin cells is
attained in the process of cornification to maintain the
protective function of the skin. The division of the basal
layer of the epidermis is followed by cell migration to the
surface, their maturation and death, and the formation
of the stratum corneum which is the outermost epider-
mal layer [1]. The process of cornification is of special
interest, because it combines the phenomenon of ter-
minal differentiation and programmed cell death, and
plays a particular role in non-oncological and oncological

disorders [2]. Keratinocyte-derived non-melanoma skin
cancers, i.e., basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC) are the most common skin cancers
[3, 4]. Skin cancers are a group of the most common neo-
plasms in humans. However, the actual incidence of epi-
thelial skin cancer is difficult to estimate, as it is rarely
included in cancer registries and, sometimes, both pa-
thologies are registered together. The incidence of both
cancers has been growing over the past decades [5, 6].
Basal cell cancer is the most common skin cancer with
a low metastatic potential. Chronic sun exposure is the
major risk factor for BCC development making the head
and neck region the most common locations of BCC.
Therefore, numerous patients who developed BCC are
subsequently diagnosed with other malignant lesions.
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The incidence of BCC differs between countries and var-
ies between 44.6/100 000 cases in Spain and 407/100
000 in the USA [7]. Men are more prone to develop BCC,
but recently an increase in the number of cases in wom-
en has been noted in the younger population [8]. The
risk of subsequent BCC is about 17-fold higher than in
the general populaticn, 3-fold higher for 5CC and 2-fold
higher for melanoma [, 10]. 5CC is the second skin can-
cer with the incidence being estimated at about 341/100
000 in men and 209/100 000 in women in Australia, and
497/100 000 in men and 296/100 000 in women in the
USA [11]. The risk factors for SCC development include
older age, male gender, cumulative UV exposure dose,
low skin phototype, living in equatorial zones, chronic
use of immunosuppressive drugs and some skin lesions.

Actinic keratosis (AK) is a precancerous lesion which
predisposes to SCC development. The incidence of AK var-
ies between geographical locations and the age of patients.
The natural history of AK is divergent and involves remis-
sion (25%) [12, 13], stabilization, or progression to invasive
skin cancer. The risk of progression from AK to SCC reaches
1-10M [2, 14]. However, it is largely unknown which lesions
progress to SCC. It was suggested that some clinical fea-
tures such as infiltration, inflammation, diameter over 1cm,
fast-growing lesion, bleeding, erythema, presence of ulcer-
ation within the lesions might be the markers of transfor-
mation [15].

Despite significant advances in molecular pathobiol-
ogy and the era of personalized therapy in many cancers,
the approved targeted therapy in skin cancer is still limited.
Caspases constitute a large family of new molecular mark-
ers, which may be used in the diagnosis and treatment of
cancer. They are enzymes that participate in the apoptosis,
inflammation and terminal differentiations of cells [16-19].
However, the location and function of caspase 14 is differ-
ent, because it does not participate in apoptosis. It is ex-
pressed only in mammals, mostly in the comifying epithe-
lia, Hassall's bodies of the thymus and the forestomach of
rodents [20] According to the literature, caspase 14 plays
an important role in processes leading to the formation of
the epidermal barrier in the skin where it acts as an effec-
tor enzyme in processing profilaggrin and filaggrin. Conse-
quently, it participates in the reorganization of cytoskeletal
keratin filaments, which leads to the formation of the cor-
nified envelope, and enables the production of substances
called natural moisturizing factors (MMFs) that protect the
skin from water loss [21, 22]. The role of caspase 14 in skin
cancers has not been elucidated and the published data are
limited [23]. The results of studies conducted on other can-
cer models are also inconclusive.

Aim

Therefore, we carried out a study to evaluate the po-
tential role of caspase 14 in skin cancer and its precancer-
ous lesions.
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Material and methods

The study was approved by the Bioethics Commit-
tee of the University of Warmia and Mazury, Olsztyn.
The study population comprised samples obtained from
56 patients who were admitted to the Department of
Dermatology, Sexually Transmitted Diseases and Clinical
Immunolegy in Olsztyn between January 2017 and March
2019. Informed consent for the procedure and the use
of the biological material in research was obtained from
all the participants. The samples were collected from pa-
tients with clinically suspected epithelial malignancies.
Three samples were collected from each patient — one
from the healthy skin on the dorsal surface of the hand
(healthy samples) and two samples from the suspected
skin lesions, one of which was subjected to pathomar-
phological examination. The diagnosis of malignancy
was confirmed by an experienced pathomorphologist be-
fore further analysis. The control samples were collected
from the healthy skin of the dorsal surface of the hand
of patients without symptoms or a history of any epi-
thelial malignancies. UvV-exposed areas constituted the
lzcation from which samples were collected. Skin cancers
are mostly located on sun-exposed areas and the goal
was to obtain a comparable sample.

The biopsy procedure was conducted with the use of
2% lignocaine anaesthesia and a biopsy punch of 4 mm.
The wounds were sutured afterwards. The samples were
stored at —80°C for further analysis. The sample which
was used for histopathological examination (routine H&E
staining) was stored in buffered formalin.

The patients were divided into groups based on the
outcome of the histological examination: SCC, BCC and AR
The 5CC group consisted of 5 patients (2 men and 3 women,
aged 69-87, mean: 77). We obtained reliable results from
the lesional skin of all the patients and reliable results
from the non-lesional skin of 3 of those patients. The BCC
group consisted of 10 patients (6 men and 4 women aged
between 48 and 84, meaan: 73.8). We obtained reliable re-
sults from the lesional skin of all the patients and reliable
results from the non-lesional skin of 7 of those patients. The
AK group consisted of 20 patients (13 men and 7 women
aged between 47 and 93, mean: 74.7). We cbtained reli-
able results from both the lesional and non-lesional skin of
12 patients, and only lesional skin of & patients and only non-
lesional skin of 2 patients. The control group consisted of
21 patients aged between 47 and B8. Their mean age was
70.5 years old. The group induded 14 women and 7 men. The
cdlinical diagnosis was consistent with the histopathological
onein all the cases.

The loss of samples was due to damage during trans-
portation and processing.

Skin samples were taken from the storage in tubes
kept at —80°C and homogenized using a ceramic mor-
tar in liguid nitrogen to the form of fine tissue powder.
Subsequently, the samples were moved into a 1.5 ml Ep-
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pendorf tube with 400 ul of phenozol. They were stored
for 30 min, vertexed for 1 min, and centrifuged. Accord-
ing to the manufacturer's protocol, total mRNA was
isolated from the samples with the Total RNA Mini Plus
kit (ARA Biotechnology, Gdynia, Poland, #036-100). The
guantification of RMA was performed using the Manodrop
system (Hampton) and its quality was assessed by the
visualization of 285 and 185 rRNA bands after electropho-
resis through 1.5% agarose gel and red staining (41,003;
Biotium, Hayward, CA, USA). The same amount {1000 ng)
of mRMNA from each sample was reverse transcribed us-
ing the Maxima First Strand cONA Synthesis Kit (Thermo
Fisher, Waltham, MA, USA, #K1641). Reverse transcription
was performed according to the manufacturer's protocal.
cDOMA was frozen at —20°C until further analysis. All the
reactions for target and reference genes were performed
in duplicate on 384-well plates (MicroAmp™ Optical 384-
Well Reaction Plate with Barcode, #4309849) and run in
the ABI Prism 7900 sequence detection system (Applied
Biosystems, Life Technologies, Foster City, CA, USA) with
Maxima SYBR Green/ROX gPCR Master Mix (2X) (Thermo
Scientific, Waltham, MA, USA, #K0222). Sample prepa-
ration was performed according to the manufacturer's
protecel with the use of 15 ng cOMA per well in a total
of 10 pl of the reaction mix. The housekeeping gene was
selected according to the literature. Relative mRMA data
were quantified using the quantitative PCR miner algo-
rithm. Briefly, the average of the cydic threshold (Cg) and
the primer efficiency level (E) for each sample were relat-
ed using the following eguation: [1/(1pE)Cg]. Afterwards,
the expression levels of the target genes were normal-
ized against the reference gene.

Institutional Review Board Statement: The study was
conducted in accordance with the Declaration of Helsinki,
and approved by the Ethics Committee of the University
of Warmia and Mazury {(approved on 19.02.2017).

Results

The samples were collected from 56 patients in-
cluding 21 control group subjects without skin lesions
or a history of skin cancer. The number of samples was
guite low and the numbers varied in different groups.
Therefore, they could not have been analysed with para-
metric tests (the criterion of normal distribution of vari-

Table 1. mRMNA expression of caspase 14 in the healthy skin

ables was not fulfilled). As a result, nonparametric tests
were used.

The calculations were performed with Statistica PL
v.13.1 using the modules: descriptive statistics and non-
parametric statistics. The following tests for independent
samples were used: the Median test, the Kruskal-Wallis
test, the Kelmogorov-Smirnov test, and the U-Mann-
Whitney test. The tests used for dependent samples were
the sign test and the Wilcoxon pairwise order test, and
Spearman’s rank correlation coefficient.

The mRNA expression of caspase 14/GAPDH in the
healthy skin is presented in Table 1.

Mo correlation between the expression and the pa-
tients” age or sex was observed in any of the groups.

The expression level of caspase 14 was similar in the
control group and actinic keratosis group. It was much
higher than in squamous cell carcinoma healthy skin
samples and basal cell carcinoma healthy skin samples
(Figure 1).
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Figure 1. mRMA expression of caspase 14 in healthy skin
samples

Diagnosis Mumber of samples Result Mean  Median Standard deviation Standard error
Control group il 0.13-2.65 118 0.75 0.86 019
Sgquamous cell carcinoma = 3 0.12-0067 044 0.52 023 0.16
non-kesional

Basal cell carcinoma - non-lesional 7 0.04-115 0.35 0.29 035 0.22
Actinic keratosis - non-lesional 14 0.16-3.59 125 09 100 0.27
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Figure 2. The mEMNA expression of caspase 14 in the com-
bined groups of healthy skin samples — the control group
with actinic keratosis non-lesional samples, and non-le-
sional samples from BCC and SCC patients

As regards calculations for healthy skin samples in
differant groups, statistically significant differences were
observed between the compared groups for the Median
test with p = 0.043 and for the Knuskal-Wallis test with
p=0.073.

As the results were similar for the control group and
actinic keratosis patients from non-lesional samples,
they were analysed together and compared to SCC non-
lesional samples together with BCC non-lesicnal sam-
ples.

Clinically, group selection may be considered justified
because the groups included patients with invasive skin
cancer (BCOC/SCC) and without invasive skin cancer [AKS
healthy). The Kolmogorov-Smirnov test with p = 0.025
and the U-Mann-Whitney test with p = 0.003 showed
statistically significant differences (Figure 2).

As regards lesional skin samples, the expression of
caspase 14/GAPDH is presented in Table 2.

As presented in Figure 3, caspase 14 levels are compa-
rable in the range of standard deviation in control group
samples and in the lesional samples. Mo significant cor-

Table 2. Expression of caspase 14 in the lesional samples

Group
oMean [OMean + statistical error T Mean = standard deviation

Figure 3. The mRNA expression of caspase 14 in the le-
sional samples

relation was cbserved between the expression, sex and
age in any group of lesional samples. In accordance with
the accepted classification, the correlation of expression
was high in 5CC and SCC non-lesional samples, and BCC
and BCC non-lesional samples.

A statistically significant correlation was noted be-
tween non-lesional and lesional samples in basal cell
cancer (correlation coefficient of Pearson r= 0.82 with
7 samples, with the confidence level of a = 0.02).

As regards the actinic keratosis group, a statistically
significant cormelation was cbserved between non-lesion-
al and lesional samples (correlation coefficient of Pear-
son r = 0.55 with 12 samples, and the confidence level of
a = 0.05). Although a high correlation was cbserved, no
statistically significant differences were noted for lesional
and non-lesional groups.

Due to the fact that no significant differences oc-
curred between 5CC lesional and BCC lesional samples,
and 5CC non-lesional and BCC non-lesional samples
(homogenecus groups), and the values of rank correla-
tion coefficient were similar and of the same mark we
decided to analyse them in combination. As regards the
combined group of SCC and BCC (15 samples), mRNA

Diagnosis Number of samples  Result  Mean  Median  Standard deviation Standard error
Squamous cell carcinoma = lesional 5 013-3.72 136 0.79 133 0.&

Basal cell carcinoma — lesional 10 0.03-1.9 0.65 0.61 0.54 047
Actinic keratosis - lesional 18 005225 0.9 0.1 062 0.15
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caspase 14 expression levels ranged from 0.03 to 3.72,
with the mean of 0.89, median of 0.72, standard devia-
tion of 0.95, and statistical error of 0.25. As regards the
combined group of SCC non and BCC (10 samples), mRNA
caspase 14 expression levels ranged from 0.05 to 115,
with the mean of 0.38, median of 0.31, standard devia-
tion of 0.31, and statistical error of 0.10. The levels were
lower in healthy skin samples and the difference was ap-
prax. 2 standard errors.

Statistically significant differences were observed
between SCC/BCC vs. 5CC non/BCC non groups with
p = 0.027 for the sign test, and p = 0.022 for the Wil-
Caxon pairwise order test.

As regards combined groups, a statistically significant
correlation was observed between the levels of mRNA
expression of caspase 14 for lesional and non-lesional
samples (correlation coefficient of Pearson r = 0.55 for
10 samples and confidence level of a = 0.01) — Figure 4.
Mo statistically significant correlation was observed for
gender or age in the combined groups.

Discussion

According to epidemiological data, BCC and SCC are
the most common skin cancers with an observable in-
crease in the incidence. The clinical course of BCC and
SCC is different. Contrary to BCC, SCC grows faster and
develops distant metastases more frequently, leading
to patient death. The palliative systemic treatment op-
tions for patients with metastatic BCC or SCC are lim-
ited and are mainly based on classic chemaotherapeutics.
Currently, vismodegib, a Hedgehog pathway inhibitar, is
registered for patients with metastatic, locally advanced
BCC which is not suitable for surgery or radictherapy. As
regards S5CC, some clinical trials are ongoing to evalu-
ate the role of immunaotherapy or anti-EGFR therapy. The
development of molecular science led to significant dis-
coveries. It provides better understanding of processes
which control cancer growth and development. How-
ever, new discoveries are needed to improve diagnostic
and therapeutic options for skin cancers. Caspases are
a group including many proteins involved in the process
of cancerogenesis. Despite the special role of caspase
14 in the skin as an external protector, there is paucity
of clinical data in skin cancers, contrary to other solid
tumours. A preclinical study by Hsu et al. showed that
the transfection of caspase 14 expressing vector to epi-
dermoid cancer cell line A431 reduced the growth and
tumarigenicity of the cell line. The level of expression
in other solid tumours may be decreased (cervical and
colon cancer) or increased (lung adenocarcinoma) [23].

We performed the prospective pivotal study to evalu-
ate the potential role of caspase 14 in skin cancer and
its precancerous lesions. We enrolled 56 patients to the
study.

Advances in Dermatology and Allergology 2, April/2023
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Figure 4. The mRMNA expression of caspase 14 in combined
groups of lesional samples of BCC and 5CC, and the non-
lesional samples

mRMA caspase 14 was studied in lesional and nan-
lesional AK, BCC, 5CC and control samples. The statistical
analysis of collected data revealed clinically interesting
results. Patients with the diagnosis of basal cell cancer
and patients with squamous cell cancer were character-
ized by lower levels of the mRMA expression of caspase 14
in the healthy skin. Caspase 14 is known for its role in
regulating the process of cornification, and protecting
the skin from UV damage and water loss. The dysfunc-
tions of caspase 14 activity may lead to the development
of skin cancer. Potentially, the stimulation of caspase 14
might result in protecting patients from skin cancer. Ex-
ogenous stimulators of caspase 14, such as polyphenaols,
e.g., epigallocatechin-3-gallate EGCG, ceramides and
delphinidin, were shown to upregulate caspase 14 levels
and could be further researched for clinical application
[24-27].

Furthermare, the data showed that the mRMA expres-
sion of caspase 14 was significantly lower in the healthy
skin than in the lesional skin of patients with the diagno-
sis of squamous cell cancer or basal cell cancer.

In conclusion, the results suggest that patients with
skin cancer are characterized by lower levels of the mRNA
expression of caspase 14 in the healthy skin. However,
when they develop skin cancer, this level is upregulat-
ed in skin lesions. The collected data did not allow the
comparison of those values with the control group so
it should be evaluated at subsequent study stages.
It would be of crucial value to assess if those upregulated
levels were higher or lower than in the healthy skin of the
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control group. Some issues still need to be analysed, eg,
whether upregulation is a way of trying to control the
initiated malignant process by the compensative stimu-
lation of protective molecules, or if cancer develops be-
cause the upregulation is insufficient. More data need to
be collected to assess this issue and to be able to obtain
statistically significant results.

The fact that patients with skin cancer are character-
ized by a lower mRMA expression of caspase 14 is easy
to understand, knowing the potent role of the molecule
in protecting cells from UV damage.

Itis an element of cell physiology. The pathophysi-
ological aspect and the role of caspase 14 in cells already
affected by cancer is yet another issue.

Our study is the first one to describe the potential
role of caspase 14 in human skin cancers. The results of
our study show directions for future research. A relatively
small study group which was not well-balanced consti-
tutes a limitation of our study. It is to be continued to
confirm the primary results and investigate the subject
further. Moreover, the role of caspase in skin malignan-
cies should be confirmed and compared at the protein
level. Currently, we are assessing other molecules con-
nected with cell death to compare them to caspase 14
[caspase 3, caspase 7, caspase 9, JAK-2, STAT-3). It could
help us elucidate the role of caspase 14 in cancer-affect-
ed skin cells.
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Kazdy pacjent wiaczony do badania podpisat swiadomg zgode¢ na udziat w nim.
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STRESZCZENIE

Skoéra jest najwiekszym 1 bardzo zlozonym organem ludzkiego ciala. Swoja
funkcje petni prawidtlowo dzigki temu, ze jest w sposdb ciggly odbudowywana.
Zachwianie rownowagi miedzy procesem $mierci komorek (w procesie rogowacenia
1 ztuszczania) a ciaggly proliferacja prowadzi do powstawania nowotworéw skory. Raki
skory to najczesciej wystepujace u cztowieka nowotwory. Wyjatkowa lokalizacja skory
ijej dostepnos¢ dla lekarza i badacza powoduja, ze wydaje si¢ ona by¢ doskonalym
modelem do badania mechanizmoéw kancerogenezy. Mozna przypuszczaé, ze niektore
wnioski ptyngca z badan przeprowadzanych na skérze moga by¢ ekstrapolowane na
nowotwory w innych lokalizacjach o pochodzeniu ptaskonabtonkowym. Poszukiwanie
czynnikow, ktore pelnig role regulatorowa i gwarantuja rownowage procesOw Smierci
komorek i ich proliferacji, jest wazne w celu poznania mechanizmu powstawania
nowotworow oraz potencjalnie w znalezieniu mozliwosci jego kontrolowania,
hamowania.

Kaspaza-14 to wyjatkowy cztonek rodziny kaspaz — czasteczek bioragcych udziat
w regulacji procesu apoptozy. Jednakze, wyjatkowo, nie bierze ona udzialu w tymze
procesie. Badania wskazuja, ze reguluje ona inny rodzaj zaprogramowanej $mierci
komorki charakterystyczny dla naskorka — rogowacenie.

W pisSmiennictwie dostgpne sa publikacje dotyczace biotechnologicznych
aspektow kaspazy-14 — regulacji jej ekspresji, transkrypcji, translacji, obrobki
postranslacyjnej oraz funkcji w fizjologii 1 patofizjologii komorki. Istniejg rowniez liczne,
cho¢ czesto przeprowadzone na matych probach badawczych, badania dotyczace roli
kaspazy-14 w r6znych nowotworach oraz chorobach, w tym réwniez chorobach skory.
Brak jednak danych dotyczacych kaspazy-14 1 jej zwiazkOw z nowotworami
niemelanocytranymi skory.

Praca badawcza, na ktoérej opiera si¢ rozprawa doktorska, polegata na dwdch
etapach. Najpierw dokonano przegladu dostgpnego na maj 2021 roku pisSmiennictwa ze
szczegolnym uwzglednieniem aspektow klinicznych i roli kaspazy-14 w etiopatogenezie
chorob cztowieka. Wyniki tej czesci pracy zamieszczono w publikacji: Markiewicz A,
Sigorski D, Markiewicz M, Owczarczyk-Saczonek A, Placek W. Caspase-14-From
Biomolecular Basics to Clinical Approach. A Review of Available Data.

Drugim etapem pracy byto badanie potencjalnej roli kaspazy-14 w nowotworach

skory. Badaniem objeto 56 pacjentow Kliniki Dermatologii, Choréb Przenoszonych
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Droga Pilciowa i Immunologii Klinicznej w Olsztynie (grupa kontrolna stanowita
21 pacjentéow, grupa badana — 35). Grupg badang stanowili pacjenci z rakiem
podstawnokomoérkowym, kolczystokomorkowym lub rogowaceniem stonecznym.
Badano ekspresje¢ mRNA kaspazy-14 w wycinkach skory pobranych ze zmian
nowotworowych oraz ze skory zdrowej. Wyniki wykonanych pomiarow pokazuja,
ze kaspaza-14 moze by¢ czynnikiem wplywajacym na powstawanie rakow skory.
Ekspresja kaspazy-14 byta nizsza w zdrowe] skérze w polaczonej grupie rakow
inwazyjnych-kolczystokomorkowych 1 podstawnokomorkowych niz w zdrowej skorze
pacjentow z grupy rogowacenia stonecznego i grupy kontrolnej. Ponadto ekspresja byta
nizsza w grupie inwazyjnych rakow skoéry w skoérze zdrowej niz zmienionej chorobowo.
Niniejsze badanie dotyczy dotychczas nieopisywanego zwigzku kaspazy-14 z rakami
skory. Wskazane jest rozszerzenie w przysztosci projektu o badanie na poziomie ekspresji
biatek oraz powickszenie grupy badanej tak, aby wyciagnac jeszcze wigcej wnioskow
mogacych postuzy¢ do lepszego poznania biologii tych nowotwordéw. Wyniki tej czeséci
pracy zamieszczono w publikacji: Markiewicz A, Sigorski D, Markiewicz M, Placek W,
Owczarczyk-Saczonek A. mRNA expression of caspase-14 in skin epithelial
malignancies. Advances in Dermatology and Allergology/Postepy Dermatologii

1 Alergologii. 2023;40(2):315-320.
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SUMMARY

Skin is the biggest and very complex organ of human body. Its protective function
is properly maintained due to its continuous renewal. Malignancies develop when the
balance between proliferation and cell death is dysregulated in skin cells. Skin cancers
are the most common neoplasms in humans. Its localisation and availability for the
clinician and researcher make it a perfect model for exploring the carcinogenesis
mechanisms. It seems that some of the results from the research done in the skin samples
could be extrapolated to planoepithelial cancers of other localisation.

The search for factors that play a regulatory role and guarantee the balance of cell
death and proliferation processes seems to be important in order to understand the process
of carcinogenesis and potentially find ways to control and inhibit it.

Caspase-14 is a unique member of the family of caspases — molecules involved
in the regulation of the apoptosis process. However, exceptionally, she does not take part
in this process. Studies indicate that it regulates another type of programmed cell death
characteristic of the epidermis — keratinisation.

In the literature there are publications on the biotechnological aspects of caspase-
14-th, regulation, transcription, translation, post-translational modifications and functions
in the physiology and pathophysiology of the cell. There are also numerous, though often
conducted in small research samples, data on the role of caspase-14 in various cancers
and diseases, including skin diseases. However, there is no data on caspase-14 and its
association with non-melanocytic skin cancers.

The research work on which the doctoral dissertation is based consisted of two
stages. First, the literature available as of May 2021 was reviewed, with particular
emphasis on clinical aspects and the role of caspase-14 in the etiopathogenesis of human
diseases. The results were presented in Markiewicz A, et al.(2021) Caspase-14-From
Biomolecular Basics to Clinical Approach. A Review of Available Data.

The second stage of the work was to investigate the potential role of caspase-
14 in skin cancer. The results were presented in Markiewicz A,et al.(2023) "mRNA
expression of caspase 14 in skin epithelial malignancies".

The study included 56 patients of the Department of Dermatology, Sexually
Transmitted Diseases and Clinical Immunology in Olsztyn (21 patients in the control
group, 35 in the study group). The study group consisted of patients with basal cell

carcinoma, squamous cell carcinoma or actinic keratosis. The expression of caspase-
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14 mRNA in skin samples taken from neoplastic lesions and from healthy skin was
studied. The results of the measurements show that caspase-14 may be a factor
influencing the formation of skin cancers.

Caspase-14 expression was lower in healthy skin in a combined group of invasive
squamous cell and basal cell carcinomas than in healthy skin of actinic keratosis patients
and controls. In addition, the expression was lower in the group of invasive skin cancers
in healthy skin than in diseased skin. The present study investigates an undescribed link
between caspase-14 and skin cancers. It is advisable to extend the research in the future
with a study at the protein level and to enlarge the study group so as to draw even more

conclusions that could be used to better understand the biology of these tumors.
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CELE PRACY

Celem niniejszej pracy jest:
1. Analiza ekspresji kaspazy-14 w skorze zdrowej i chorej w poszukiwaniu indykatora
nowotworow skory.
2. Analiza ekspresji mRNA kaspazy-14 w skorze zdrowej pacjentow zdrowych oraz
w skorze zdrowej i chorej u pacjentow z rakami skory i/lub rogowaceniem stonecznym.
3. Analiza réznic ekspresji kaspazy-14 w rakach skory i rogowaceniu stonecznym jako

stanie przedrakowym.
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WPROWADZENIE

Roéwnowaga migdzy $miercia komorek a wzrostem w tkankach odgrywa
kluczowa role w dobrostanie organizmow. Procesy te s3a regulowane przez okre§lone
biatka, z ktorych wiele byto do tej pory przedmiotem zainteresowania licznych projektow
naukowych. Przeprowadzono wiele badan, zwtaszcza nad mozliwymi sposobami $mierci
komorki, w tym nekroptoza [1], piroptoza [2], autofagia, katastrofg mitotyczng i najlepie;j
poznang — apoptoza [3]. Konsekwencje kliniczne dysfunkcji poszczegélnych biatek
W tych procesach sg bardzo wazne dla zdrowia cztowieka. Kaspazy stanowig jedna z grup
biatek bioracych udziat w homeostazie [4].

Kaspazy to biatka, ktore odgrywaja wazng role w zlozonej kaskadzie reakcji
prowadzacych do apoptozy komorki, zapoczatkowania stanu zapalnego czy koncowego
réznicowania komorek [5, 6, 7]. Przynalezno$¢ do rodziny biatek kaspazy jest okreslona
przez homologi¢ sekwencji Ced-3 waznego bialka efektorowego w programowanej
$mierci komorki w Caenorhabditis elegans [8].

Kaspaza-14 jest wyjatkowym czlonkiem konserwatywnej ewolucyjnie rodziny
proteinaz specyficznych dla asparaginianu cysteinylu. Ludzki gen kaspazy-14 znajduje
si¢ na chromosomie 19p13.1 i sktada si¢ z siedmiu eksondéw. Natywne biatko kaspazy-14
o masie czasteczkowej 28 kDa nie jest aktywne katalitycznie [9]. Peptydaza-7 zwigzana
z kalikreing (KLK7) generuje metabolit posredni zawierajacy podjednostki 20- 1 8-kDa
przez rozszczepienie po Tyrl78 prokaspazy-14. Ten zwigzek posredni rozszczepia
prokaspaze-14 w Asp146, tworzac dojrzata 1 aktywna kaspaze-14 [10].

Sugerowano, ze kaspaza-14 w skorze jest aktywowana pomiedzy warstwa
ziarnista 1 zrogowaciala naskorka. W catkowitym ekstrakcie naskorka stwierdzono
zaréwno forme aktywna, jak 1 nieaktywng, natomiast w warstwie zrogowaciatej — tylko
posta¢ aktywna [11]. Co wigcej, aktywacja kaspazy-14 zachodzi rownocze$nie
z tworzeniem si¢ warstwy rogowej naskorka podczas rozwoju embrionalnego [12, 13].

Wiekszo$¢ kaspaz wystepuje jednolicie we wszystkich komorkach. Wyjatkiem
jest kaspaza-14, ktora ulega ekspresji tylko w okreslonych komorkach. Obserwowano ja
tylko u ssakow, gtownie w nablonku rogowaciejacym [14]. W naskorku stwierdza si¢ ja
w warstwach réznicujacych si¢ i rogowaciejacych oraz w mieszkach wtosowych [15, 16].
W warstwie ziarnistej kaspaza-14 jest zwigzana z jadrem, ziarnistosciami keratohialiny

1 desmosomami, podczas gdy w korneocytach kaspaza-14 jest obecna w cytoplazmie
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1jest polaczona z korneodesmosomami oraz pozostatosciami jadrowymi. Takie wyniki
moga sugerowacé role kaspazy-14 w degradacji jadrowej podczas rogowacenia, ale
degradacja jadrowa wydawata si¢ niezmieniona u myszy z niedoborem kaspazy-14 [17].

Kaspaza-14 uczestniczy w tworzeniu bariery skornej od wczesnych stadiow
embrionalnych. Jej ekspresje notowano od dnia embrionalnego 14,5 [11] lub 15,5 [18].
W tych stadiach rozwoju zarodkowego tworzy si¢ réwniez zrogowaciala warstwa
naskorka.

Gtowna lokalizacja w naskérku sugeruje, ze kaspaza-14 moze odgrywac tam
szczegoblng role.

Skora jest najwigkszym organem ludzkiego ciata. Petni niezwykle wazng funkcje
w ochronie organizmu przed zagrazajacymi czynnikami zewngtrznymi, np. urazami
chemicznymi, fizycznymi, promieniowaniem UVB, mikroorganizmami oraz, co wazne
u gatunkéw ladowych, utrata wody. Najwazniejsza dla tej funkcji jest gorna warstwa
skory (naskorek). Jest to struktura o ztozonej warstwowej budowie. Najnizsza warstwa
naskdrka nazywana jest warstwa podstawng 1 sktada si¢ z proliferujacych keratynocytow.
Jest to warstwa, w ktorej znajduja si¢ komorki macierzyste, umozliwiajace cykl ciaglej
produkcji nowych keratynocytéw i ztuszczanie starych (ryc. 1). Komorki te odaczaja si¢
od blony podstawnej i przechodza wiele modyfikacji prowadzacych do ostatecznego
réznicowania 1 przeksztalcenia si¢ w korneocyty. Transformacja proliferujacych
keratynocytow w korneocyty nazywana jest rogowaceniem. Proces ten jest dobrze
zorganizowany 1 napedzany wieloma czynnikami. Tylko doskonale skoordynowany
proces prowadzi do koncowego rezultatu, jakim jest stworzenie skutecznej bariery
naskorkowej. Przedwczesna $mier¢ komorek nabtonka moze prowadzi¢ do
dysfunkcyjnych modyfikacji struktury komorkowej lub stanu zapalnego, a tym samym
do utraty pierwotnej roli. Dlatego wydaje si¢, ze keratynocyty rozwingty skuteczne
mechanizmy przeciwapoptotyczne 1 przeciwnekrotyczne. Przypuszcza sig, ze kluczowa
role¢ w tym procesie odgrywa NF-kB — czynnik transkrypcyjny nadajacy opornos¢ na
apoptoze [19, 20]. Warstwa kolczysta, warstwa ziarnista, warstwa polprzezroczysta
1 warstwa zrogowaciata znajdujg si¢ powyzej warstwy podstawnej. Kiedy komorki
naskorka przemieszczajg si¢ do gornych warstw, zmieniajg swoj profil ekspresji genow.
Wytwarzajg keratyny (K1 1 K10), ktére sg charakterystyczne dla rdéznicujacych sie
keratynocytow. Wczesniej w warstwie podstawne] wytwarzaja keratyny K5 i K14 —
typowe dla proliferujacych keratynocytéw. Proces ten zachodzi dzigki czynnikom

transkrypcyjnym, takim jak p63 [21, 22]. Klaster genéw zwany kompleksem
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réznicowania naskorka (EDC) to kolejny gen, ktory zaczyna ulegaé ekspresji w goérnych
warstwach. Powoduje to wytwarzanie w goérnych warstwach takich bialek jak
inwolukryna i lorykryna. W warstwie kolczystej komorki poprawiajg swoja sie¢ witokien
keratynowych cytoszkieletu. Interakcja miedzy sasiednimi komorkami zachodzi za
posrednictwem desmosomoéw. W warstwie ziarnistej komorki stajg si¢ bardziej
splaszczone i zaczynaja produkowac okreslone bialka, takie jak lorykryna i profilagryna,
zgromadzone w ziarnisto$ciach keratohialiny. Te ziarnistosci sg powodem nazwy
warstwy. Odbywa si¢ tu rowniez produkcja lipidow.

Silna mechanicznie bariera ochronna jest budowana w wyniku proceséw

zachodzacych pomiedzy warstwa ziarnistg i1 zrogowaciala.

Epidermis Desmosomal protein distribution

r desquamation-kallikrein 5, 7
A

; ] formation of the cornified envelope by
comified layer protein cross-linking by transglutaminase
granular layer D U.. lipids are extruded from the cells
— %%0 disintegration of the cells organellas
L Lo x> Je s LW epidermal differentiation complex(EDC)
,_expression
[ ] [ ]
cytoskeleton
o ) ® modifications
. < K1, K10 expression,
spinous layer ] . " caspase-14 expression
|

constant cell proliferation

K5, K14 keratin expression

basal layer —

Rycina 1. Budowa naskérka

Zrédto: Markiewicz A, Sigorski D, Markiewicz M, Owczarczyk-Saczonek A, Placek W. Caspase-14-From
Biomolecular Basics to Clinical Approach. A Review of Available Data. Int J Mol Sci. 2021 May
25;22(11):5575. DOL: 10.3390/ijms22115575. PMID: 34070382; PMCID: PMC8197544.

Przetwarzanie profilagryny, ktora jest prekursorem filagryny, jest jedng z dobrze
zdefiniowanych r6l kaspazy-14. Profilagryna po odpowiednim przetworzeniu do
filagryny, a nastgpnie do higroskopijnych aminokwaséw, pelni role jednego ze
sktadnikow naturalnych czynnikéw nawilzajacych (NMF) chronigcych skore przed utratg

wody. Wykazano, Ze kaspaza-14 uczestniczyla w obu procesach: przetwarzania
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profilagryny do filagryny i degradacji filagryny do wolnych aminokwaséw [23]. Dlatego
kaspaza-14 odgrywa role w utrzymaniu bariery skornej i ochronie jej przed utratag wody.
Filagryne wykryto u myszy z niedoborem kaspazy-14, ale miala ona mniejszg masg
czasteczkowa, a jej fragmenty byly nieprawidlowo gromadzone w warstwie
zrogowaciatej [17, 24, 25]. Ta funkcja kaspazy-14 moze by¢ blokowana przez infekcje
komorek naskérka wirusem brodawczaka ludzkiego 8 (HPVS8) [26].

Utrata wody, promieniowanie UVB i inne stresy srodowiskowe sg niebezpieczne
dla gatunkow ladowych. Kaspazy odgrywaja role w ochronie przed wszystkimi z nich.
Rozwd¢j myszy z niedoborem kaspazy-14 ujawnit, ze brak kaspazy-14 powodowat
wrazliwos$¢ na fotouszkodzenia wywotane promieniowaniem UVB i apoptoze skory.
Moze to by¢ spowodowane zdolnoscig filtrowania UVB warstwy rogowej naskorka,
ktora jest zmniejszona w skoérze z niedoborem kaspazy-14. Wykazano to przez
stwierdzenie podwyzszonych poziomoéw dimerdéw cyklobutanu pirymidyny, co stanowi
molekularny znak uszkodzenia DNA UVB [27].

Budowe, role i czynniki regulujace kaspazy-14 opisano nie tylko w badaniach
in vitro, ale takze in vivo na tkankach ludzkich. Zasugerowano, ze kaspaza odgrywa duza
role w ochronie organizmu przed zewngtrznymi czynnikami stresowymi i zapewnia
réwnowage produkcji i niszczenia komorek skory. Dlatego po badaniach laboratoryjnych
przeprowadzono badania kliniczne dotyczace jej roli w patofizjologii stanow
proliferacyjnych i zapalnych. Rozregulowanie ekspresji kaspazy-14 opisano w ludzkich

komorkach nowotworowych oraz w kilku liniach komoérek nowotworowych (tabela 1).

Tabela 1. Kaspasa-14 w nowotworach

NOWOTWOR Kaspaza-14

— istotne obnizenie ekspresji w porownaniu z prawidlowym nabtonkiem

Rak szyjkimacicy | _ obnizenie ekspresji korelowato ze stopniem zaawansowania choroby [28]

— istotne obnizenie ekspresji w porownaniu z prawidlowym nabtonkiem
— obnizona ekspresja korelowata ze stopniem klinicznego zaawansowania

Rak jajnika . . . .
) choroby oraz z krotszym catkowitym przezyciem u pacjentek z rakiem
surowiczym [29]
ng:LJe(gcl)ta —  ekspresja istotnie obnizona w poréwnaniu z prawidtowym nabtonkiem [39]
— stwierdzono obnizong ekspresje w stabiej zroznicowanych postaciach raka
Rak zoladka zotadka

— u pacjentow T(3)N(0)M(0) obnizenie ekspresji kaspazy-14 korelowalo
z krétszym catkowitym przezyciem chorych [29]
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— stwierdzono zwickszong ekspresje kaspazy-14 w przewodowych rakach

Rak piersi piersi zaréwno in situ, jak i naciekajacych [29]

— fizjologicznie brak jej ekspresji
Gruczolakorak — obecna ekspresja w 32% badanych gruczolakéw $linianek
slinianki

— w liniach nowotworowych transfekowanych kaspaza-14 stwierdzono
zahamowanie wzrostu, obnizong zdolno$¢ do tworzenia guza na skutek
zmniejszonej waskularyzacji [30]

— ekspresja  jest  obnizona w  stanach  przednowotworowych

Rak sromu i kolczystokomoérkowych rakach sromu

— ckspozycja na ekstrakt z czarnej maliny zwigkszala jej ekSpresjg¢, CO
mogtoby by¢ zastosowane w miejscowym leczeniu choroby [30]

— zwickszona ekspresja

Gruczolakorak — jej nadmierna ekspresja korelowata ze ztym rokowaniem dla pacjenta
pluca — in vitro nadmierna ekspresja powodowata oporno$¢ na leczenie cisplatyng
[31]

Rak skory jest nowotworem silnie zwigzanym z przewlekla ekspozycja na
promieniowanie UV. W modelu mysim ekspresja mRNA kaspazy-14 byta zmniejszona
w raku plaskonabtonkowym indukowanym przez UVB. Globalne profile ekspresji genow
normalnego mysiego naskérka 1 rakéw plaskonabtonkowych indukowanych
promieniowaniem UV (SCC) u myszy wykazaty 8-krotnie nizsza ekspresj¢ kaspazy-14
w raku plaskonabtonkowym [13]. W przypadku raka skory transfekcja linii
komorkowych ludzkiego raka naskérkowego (A431) wektorem pCMV z ekspresja
kaspazy-14 doprowadzita do ograniczenia wzrostu 1 rakotworczosci komorek [33].
Nadekspresja kaspazy-14 znacznie zmniejszyta proliferacje¢ komorek, opdznita wzrost
guza 1 wyindukowata ekspresj¢ trzech markerow rdznicowania ptaskonabtonkowego
w komorkach A431, modelowych komorkach linii komorkowej raka naskorka [34].

Powyzsze badania przeprowadzono na liniach komorek naskorka lub modelach
mysich, ale nie na raku skory lub komorkach ludzkich in vivo.

Wobec braku badan dotyczacych ekspresji kaspazy-14 w rakach skory podjgcie

decyzje o rozpoczeciu badan wlasnych dotyczacych jej roli w kancerogenezie skory.
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METODY

Badanie zostalo zatwierdzone przez Komisje Bioetyczng Uniwersytetu
Warminsko-Mazurskiego w Olsztynie. Badang populacj¢ stanowily probki pobrane od
56 pacjentow przyjetych do Kliniki Dermatologii, Chorob Przenoszonych Droga Piciowa
i Immunologii Klinicznej w Olsztynie w okresie od stycznia 2017 do marca 2019 roku.
Swiadoma zgode na zabieg i wykorzystanie materiatu biologicznego w badaniach
uzyskano od wszystkich uczestnikoéw. Probki pobrano od pacjentow z klinicznym
podejrzeniem nowotworow nabtonkowych. Od kazdego pacjenta pobrano trzy probki —
jedna ze zdrowej skory grzbietu dloni (probki zdrowe) oraz dwie probki z podejrzanych
zmian skornych, z ktérych jedng poddano badaniu patomorfologicznemu. Rozpoznanie
nowotworu zostato potwierdzone przez do$wiadczonego patomorfologa przed dalsza
analizg. Probki kontrolne pobrano ze zdrowej skory grzbietowej powierzchni dtoni
pacjentow bez objawow chorobowych 1 historii nowotworéw nabtonkowych. Miejscem,
z ktorego pobrano probki, byly obszary narazone na naswietlenie promieniowaniem UV.
Nowotwory skory zlokalizowane sg gldéwnie w miejscach narazonych na dzialanie
promieni slonecznych, a celem bylo uzyskanie porownywalnej probki.

Procedure biopsji przeprowadzono z uzyciem znieczulenia 2% lignokaing
I sztancg biopsyjng o S$rednicy 4 mm. Rany zostaly pozniej zszyte. Probki
przechowywano w temperaturze —80°C do dalszej analizy. Probke, ktorg wykorzystano
do badania histopatologicznego (rutynowe barwienie), przechowywano w buforowanej
formalinie.

Pacjentow podzielono na grupy na podstawie wyniku badania histologicznego:
rak plaskonabtonkowy (SCC), rak podstawnokomorkowy (BCC) i1 rogowacenie
stoneczne (AK). Grupa SCC sktadata si¢ z 5 pacjentéw (2 mezczyzn 1 3 kobiety, w wieku
69-87 lat, $rednia 77 lat). UzyskaliSmy wiarygodne wyniki dla skoéry ze zmianami
chorobowymi u wszystkich pacjentéw 1 wiarygodne wyniki dla skory bez zmian
u 3 z tych pacjentow. Grupa BCC liczyta 10 pacjentow (6 mezczyzn i 4 kobiety w wieku
48-84 lat, Srednia wieku 73,8 lat). UzyskaliSmy wyniki dla skéry ze zmianami
chorobowymi wszystkich pacjentow 1 wyniki dla skory bez zmian chorobowych od
7 z tych pacjentow. Grupa AK liczyta 20 pacjentow (13 mezczyzn i 7 kobiet w wieku 47—
93 lata, s$rednia 74,7). UzyskaliSmy wyniki zarowno dla skory ze zmianami

chorobowymi, jak i bez zmian chorobowych u 12 pacjentéw oraz tylko ze zmianami
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chorobowymi u 6 pacjentéw i tylko bez zmian chorobowych u 2 pacjentow. Grupe
kontrolng stanowito 21 pacjentéw w wieku 47—88 lat. Srednia wieku wynosita 70,5 roku.
W grupie bylo 14 kobiet i 7 mezczyzn. We wszystkich przypadkach rozpoznanie
kliniczne byto zgodne z histopatologicznym. Utrata prébek byta spowodowana
uszkodzeniami podczas transportu i przetwarzania.

Probki skory pobrano z magazynu w probéwkach utrzymywanych w temperaturze
—80°C 1 homogenizowano w mozdzierzu ceramicznym w cieklym azocie do postaci
drobnego proszku bibutkowego. Nastgpnie probki przeniesiono do 1,5 ml probowki
Eppendorfa z 400 mikrolitrami fenozolu. Przechowywano je przez 30 minut,
worteksowano przez 1 minut¢ i odwirowano. Zgodnie z protokotem producenta
catkowity mRNA wyizolowano z probek za pomoca zestawu Total RNA Mini Plus (A&A
Biotechnology, Gdynia, Poland, #036-100). Oznaczenie ilosciowe RNA przeprowadzono
za pomocg systemu Nanodrop (Hampton), a jego jako$¢ oceniono przez wizualizacje
prazkow rRNA 28S 1 18S po elektroforezie w 1,5% zelu agarozowym i wybarwieniu na
czerwono (41 003; Biotium, Hayward, CA, USA). Te samag ilo§¢ (1000 ng) mRNA
z kazdej probki poddano odwrotnej transkrypcji przy uzyciu zestawu Maxima First
Strand cDNA Synthesis Kit (Thermo Fisher, Waltham, MA, USA, #K1641). Odwrotna
transkrypcje przeprowadzono zgodnie z protokolem producenta. cDNA zamrozono
w temperaturze —20°C do czasu dalszej analizy. Wszystkie reakcje dla gendow
docelowych 1 referencyjnych przeprowadzono w dwoédch powtdrzeniach na 384-
dotkowych plytkach (MicroAmp™ Optical 384-dotkowa ptytka reakcyjna z kodem
kreskowym, nr 4309849) i przeprowadzono w systemie wykrywania sekwencji ABI
Prism 7900 (Applied Biosystems, Life Technologies, Foster City, CA, USA) z Maxima
SYBR Green/ROX gPCR Master Mix (2X) (Thermo Scientific, Waltham, MA, USA,
#K0222). Przygotowanie probki przeprowadzono zgodnie z protokotem producenta
z uzyciem 15 ng cDNA na studzienke w tacznie 10 mikrolitrach mieszaniny reakcyjnej.
Gen metabolizmu podstawowego wybrano zgodnie z literaturg. Wzglgdne dane mRNA
okreslono ilo§ciowo przy uzyciu iloSciowego algorytmu eksploratora PCR. W skrocie,
srednig progu cyklicznosci (Cq) i poziom skutecznos$ci startera (E) dla kazdej prébki
powigzano za pomoca nastepujacego réwnania: [1/(1pE)Cq]. Nastepnie poziomy

ekspresji genow docelowych znormalizowano wzgledem genu referencyjnego.
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WYNIKI

Probki pobrano od 56 pacjentéw, w tym od 21 oséb z grupy kontrolnej bez zmian
skérnych lub raka skory w wywiadzie. Liczba probek byta dos$¢ niska, a liczby réznity
si¢ w roznych grupach. W zwigzku z tym nie mogty zosta¢ poddane analizie testami
parametrycznymi (nie zostato spetnione kryterium rozktadu normalnego zmiennych).
W rezultacie zastosowano testy nieparametryczne.

Obliczenia wykonano w programie Statistica PL v.13.1 z wykorzystaniem
modutow: statystyka opisowa i statystyka nieparametryczna. Zastosowano nastepujace
testy dla prob niezaleznych: test Mediany, test Kruskala-Wallisa, test Kotmogorowa-
Smirnowa, test U-Manna-Whitneya. Testami zastosowanymi dla préb zaleznych byty test

znakow 1 test kolejnosci par Wilcoxona oraz wspotczynnik korelacji rang Spearmana.

Skora zdrowa
Ekspresje¢ mRNA kaspazy-14/GAPDH w zdrowej skorze przedstawiono

w tabeli 2.

Tabela 2. Expression of caspase-14 mRNA in healthy skin

. Liczba . 5 . . Odchylenie Blad
Diagnoza probek Wynik | Srednia | Mediana standardowe | standardowy
0.13-
Grupa kontrolna 21 265 1.18 0.75 0.86 0.19
Rak 0.12—
kolczystokomorkowy 3 0 67 0.44 0.52 0.23 0.16
— ze zdrowej )
Rak 0.04—
podstawnokomoérkowy 7 1 15 0.35 0.29 0.35 0.22
— ze zdrowej )
Rogowacenie I VN N R 0.9 1.00 027
sloneczne — ze zdrowej 3.59
W Zadnej z grup nie zaobserwowano korelacji miedzy ekspresja a wiekiem lub
plcia pacjentow.
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Poziom ekspresji kaspazy-14 byt podobny w grupie kontrolnej i w grupie
zrogowaceniem stonecznym — znacznie wyzszy niz w probkach zdrowej skory
pacjentow z rakiem ptaskonablonkowym 1 probkach zdrowej skory pacjentow z rakiem
podstawnokomoérkowym (ryc. 2).

W obliczeniach dla probek skéry zdrowej w réznych grupach zaobserwowano
istotne statystycznie rdznice pomig¢dzy pordwnywanymi grupami dla testu Mediana

z p=0,043 oraz dla testu Kruskala-Wallisa z p=0,023.

Wykr. ramka-wagsy wzgledem grup
Zmienna: Results
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0,2t 1 1

0,0 1

-0,2

' ' ' ' o Srednia
Control SCC non BCC non AK non [] Srednia+Btad std

Group T Srednia+Odch.std

Rycina 2. Ekspresja mRNA kaspazy-14 w probkach zdrowej skory

Poniewaz wyniki byly podobne dla grupy kontrolnej i pacjentow z rogowaceniem
stonecznym z probek bez zmian chorobowych, zostaly one przeanalizowane i porownane
z probkami SCC bez zmian chorobowych razem z probkami BCC bez zmian
chorobowych.

Klinicznie dobdr grup mozna uznaé za uzasadniony, poniewaz obejmowaly one
chorych z inwazyjnym rakiem skéry (BCC/SCC) oraz bez inwazyjnego raka skory
(AK/zdrowi). Test Kotmogorowa-Smirnowa z p=0,025 oraz test U-Manna-Whitneya
z p=0,003 wykazaty roznice istotne statystycznie (ryc. 3).
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Wykr. ramka-wgsy wzgledem grup
Zmienna: Results
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Rycina 3. Ekspresja mRNA kaspazy-14 w polaczonych grupach préobek zdrowej skéry — grupa
kontrolna z prébkami bez zmian rogowacenia slonecznego oraz proébki bez zmian od pacjentéw

zBCCiSCC

Skora zmieniona

W przypadku probek skory zmienionej chorobowo ekspresj¢ kaspazy-14/GAPDH

przedstawiono w tabeli 3.

Tabela 3. Ekspresja kaspazy-14/GAPDH proébek skéry zmienionej chorobowo

. Liczba o | & . . Odchylenie Blad
Rozpoznanie probek Wynik | Srednia | Mediana standardowe | standardowy

Rak k.olczystokomorkowy - 5 0.13— 136 0.79 133 06
ze Zzmiany 3.72
Rak podstawnokomorkowy | 1 163 9 65 0.61 0.54 0.17
— ze Zzmiany
Rogowaceme sloneczne — ze 13 0.05—- 09 071 0.62 015
Zmiany 2.25
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Wykr. ramka-wasy wzgledem grup
Zmienna: Results
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Rycina 4. Ekspresja mRNA kaspazy-14 w prébkach zmian chorobowych

Jak przedstawiono na rycinie 4, poziomy kaspazy-14 s3 porownywalne w zakresie
odchylenia standardowego w probkach z grupy kontrolnej 1 w probkach ze zmianami
chorobowymi. Nie zaobserwowano istotnej korelacji miedzy ekspresja, plcig 1 wiekiem
w zadnej grupie probek ze zmianami chorobowymi. Zgodnie z przyjeta klasyfikacja
korelacja ekspresji byta wysoka miedzy probkami SCC i SCC bez zmian chorobowych
oraz BCC 1 BCC bez zmian chorobowych

Zaobserwowano  statystycznie  istotng  korelacj¢ = miedzy  probkami
niezmienionymi i zmienionymi w raku podstawnokomodrkowym (wspotczynnik korelacji
=0,82 Pearsona z 7 probkami, przy poziomie ufnosci a=0,02).

W grupie z rogowaceniem slonecznym zaobserwowano istotng statystycznie
korelacje miedzy probkami bez zmian 1 ze zmianami chorobowymi (wspdiczynnik
korelacji r=0,55 Pearsona przy 12 probkach i1 poziom ufnosci a=0,05). Chociaz
zaobserwowano wysoka korelacje, nie odnotowano statystycznie istotnych réznic dla

grup ze zmianami chorobowymi i bez zmian chorobowych.
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Ze wzgledu na to, ze nie wystapily istotne réznice miedzy SCC ze zmianami
chorobowymi i BCC ze zmianami chorobowymi oraz SCC bez zmian chorobowych
1 BCC bez zmian chorobowych (grupy jednorodne), a wartosci wspotczynnika korelacji
rang byly podobne i1 tego samego stopnia, zdecydowalismy si¢ je przeanalizowac
w potaczeniu. W potaczonej grupie SCC i BCC (15 probek) poziomy ekspresji kaspazy-
14 mRNA wahaty si¢ od 0,03 do 3,72, przy $redniej 0,89, medianie 0,72, odchyleniu
standardowym 0,95 1 btedzie statystycznym 0,25. W potaczonej grupie SCC non 1 BCC
non (10 probek) poziomy ekspresji kaspazy-14 mRNA wahaly si¢ od 0,05 do 1,15, przy
sredniej 0,38, medianie 0,31, odchyleniu standardowym 0,31 i btedzie statystycznym
0,10. Poziomy byly nizsze w probkach zdrowej skory, a réznica wynosilta
ok. 2 standardowe bledy.

Wykres ramka-wasy
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SCC+BCC non T SredniaxOdch.std

Rycina S. Ekspresja mRNA kaspazy-14 w polaczonych grupach uszkodzonych prébek BCC i SCC
oraz probek nieuszkodzonych

Zaobserwowano statystycznie istotne roznice miedzy grupami SCC/BCC vs SCC
non/BCC non z p=0,027 dla testu znakéw 1 p=0,022 dla testu kolejnosci par Wilcoxona.
W grupach taczonych zaobserwowano statystycznie istotng korelacje migdzy
poziomami ekspresji mRNA kaspazy-14 dla probek z uszkodzeniami i bez zmian
(wspotczynnik korelacji r=0,55 Pearsona dla 10 probek 1 ufnos¢ a=0,01) (ryc. 5). Nie
zaobserwowano istotnej statystycznie korelacji dla pici lub wieku w potaczonych

grupach.
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DYSKUSJA
Wedlug danych epidemiologicznych raki podstawnokomoérkowe (BCC)

I kolczystokomorkowe (SCC) sg najczestszymi nowotworami skory z obserwowanym
wzrostem zachorowalnosci. Ich przebieg kliniczny jest odmienny. W przeciwienstwie do
BCC, SCC rosnie szybciej 1 czgsciej daje przerzuty odlegte, co prowadzi do $mierci
pacjenta. Mozliwosci paliatywnego leczenia systemowego chorych z przerzutowym BCC
lub SCC s3 ograniczone i opieraja si¢ gtdéwnie na klasycznych chemioterapeutykach.
Obecnie wismodegib, inhibitor szlaku Hedgehog, jest zarejestrowany dla pacjentow
Z przerzutowym, miejscowo zaawansowanym BCC, ktory nie kwalifikuje si¢ do operacji
ani radioterapii. Jesli chodzi o SCC, trwaja badania kliniczne majace na celu oceng roli
immunoterapii lub terapii anty-EGFR. Rozwd¢j nauk molekularnych doprowadzit do
znaczacych odkry¢. Zapewnia lepsze zrozumienie procesoOw kontrolujacych wzrost
i rozwoj raka. Jednak potrzebne sa nowe odkrycia, aby poprawi¢ mozliwosci
diagnostyczne i terapeutyczne raka skory. Kaspazy to grupa obejmujaca wiele biatek
biorgcych udziat w procesie kancerogenezy. Pomimo szczegélnej roli kaspazy-14
w skorze jako zewngtrznego protektora, istnieje niewiele danych klinicznych
dotyczacych raka skory, w przeciwienstwie do innych guzéw litych. Badanie
przedkliniczne przeprowadzone przez Hsu i in. wykazato, ze transfekcja wektora
wyrazajacego kaspaze-14 do linii komorkowej raka naskorka A431 zmniejszyta wzrost
I rakotworczo$¢ linii komorkowej. Poziom ekspresji w innych guzach litych moze by¢
zmniejszony (rak szyjki macicy 1 okreznicy) lub zwigkszony (gruczolakorak ptluc).
Przeglad literatury dotyczacej tego problemu przedstawiono w artykule: Markiewicz A,
Sigorski D, Markiewicz M, Owczarczyk-Saczonek A, Placek W. Caspase-14-From
Biomolecular Basics to Clinical Approach. A Review of Available Data.

PrzeprowadziliSmy prospektywne badanie, aby oceni¢ potencjalng rol¢ kaspazy-
14 w raku skory i jego zmianach przedrakowych. Do badania zakwalifikowalismy
56 pacjentéw. Wyniki opublikowano w pracy: Markiewicz A, Sigorski D, Markiewicz M,
Placek W, Owczarczyk-Saczonek A. mRNA expression of caspase-14 in skin epithelial
malignancies. Advances in Dermatology and Allergology/Postepy Dermatologii
1 Alergologii. 2023;40(2):315-320.

MRNA kaspazy-14 badano w uszkodzonych i nieuszkodzonych AK, BCC, SCC
I probkach kontrolnych. Analiza statystyczna zebranych danych ujawnila interesujace
klinicznie wyniki. Chorzy z rozpoznaniem raka podstawnokomorkowego oraz chorzy na

raka ptaskonablonkowego charakteryzowali si¢ nizszym poziomem ekspresji mRNA
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kaspazy-14 w skorze zdrowej. Kaspaza-14 znana jest ze swojej roli w regulacji procesu
rogowacenia oraz ochronie skoéry przed uszkodzeniami UV i utrata wody. Dysfunkcje
aktywnosci kaspazy-14 moga prowadzi¢ do rozwoju raka skoéry. Potencjalnie stymulacja
kaspazy-14 moze skutkowa¢ ochrong pacjentow przed rakiem skory. Wykazano, ze
egzogenne stymulatory kaspazy-14, takie jak polifenole, np. 3-galusan epigallokatechiny
EGCG, ceramidy i delfinidyna, zwigkszaja poziom kaspazy-14 i moga by¢ dalej badane
pod katem zastosowania klinicznego [35, 36].

Ponadto dane wykazaty, ze ekspresja mRNA kaspazy-14 byta znacznie nizsza
W skorze zdrowej niz w skoérze zmienionej u pacjentdow z rozpoznaniem raka
ptaskonablonkowego lub raka podstawnokomorkowego.

Podsumowujac, wyniki sugeruja, ze pacjenci z rakiem skory charakteryzuja si¢
nizszym poziomem ekspresji mRNA kaspazy-14 w skorze zdrowej. Jednak gdy rozwija
si¢ u nich rak skory, poziom ten jest podwyzszony w zmianach skérnych. Zebrane dane
nie pozwolity na poréwnanie tych wartosci z grupa kontrolng, dlatego nalezy to oceni¢
na kolejnych etapach badan. Kluczowa warto$cig bytaby ocena, czy te podwyzszone
poziomy byly wyzsze czy nizsze niz w zdrowej skorze grupy kontrolnej. Niektore kwestie
wcigz wymagaja analizy, np. czy regulacja w gore jest sposobem na probe kontrolowania
zapoczatkowanego procesu nowotworowego poprzez kompensacyjng stymulacje
czasteczek ochronnych, czy tez rak rozwija si¢, poniewaz regulacja w gore jest
niewystarczajaca. Aby oceni¢ ten problem i1 uzyskac statystycznie istotne wyniki, nalezy
zebra¢ wiecej danych.

Fakt, ze pacjenci z rakiem skory charakteryzuja si¢ nizsza ekspresja mRNA
kaspazy-14, jest tatwy do zrozumienia, znajgc silng rolg tej czasteczki w ochronie
komorek przed uszkodzeniem przez promieniowanie UV.

Osobnym zagadnieniem jest aspekt patofizjologiczny i rola kaspazy-14
w komorkach juz dotknigtych chorobg nowotworowa. Nasze badanie jest pierwszym,
ktore opisuje potencjalng role kaspazy-14 w ludzkich nowotworach skory. Uzyskane
wyniki wyznaczajg kierunki przyszlych badan. Ograniczeniem badania jest stosunkowo
niewielka grupa badana, ktora nie byta dobrze zbilansowana. Nalezy je kontynuowac,
aby potwierdzi¢ pierwotne wyniki i dalej bada¢ to zagadnienie. Ponadto rola kaspazy
W nowotworach skory powinna zosta¢ potwierdzona i poréwnana na poziomie biatek.
Obecnie oceniamy inne czasteczki zwigzane ze $miercig komorki, aby poréwnaé je
z kaspazg-14 (kaspaza-3, kaspaza-7, kaspaza-9, JAK-2, STAT-3). Mogloby to pomoc
nam wyjasnic¢ role kaspazy-14 w komorkach skory dotknietych rakiem.
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iczba prac prac z wa punktacji
| Lk MNiSW
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artykul. W czasopismie 3 2 3 14.008 288
zagranicznym
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Charakt. formalna: artykul w czasopis$mie polskim

Charakt. merytoryczna: praca oryginalna

Punktacja MNiSW: 5.000

Uwaga dot. automatycznej identyfikacji: Niezidentyfikowano na wykazie dyscyplin
Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:335:23, Owczarczyk-Saczonek Agnieszka [*]
0000-0002-8660-4889 3938531:335:23

9.
IDT: 0000074820.
Rok: 2021

Autorzy: Markiewicz Agnieszka, Sigorski Dawid, Markiewicz Mateusz M., Owczarczyk-Saczonek Agnieszka,

Placek Waldemar.

Tytul oryginalu: Caspase-14-From Biomolecular Basics to Clinical Approach. A Review of Available Data
Czasopismo: International Journal of Molecular Sciences

Opis fizyczny: 2021, 22 (11), s. 1-12 ; bibliogr. 71 poz. ; nr art. 5575

p-ISSN: 1422-0067

Jezyk publikacji: ENG

DOI: 10.3390/ijms22115575

open-access-text-version: FINAL PUBLISHED

open-access-licence: CC-BY

open-access-release-time: AT _PUBLICATION

open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2021.05.26

Charakt. formalna: artykul w czasopiémie zagranicznym

Charakt. merytoryczna: praca przegladowa

Inne bazy podajace opis: Web of Science Core Collection ; Scopus

Impact Factor: 6.208

Punktacja MNiSW: 140.000

Dyscypliny czasopisma na podstawie wykazu MNiSW z 2021.12.21: inzynieria biomedyczna:inZynieria
chemiczna:inzynieria materialowa:nauki farmaceutyczne:nauki medyczne:nauki o kulturze fizycznej:nauki o
zdrowiusnauki lesnerolnictwo i ogrodnictwo:technologia Zywnosci i Zywienia;weterynaria;zootechnika i
rybactwo:nauki biologiczne:nauki chemiczne:nauki fizyczne

Tytul czasopisma w wykazie MNiSW z 2021.12.21: INTERNATIONAL JOURNAL OF MOLECULAR
SCIENCES

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:335:23, Sigorski Dawid [*] 0000-0002-4799-
9611:345:23, Markiewicz Mateusz M. [*]:344:23, Owczarczyk-Saczonek Agnieszka [*] 0000-0002-8660-
4889 3938531:335:23, Placek Waldemar [*] 0000-0001-8310-9199 1273980:335:23

Biokotoka Ur sieck 0 Mot bt UWm8 uwm ek
ytal W AWNO MR W ORIty 1 4
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Oprac.: mgr Monika Bartnik, Dzlat Informacji Naukowej BU UWM, tel. 89 523 49 57, 89 524 51 87; bib.oin@uwm_.edu.pl
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10.

IDT: 0000069897,

Rok: 2019

Autorzy: Markiewicz Agnieszka.

Tytul oryginalu: Choroby bakteryjne

Tytul calodei: Dermatologia interwencyjna / pod red. Agnieszki Owczarczyk-Saczonek
Adres wydawniczy, liczba stron: Poznaf : Termedia Wydawnictwa Medyczne, 2019, s. 9-21 : bibliogr.
Adres url: hitps:/'www.termedia. pl/Ksiazka/-276

p-1SBN: 978-83-7988-290-8

Jezvk publikacji: POL

Liczha arkuszy: 0.65

Data ukazania si¢ publikacji: 2020.01.13

Charakt. formalna: rozdzial (fragment) w ksiaice

Charakt. merytoryezna: praca oryginalna

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:335:23

11.

IDT: 0000069899,

Rok: 2019

Autorzy: Markiewicz Agnieszka.

Tytul oryginalu: Choroby wirusowe

Tytul calo$ci: Dermatologia interwencyjna / pod red. Agnieszki Owczarczyk-Saczonek
Adres wydawniczy, liczha stron: Poznath : Termedia Wydawnictwa Medyczne, 2019, s. 27-36 ; bibliogr.
Adres url: https://www.termedia. pl/Ksiazka/-276

p-1SBN: 978-83-T988-290-8

Jezvk publikacji: POL

Liczha arkuszy: 0.75

Data ukazania si¢ publikacji: 2020.01.13

Charakt. formalna: rozdzial (fragment) w ksiazce

Charakt. merytoryczna: praca oryginalna

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:335:23

12,

IDT: D00D006989E,

Rok: 2019

Autorzy: Zdanowska Natalia, Markiewicz Agnieszka.

Tytul oryginalu: Rumied wedrujacy

Tytul calo$ei: Dermatologia interwencyjna / pod red. Agnieszki Owezarczyk-Saczonek

Adres wydawniczy, liczba stron: Poznaf : Termedia Wydawnictwa Medyczne, 2019, s. 22-36 ; bibliogr.
Adres url: https://www.termedia. pl/Ksiazka/-276

p-1SBN: 978-83-T988-290-8

Jezvk publikacji: POL

Liczba arkuszy: 0.75

Data ukazania si¢ publikacji: 2020.01.13

Charakt. formalna: rozdzial (fragment) w ksiazce

Charakt. merytoryezna: praca oryginalna

Afiliacja: Zdanowska Matalia [*] 0000-0001-8939-4680:335:23, Markiewicz Agnieszka [*] 0000-0001-5609-
303X:335:23

Oprac.: mgr Monika Bartnik, Dziat Informac)i Maukowe] BU UWh, tel. 89 523 49 57, 89 524 51 £7; bib.oin@uwm_edu.pl
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13.

IDT: 0000066795.

Rok: 2019

Autorzy: Kocbach-Przudzik Aleksandra, Botulinska Anna, Markiewicz Agnieszka, Owczarczyk-Saczonek
Agnieszka, Kocbach Piotr.

Tytul oryginalu: Erythema migrans diagnostic challenges, procedures, and treatm

Tytul réwnolegly: Rumien wedrujacy problemy diagnostyczne, postgpowanie i leczenie

Czasopismo: Przeglad Dermatologiczny

Opis fizyczny: 2019, 106 (2), s. 625-633 : bibliogr. 11 poz.

p-I1SSN: 0033-2526

Jezyk publikacji: ENG

DOI: 10.5114/dr.2019.92735

open-access-text-version: FINAL PUBLISHED

open-access-licence: CC-BY-NC-SA

open-access-release-time: AT_PUBLICATION

open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2019.07.08

Charakt. formalna: artykul w czasopismie polskim

Charakt. merytoryczna: praca przegladowa

Inne bazy podajace opis: Scopus : Web of Science Core Collection

Punktacja MNiSW: 20.000

Dyscypliny czasopisma na podstawie wykazu MNiSW z 2021.12.21: nauki farmaceutyczne;nauki
medyczne:nauki o zdrowiu;weterynaria

Tytul czasopisma w wykazie MNiSW z 2021.12.21: Przeglad Dermatologiczny

Afiliacja: Kocbach Aleksandra [*] 0000-0003-1597-9488:347:23, Botulifiska Anna [*] 0000-0002-4382-
5649:347:23, Markiewicz Agnieszka [*] 0000-0001-5609-303X:335:23, Owczarczyk-Saczonek Agnieszka [ ]
0000-0002-8660-4889 3938531:335:23, Kocbach Piotr [*] 0000-0001-5149-6702 3956270:347:23

14.
IDT: 0000069121,
Rok: 2019
Autorzy: Sigorski Dawid, Markiewicz Agnieszka, Owczarczyk-Saczonek Agnieszka, Rozanowski Pawel,
Kufakowska Anna, Placek Waldemar, Lebiedzinska Aneta.
Tytul oryginalu: Zmiany w obrebie aparatu paznokciowego w przebieg
Tytul réwnolegly: Periungual lesions secondary to ch therapy with de el
Czasopismo: Przeglad Dermatologiczny
Opis fizyczny: 2019, 106 (6), s. 646655 : bibliogr. 18 poz.
Adres url: https://doi.org/10.5114/dr.2019.92737
p-ISSN: 0033-2526
Jezyk publikacji: POL, ENG
DOI: 10.5114/dr.2019.92737
open-access-text-version: FINAL _PUBLISHED
open-access-licence: CC-BY-NC-SA
open-access-release-time: AT_PUBLICATION
P cess-articl de: OPEN_JOURNAL
Data ukazania si¢ publikacji: 2019.12.15
Charakt. formalna: artykul w czasopismie polskim
Charakt. merytoryczna: praca przegladowa
Inne bazy podajace opis: Scopus : Web of Science Core Collection
Punktacja MNiSW: 20.000
Dyscypliny ¢ pi na podstawie wykazu MNiSW z 2021.12.21: nauki farmaceutyczne;nauki
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Oprac.: mgr Monika Bartnik, Dziat Informacjl Naukowe] BU UWM, tel. 89 523 49 57, 89 524 51 87; bib.oin@uwm_edu.pl
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medyczne;nauki o zdrowiu,weterynaria

Tytul czasopisma w wykazie MNISW z 2021.12.21: Przeglad Dermatologiczny

Afiliacja: Sigorski Dawid [*] 0000-0002-4799-9611:345;23, Markiewicz Agnieszka [*] 0000-0001-5609-
303X:335:23, Owczarczyk-Saczonek Agnieszka [*] 0000-0002-8660-4889 3938531:335:23, Rézanowski Pawel
[ 1:000:000, Kulakowska Anna [*]:345:23, Placek Waldemar [*] 0000-0001-8310-9199 1273980:345;23,
Lebiedzinska Aneta [*] 0000-0002-6284-9937:335:23

15,

IDT: 0000053842,

Rok: 2017

Autorzy: Owczarczyk-Saczonek Agnieszka, Markiewicz Agnieszka, Misiukiewicz-Poc Magdalena, Placek
Waldemar.

Tytul oryginalu: Kimura disease in young Caucasian man

Tytul caledei: 26th EADV Congress - European Academy of Dermatology and Venereology, 13-17 September
2017, Geneva, Switzerland

Adres wydawniczy, liczba stron: Geneva, 2017, [s. 1-1]

Adres url: https://www.eadv_org/congress/'show-congress

Konferencja/zjazd - tytul: 26th EADV Congress - European Academy of Dermatology and Venereology, 13-
17 September 2017, Geneva, Switzerland

Konferencja/zjazd - miejsce i data: Geneva, CH, 2017.09.13, 2017.09.17

Jezyk publikacji: ENG

Liczba arkuszy: (.05

Data ukazania si¢ publikacji: 2017.09.13

Charakt. formalna: streszczenie w materiatach konferencyjnych (komunikat, poster)

Charakt. merytoryezna: varia

Afiliacja: Owczarczyk-Saczonek Agnieszka [*] 0000-0002-8660-4889 3938531:335:23, Markiewicz Agnieszka
[*] 00D0-0001-5609-303X:355:23, Lozifiska Magdalena [*] 0000-0002-9402-5684 905551;349:23, Placek
Waldemar [*] 0000-0001-8310-9199 1273980:335,23

16.

IDT: 0000055208,

Rok: 2017

Auntorzy: Owczarczyk-Saczonek Agnieszka, Markiewicz Agnieszka, Misiukiewicz-Po¢ Magdalena, Knopinska-
Postuszny Wanda, Placek Waldemar.

Tytul oryginalu: Kimura disease: a case report and review of literature

Czasopismo: Journal of Dermatological Case Reports

Opis fizyezny: 2017, 11 (3). s. 43-46 : bibliogr. 21 poz.

p-ISSN: 1898-7249

Jezyk publikacji: ENG

DOI: 10.3315/jder.2017.1249

Data ukazania si¢ publikacji: 2017.11.16

Charakt. formalna: artykul w czasopismie zagranicznym

Charakt. merytoryczna: praca kazuistyczna

Inne bazy podajace opis: Web of Science Core Collection

Punktacja MNiSW: 8.000

Dyscypliny czasopisma na podstawie wykazu MNISW z 2021.12.21: nauki medyczne

Tytul czasopisma w wykazie MNiSW z 2021.12.21: Journal of Dermatological Case Reports

Afiliacja: Owczarczyk-Saczonek Agnieszka [*] 0000-0002-8660-4889 3938531:335;23, Markiewicz Agnieszka
[*] 0000-0001-5609-303X:335:23, Lozinska Magdalena [*] 0000-0002-9402-5684 905551:349,23, Knopinska-
Postuszny Wanda [ ] 1924391:334:23, Placek Waldemar [*] 0000-0001-8310-9199 1273980:335:23

Bllolebo Lniwervhack el Bl iR ok
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Oprac.: mgr Monika Bartnik, Dziat Informacii Naukowe] BU UWM, tel. 89 523 49 57, 89 524 51 &7; bib oin@uwrn_edu.pl
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17.

IDT: 0000037550.

Rok: 2017

Autorzy: Markiewicz Agnieszka, Owczarczyk-Saczonek Agnieszka, Placek Wald

Tytul oryginalu: Zapalenie okoloustne wywolane miejscowym stosowaniem glikokorty} id
Tytul réwnolegly: Dermatitis perioralis provoked by topical use of glycocorticosteroids
Czasopismo: Lekarz POZ

Opis fizyczny: 2017, 3 (3), s. 211-213 ; bibliogr. 9 poz.

Adres url: https://www.termedia.pl/Zapalenie-okolc ywo
glikokortykosteroidu,98,30325,0,0.html

p-I1SSN: 2450-3517

e-ISSN: 2450-4459

Jezyk publikacji: POL

open-access-text-version: FINAL PUBLISHED
open-access-licence: CC-BY-NC-SA
open-access-release-time: AT PUBLICATION
open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2017.09.09

Charakt. formalna: artykul w czasopismie polskim

Charakt. merytoryczna: praca kazuistyczna

Punktacja MNiSW: 1.000

Uwaga dot. automatycznej identyfikacji: Niezidentyfikowano na wykazie dyscyplin

Afiliacja: Markiewicz Agnieszka [ ] 0000-0001-5609-303X:355:23, Owczarczyk-Saczonek Agnieszka [*] 0000-
0002-8660-4889 3938531:335:23, Placek Waldemar [*] 0000-0001-8310-9199 1273980:335:23

jscowym-stosowaniem-

J

18.

IDT: 0000037497.

Rok: 2017

Autorzy: Markiewicz Agnieszka, Owczarczyk-Saczonek Agnieszka, Placek Wald

Tytul oryginalu: Urticaria pigmentosa presenting as cardiac emergency

Czasopismo: Polish Annals of Medicine

Opis fizyczny: 2017, 24 (1), s. 43-47 : bibliogr. 34 poz.

p-I1SSN: 1230-8013

Jezyk publikacji: ENG

DOI: 10.1016/j.poamed.2016.11.001

open-access-text-version: FINAL PUBLISHED

open-access-licence: CC-BY-NC-ND

open-access-release-time: AT _PUBLICATION

open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2017.02.22

Charakt. formalna: artykul w czasopismie polskim

Charakt. merytoryczna: praca kazuistyczna

Inne bazy podajace opis: Scopus

Punktacja MNiSW: 14.000

Dyscypliny czasopisma na podstawie wykazu MNiSW z 2021.12.21: inzynieria biomedyczna:nauki
farmaceutyczne:nauki medyczne:nauki o zdrowiu

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:355:23, Owczarczyk-Saczonek Agnieszka [*]
0000-0002-8660-4889 3938531:335:23, Placek Waldemar [*] 0000-0001-8310-9199 1273980:335:23

10

Oprac.: mgr Monika Bartnik, Dziat Informac)i Naukowe] BU UWM, tel. 89 523 49 57, 89 524 51 87; bib.oin@uwm.edu.p!
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19.

IDT: 0000042241,

Rok: 2017

Autorzy: Owczarczyk-Saczonek Agnieszka, Sigorski Dawid, Rozanowski Pawel, Markiewicz Agnieszka.
Tytul oryginalu: Cutaneous manifestations of breast cancer

Tytul réwnolegly: Zmiany skorne w raku piersi

Czasopismo: Przeglad Dermatologiczny

Opis fizyczny: 2017, 104 (5), s. 561-569 : bibliogr. 18 poz.

p-I1SSN: 0033-2526

Jezyk publikacji: POL, ENG

DOI: 10.5114/dr.2017.71221

open-access-text-version: FINAL PUBLISHED

open-access-licence: CC-BY-NC-SA

open-access-release-time: AT PUBLICATION

open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2017.12.01

Charakt. formalna: artykul w czasopismie polskim

Charakt. merytoryczna: praca kazuistyczna

Inne bazy podajace opis: Scopus : Web of Science Core Collection

Punktacja MNiSW: 12.000

Dyscypliny czasopisma na podstawie wykazu MNiSW z 2021.12.21: nauki farmaceutyczne;nauki
medyczne:nauki o zdrowiu:weterynaria

Tytul czasopisma w wykazie MNiSW z 2021.12.21: Przeglad Dermatologiczny

Afiliacja: Owczarczyk-Saczonek Agnieszka [*] 0000-0002-8660-4889 3938531:335:23, Sigorski Dawid [ ]
0000-0002-4799-9611:000:000, Rozanowski Pawel [ ]:000:000, Markiewicz Agnieszka [*] 0000-0001-5609-
303X:355:23

20.

IDT: 0000042276.

Rok: 2017

Autorzy: Markiewicz Agnieszka, Zdanowska Natalia, Owczarczyk-Saczonek Agnieszka, Markiewicz Mateusz
M., Sigorski Dawid, Placek Waldemar.

Tytul oryginalu: Skin manifestation of mantle cell lymphoma case report and literature review
Tytul rownolegly: Skérna manifestacja chloniaka z komoérek plaszcza opis przypadku i przeglad pismiennictwa
Czasopismo: Przeglad Dermatologiczny

Opis fizyczny: 2017, 104 (6), s. 655-662 : bibliogr. 15 poz.

p-I1SSN: 0033-2526

Jezyk publikacji: ENG. POL

DOI: 10.5114/dr.2017.71837

open-access-text-version: FINAL PUBLISHED

open-access-licence: CC-BY-NC-SA

open-access-release-time: AT PUBLICATION

open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2017.12.05

Charakt. formalna: artykul w czasopismie polskim

Charakt. merytoryczna: praca kazuistyczna

Inne bazy podajace opis: Web of Science Core Collection ; Scopus

Punktacja MNiSW: 12.000

Dyscypliny czasopisma na podstawie wykazu MNiSW z 2021.12.21: nauki farmaceutyczne;nauki
medyczne:nauki o zdrowiu:weterynaria

Tytul czasopisma w wykazie MNiSW z 2021.12.21: Przeglad Dermatologiczny

I yhaT Warminiseo: MOk [l 5203309

Oprac.: mgr Monika Bartnlk, Dziat Informacji Naukowe] BU UWM, tel. 89 523 49 57, 89 524 51 87; bib.oln@uwm.edu.pl
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Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:355,23, Zdanowska Natalia [*] 0000-0001-8939-
4680;335:23, Owczarczyk-Saczonek Agnieszka [*] 0000-0002-8660-4889 3938531:335,23, Markiewicz
Mateusz M. [ 1:000:000, Sigorski Dawid [ ] 0000-0002-4799-9611:000:000, Placek Waldemar [*] 0000-0001-
8310-9199 1273980;335:23

21.

IDT: 0000037599,

Rok: 2016

Awntorzy: Markiewicz Agnieszka.

Tytul oryginalu: Blizny potradzikowe

Tytul calodei: Dermatologia estetyczna / pod redakeja Waldemara Placka : [zespol autordw Wioletta Baranska-
Rybak i czterdziestu pigciu pozostatych]

Adres wydawniczy, liczba stron: Poznan : Termedia Wydawnictwa Medycene, 2016, s. 349-350 ; bibliogr.
Uwagi: Praca rec.

p-1SBN: 978-83-T988-105-5

Jezyk publikacji: POL

Liczba arkuszy: 0.10

Data ukazania si¢ publikacji: 2016.06.01

Charakt. formalna: rozdzial (fragment) w monografii naukowej

Charakt. merytoryczna: praca oryginalna

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X;889:17

22

IDT: 0000037598,

Rok: 2016

Autorzy: Markiewicz Agnieszka.

Tytul oryginalu: Blizny, blimy przeroste i keloidy

Tytul calodci: Dermatologia estetyczna / pod redakeja Waldemara Placka ; [zespol autorow Wioletta Baranska-
Rybak i czterdziestu pigciu pozostatych]

Adres wydawniczy, liczba stron: Poznan : Termedia Wydawnictwa Medycane, 2016, s. 345-347
Uwagi: Praca rec.

p-1SBN: 978-83-T988-105-5

Jezyk publikacji: POL

Liczha arkuszy: 0.15

Data ukazania si¢ publikacji: 2016.06.01

Charakt. formalna: rozdzial (fragment) w monografii naukowej

Charakt. merytoryczna: praca oryginalna

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X;889;17

23.

IDT: 0000037596,

Rok: 2016

Awntorzy: Markiewicz Agnieszka.

Tytul oryginalu: Raki skory

Tytul calodei: Dermatologia estetyczna / pod redakeja Waldemara Placka : [zespol autoréw Wioletta Baranska-
Rybak i czterdziestu pigeiu pozostatych]

Adres wydawniczy, liczha stron: Poznan : Termedia Wydawnictwa Medycane, 2016, s. 337-340 : bibliogr.
Uwagi: Praca rec.

p-1SBN: 978-83-T988-105-5

Jezvk publikacji: POL

Liczba arkuszy: 0.20

Blsiolsko Uniweriiiack ieticl Gtk
I sy Bel Wiormirrbo-Marunk v Tk I 513309
3 . I ATTLOOLE

Oprac.: mgr Monika Bartnik, Dziat Informacji Naukowe] BU UWM, tel. 89 523 4957, 89 524 51 87; bib.oin@uwm.edw.pl
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Data ukazania si¢ publikacji: 2016.06.01

Charakt. formalna: rozdzial (fragment) w monografii naukowej
Charakt. merytoryczna: praca oryginalna

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:889:17

24.

IDT: 0000019077,

Rok: 2015

Autorzy: Jedrowiak Anna, Markiewicz Agnieszka, Placek Waldemar.

Tytul oryginalu: Dieta w wyprysku kontaktowym alergicznym

Tytul caloci: Dieta w chorobach skéry / pod red. Waldemara Placka

Adres wydawniczy, liczba stron: Lublin : Wydawnictwo Czelej. 2015, s. 71-80 ; bibliogr.
p-ISBN: 978-83-7563-216-3

Jezyk publikacji: POL

Liczba arkuszy: 0.5

Data ukazania si¢ publikacji: 2015.06.01

Charakt. formalna: rozdzial (fragment) w ksiazce

Charakt. merytoryczna: praca oryginalna

Afiliacja: Jedrowiak Anna [ J:000:000, Markiewicz Agnieszka [*] 0000-0001-5609-303X:889:17, Placek
Waldemar [*] 0000-0001-8310-9199 1273980:264:17

25.

IDT: 0000019071,

Rok: 2015

Autorzy: Markiewicz Agnieszka, Richter Julita, Placek Waldemar.

Tytul oryginalu: Wstep. Znaczenie i historia diety w dermatologii

Tytul calosci: Dieta w chorobach skéry / pod red. Waldemara Placka

Adres wydawniczy, liczba stron: Lublin : Wydawnictwo Czelej, 2015, s. 1-5

p-ISBN: 978-83-7563-216-3

Jezyk publikacji: POL

Liczba arkuszy: 0.25

Data ukazania si¢ publikacji: 2015.06.01

Charakt. formalna: wstep, edytorial, przedmowa, wprowadzenie, poslowie, nota wydawnicza
Charakt. merytoryczna: praca oryginalna

Afiliacja: Markiewicz Agnieszka [*] 0000-0001-5609-303X:889:17, Richter Julita [ ]:000:000, Placek
Waldemar [*] 0000-0001-8310-9199 1273980:;264:17

26.

IDT: 0000037765.

Rok: 2015

Autorzy: Zajac Natalia, Markiewicz Agnieszka, Chuchla-Szczupacka Katarzyna, Owczarczyk-Saczonek
Agnieszka, Placek Waldemar.

Tytul oryginalu: Toczen odmrozinowy - Opis przypadku

Tytul réwnolegly: Chilblain lupus erythematosus - A case report
Czasopismo: Przeglad Dermatologiczny

Opis fizyezny: 2015, 102 (1), s. 14-18 : bibliogr. 17 poz.
p-ISSN: 0033-2526

Jezyk publikacji: POL

DOI: 10.5114/dr.2015.49195

open-access-text-version: FINAL _PUBLISHED
open-access-licence: CC-BY-NC-SA

Sinlioteko Uniwenylocka o-mai t r
Joworsytot W b0 Mtk w ONynik 1 95233309
I ® » L 0L

Oprac.: mgr Monika Bartnik, Dziat Informacji Naukowe] BU UWM, tel. 89 523 49 57, 89 524 51 87; bib.oin@uwm.edu.pl

13

66



-

IUI BIBLIOTEKA UNIWERSYTECKA
|A|V a UWM W OLSITYNIE

-

open-access-release-time: AT PUBLICATION

open-access-article-mode: OPEN_JOURNAL

Data ukazania si¢ publikacji: 2015.04.01

Charakt. formalna: artykul w czasopi$mie polskim

Charakt. merytoryczna: praca kazuistyczna

Inne bazy podajace opis: Scopus : Web of Science Core Collection

Punktacja MNiSW: 12.000

Dyscypliny ¢ pi na podstawie wykazu MNiSW z 2021.12.21: nauki farmaceutyczne:nauki
medyczne:nauki o zdrowiu;weterynaria

Tytul czasopisma w wykazie MNiSW z 2021.12.21: Przeglad Dermatologiczny

Afiliacja: Zdanowska Natalia [*] 0000-0001-8939-4680:264;17, Markiewicz Agnieszka [*] 0000-0001-5609-
303X:889:17, Chuchla-Szczupacka Katarzyna [ ]:000:000, Owczarczyk-Saczonek Agnieszka [*] 0000-0002-
8660-4889 3938531:264:17, Placek Waldemar [*] 0000-0001-8310-9199 1273980:264:17

27.

IDT: 0000037761.

Rok: 2013

Autorzy: Placek Waldemar, Markiewicz Agnieszka, Zajac Natalia, Bzdawski Maciej.

Tytul oryginalu: Rogowacenie sloneczne definicja, etiopatogeneza i mozliwosci terapeutyczne

Tytul rownolegly: Actinic keratosis definition, aetiopathogenesis and therapeutical approach
Czasopismo: Przeglad Dermatologiczny

Opis fizyczny: 2013, 100 (3), s. 171-177 : bibliogr. 29 poz.

p-ISSN: 0033-2526

Jezyk publikacji: POL

Data ukazania si¢ publikacji: 2013.06.01

Charakt. formalna: artykul w czasopi$mie polskim

Charakt. merytoryczna: praca przegladowa

Inne bazy podajace opis: Web of Science Core Collection ; Scopus

Punktacja MNiSW: 6.000

Dyscypliny ¢ pi na podstawie wykazu MNiSW z 2021.12.21: nauki farmaceutyczne:nauki
medyczne:nauki o zdrowiu:weterynaria

Tytul czasopisma w wykazie MNiSW z 2021.12.21: Przeglad Dermatologiczny

Afiliacja: Placek Waldemar [*] 0000-0001-8310-9199 1273980:264:17, Markiewicz Agnieszka [*] 0000-0001-
5609-303X:889:17, Zdanowska Natalia [*] 0000-0001-8939-4680:264:17, Bzdawski Maciej [*]:264:17

14

I " . -

Oprac.: mgr Monika Bartnik, Dziat Informacji Naukowe] BU UWM, tel. 89 523 49 57, 89 524 51 87; bib.oin@uwm.edu.pl

Markiewicz A, Sigorski D, Markiewicz M, Placek W, Owczarczyk-Saczonek A. mRNA
expression of caspase-14 in skin epithelial malignancies. Advances in Dermatology and
Allergology/Postepy Dermatologii i Alergologii. 2023;40(2):315-320.
doi:10.5114/ada.2023.127646.

IF:1,664 MNiSW: 70

67



