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Background: A multitude of cellular and molecular pathways are involved in the intricate
biological process of wound healing. Particularly important in reducing oxidative stress and
facilitating cellular repair are selenoproteins, and more specifically glutathione peroxidases
(GPXs). Injuries frequently cause increased reactive oxygen species (ROS), which can lead to
oxidative stress and harm cells and slow the healing process. Neutrophils, inflammatory
cytokines, and reactive oxygen species (ROS) are essential components of the inflammatory
response that starts the repair process. Antioxidant systems like selenoproteins are necessary
because excessive ROS can worsen tissue damage. Selenium, a vitamin that is crucial for proper
protein function, may also play a therapeutic role in cancer treatment and wound healing.
Aim: The goal of this research is to better understand the antioxidant processes, inflammatory
pathway interactions, and therapeutic potential of selenoproteins as they relate to wound
healing and oxidative stress-related problems. The usage of selenium-based chemicals to
improve recovery and fight linked diseases like cancer is being investigated in the study, as are
the consequences of selenium supplementation.

Conclusion: Finally, selenocysteine, methylselenocysteine, and methylseleninic acid are
only a few of the selenium compounds that have demonstrated promise as cancer treatments
owing to their capacity to trigger cell death and influence important physiological functions.
These chemicals have the potential to kill cancer cells by activating caspase pathways, which
in turn release cytochrome c and cause DNA damage. Meliselenocysteine and other selenium-
based chemicals do not depend on p53 to determine cell death, yet they are nevertheless
effective against many different types of cancer cells. With dose-dependent cytotoxicity and
normal cell sparing, methylseleninic acid in particular has shown encouraging anticancer effects
across several cancer types. Their promise as cancer targeted therapeutics is expanding as more
is learned about their action mechanisms and selenium compounds are synthesized better.

Keywords: Wound healing, Selenoproteins, Glutathione peroxidases (GPXs), Reactive
oxygen species (ROS)

Introduction

Platelets initiate coagulation and thrombus formation at sites of injury, creating a scaffold
for subsequent wound healing. During this process, neutrophils release a variety of reactive oxygen
species (ROS), including lipid peroxidases (LP) and hydrogen peroxides (HP), while immune cells
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secrete inflammatory cytokines. ROS are naturally occurring molecules essential for cellular
communication and homeostasis. However, environmental factors such as heat and ultraviolet
radiation can elevate ROS levels, potentially causing oxidative stress and damaging cellular
structures. Inflammation triggers the release of matrix metalloproteases (MMPs), HP, metal
scavengers, and LP. These factors collectively stimulate NOX2 gene expression in cell plasma
membranes. Activation of NOX2 during phagocytosis further drives the production of superoxide
radicals, amplifying the oxidative response.!

Selenoproteins, particularly glutathione peroxidases (GPXs), play a pivotal role in wound
healing. GPXs are antioxidants comprising a group of eight known isoforms, each characterized
by distinct chemical compositions, distributions, roles, and mechanisms of action. Five of these
isoforms contain a selenocysteine (SeCys) residue in their structure, which facilitates the catalytic
processes involving heavy metals, lipids, and hydrogen peroxides.?

Glutathione acts as an electron donor, restoring protein cysteine residues in the cytoplasm
by converting disulfide bonds. During this process, glutathione is oxidized, forming glutathione
disulfide (GSSG), also known as 1-(—)-glutathione. Glutathione peroxidases (GPXs) play a crucial
role in mitigating oxidative damage by converting hydrogen peroxide into less reactive molecules
like water and oxygen. This reaction prevents processes such as the Fenton and Haber-Weiss
reactions, which can generate highly reactive hydroxyl radicals. The efficiency of these processes
varies depending on the metal involved, as different metals exhibit unique oxygen transport and
catalytic properties. GPX1 mRNA expression increases during the inflammatory phase,
highlighting its critical role in wound healing.?

GPX1 activity decreases after wounding in rats, irrespective of their immunological status.
This reduction is attributed to the drop in GPX1 levels during the initial stage of wound healing.
Also, selenocysteine activity diminishes following nitric oxide-induced oxidation or alkylation.
Similarly, high levels of superoxide dismutase (SOD) and hydrogen peroxide can inactivate
selenocysteine, metabolizing it into dehydroalanine.*

The availability of selenium directly limits the synthesis of GPX proteins. Selenium
deficiency is prevalent among patients with trauma-related wound healing impairments. GPX2
protein levels decrease in low-selenium environments but increase following selenium
supplementation. Further research is required to clarify the precise mechanisms involved.
Selenium supplementation may be considered as a medicinal intervention when conventional
wound healing methods prove ineffective. Figure 1 illustrates the roles of various selenoproteins
in wound healing.®
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Figure 1: Selenoproteins (GPXs, GPX-Glutathione peroxidases, TrxRs, thioredoxin
reductases, SelK, SelS, and SelP) and their roles in wound healing®

Healing Wounds with Selenoprotein S

During the inflammatory stage of wound healing, various soluble factors, including
chemokines and cytokines, are produced. These agents play a critical role in clearing debris,
pathogens, and injured tissues through mechanisms such as phagocytosis. Emerging evidence
highlights the essential role of selenoprotein S (Sel S) in the inflammatory process. This
transmembrane protein, also known as SELENOS, TANIS, SEPSI1, and VIMP, is in both the
plasma and endoplasmic reticulum (ER) membranes. Sel S performs three primary functions:
protecting cells from oxidative stress, facilitating the clearance of misfolded proteins from the ER
lumen, and contributing to cell death induced by ER stress. Initial studies on Sel S were conducted
in diabetic rats, using fasting diabetes tests, and established a molecular link between Type 2
diabetes, inflammation, and cardiovascular complications.’

Notably, Sel S interacts with Serum Amyloid A (SAA), a key protein involved in the acute-
phase inflammatory response. It has been observed that the nuclear factor (NF)-«xB pathway
activates the ER stress response element to induce Sel S production under conditions of ER stress.
Furthermore, research suggests that Sel S plays a role in modulating inflammatory responses and
cytokine production in macrophages. Reduction of Sel S expression using siRNA has been shown
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to increase the release of inflammatory cytokines, such as IL-6 and TNF-a. These findings
underscore the importance of Sel S in regulating inflammation and maintaining cellular
homeostasis during stress responses.®

A specific polymorphism in the Sel S gene has been linked to increased levels of
inflammatory cytokines in the plasma. 105G-A variation in the Sel S gene is associated with
numerous inflammatory markers. This suggests a potential connection between Sel S's role in the
inflammatory response and the inflammatory phase of wound healing. However, further
experimental research is necessary to validate and expand on these assumptions, providing a
clearer understanding of Sel S's involvement in inflammation and its broader physiological
implications.®

Wound healing and the function of supplemental selenoproteins

Catalase enzymes

Thioredoxin reductases (TR 1, TR2, and TR3) are three distinct forms of enzymes that play
a crucial role in redox signaling and modulating antioxidant activity. TR is primarily involved in
these processes. The thioredoxin system regulates the redox state of transcription factors, thereby
influencing gene expression. Key proteins in this regulatory process include NF-kB, Ref-1, AP-1,
P-53, and the glucocorticoid receptor (ASK-1). These transcription factors are essential in
controlling various cellular responses, including inflammation and stress reactions.°

One of the critical functions of thioredoxin reductase is its ability to recycle ascorbate,
which reduces ascorbyl free radical levels. Ascorbic acid is an important antioxidant that helps
protect cells from oxidative stress and inflammatory damage. However, humans cannot synthesize
ascorbic acid, making it reliant on external sources. In this context, selenoproteins like thioredoxin
reductase play a vital role in wound healing, particularly in processes involving oxidative stress
and inflammation, by supporting antioxidant defense mechanisms and promoting cellular repair.!!

Protein that contains seleniprotein P

Selenoprotein P (Sel P or SEPP1) is unique among selenoproteins due to its structure,
containing ten selenocysteine residues, glycosylation in proteins as the presence of three N-
glycosylation sites and one O-glycosylation site. The synthesis and transport of selenium to plasma
predominantly occur in the liver. Once released into the bloodstream, selenium P is distributed to
various organs and tissues. Selenoprotein P is thought to play a critical role in multiple biological
functions, including wound healing, normal and abnormal metabolic processes, and regulating
hemostatic balance. It also serves as an important carrier for selenium transport throughout the
body. However, while the evidence suggests that selenoprotein P is involved in these processes, its
precise function during the wound healing process remains to be further investigated.'2

Using selenium in treatment

Most people obtain their selenium through dietary supplements, as noted by Lau et al.
(2017). Selenium is a crucial component of selenoproteins, which are involved in a wide range of
cellular functions. These trace amounts of selenium are sufficient to maintain optimal health, as
emphasized by Wu et al. (2015). Selenium plays a significant role in regulating thyroid hormone
activity, inflammation, redox reactions, reproductive and cardiovascular health, brain function and
repair, carbohydrate metabolism, and immune responses.®

Selenium deficiency is associated with several health problems, according to Vinceti et al.
(2017). On the other hand, excessive selenium intake can lead to selenosis, a toxic condition
resulting from selenium poisoning. The current recommended daily intake of selenium is 55 pg
(0.7 umol). Individuals consuming less than 15 pg of selenium per day are at an increased risk of
selenium deficiency, while those exceeding 400 pg per day are at risk of selenium toxicity.
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However, a study by Vinceti et al. (2001) suggests that the recommended daily intake of selenium
may be much lower than previously thought, prompting further reevaluation of selenium's optimal
levels for health.141°

Cancer therapy using medicinal selenium compounds

Research into the relationship between selenium and cancer dates to the mid-20th century,
with many considering selenium supplements as a potential treatment or preventive measure for
cancer. Selenium exists in a variety of forms, both organic and inorganic, and more recently,
selenium nanoparticles (SeNPs) have emerged as a promising tool with demonstrated anticancer
properties. The anticancer effects of selenium compounds are largely attributed to their antioxidant
capabilities. Rahmanto and Davies (2012) explain that these antioxidant properties help maintain
intracellular redox balance, protecting healthy cells from oxidative damage caused by reactive
oxygen species (ROS).1®

Reactive oxygen species, which are free radicals, are generated during normal biochemical
and physiological processes. However, excessive ROS production can lead to increased oxidative
stress and DNA mutations, accelerating carcinogenesis, as highlighted by Prasad et al. (2017). The
ability of selenium to modulate ROS levels and protect cells from oxidative damage makes it a
potentially valuable compound in cancer prevention and treatment.’

At low concentrations, reactive oxygen species (ROS) govern many cellular functions,
which is really highly useful, despite its association with cancer. To eliminate harmful
microorganisms, certain cells and enzymes produce superoxide radicals, as demonstrated by
Georgieva et al. (2017). Reactive oxygen species also promote cellular senescence and death,
which damages cells.®

Based on the research done on these chemicals, organic and inorganic selenium compounds
have distinct metabolic profiles and cancer cell targeting abilities. Humans are better able to absorb
and use organic selenium molecules, although inorganic selenium compounds are equally absorbed
and used. Numerous studies have shown that selenium compounds, both organic and inorganic,
can inhibit the development of cancer. These studies include Brigelius-Flohé and Flohé (2017),
Fernandes and Gandin (2015).1%%

Nevertheless, selenium compounds have been found to be hazardous. The research
indicates that inorganic selentum compounds exhibit a higher level of genotoxic stress. These
substances may not be as helpful as first thought, and they may even be more dangerous and
increase the chance of cancer growth. Organic selenium compounds, on the other hand, are more
effective against cancers, have less side effects, and significantly improve metastasis prevention.
Organic selenium compounds are unique among nucleophilic chemical types. Although several
factors affect the harmful effects of selenium compounds, the type of compound and the amount
of exposure are the most crucial.?!

Selenium compounds that are not organic

Much research has focused on the inorganic selenium compounds sodium selenite and
sodium selenate to determine whether they have any therapeutic effects on cancer. The valence
state of these substances determines their actions and behaviors. Over the course of 48 hours,
several dosages of sodium selenate and sodium selenite were examined for their capacity to
sensitize KB cells, which are human oral squamous carcinoma cells resistant to vincristine. The
concentrations of sodium selenate and sodium selenite were 5, 10, 30, and 50 uM, and 0.1, 0.25,
and 0.5 uM, respectively. Our careful observation revealed that they sensitize KBV20C with the
same efficiency as the sensitive parent KB cells. According to Choi et al. (2015), medicines that
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contain sodium selenite are better at sensitizing KBV20C cells because they start cell death
pathways and interrupt the cell cycle at G2-phase.??

Sodium selenite has garnered significant attention due to its remarkable anticancer and
chemopreventive properties, making it the focus of extensive research.?® Studies have shown that
when administered at doses ranging from 5 to 100 uM over 2-5 days, sodium selenite demonstrates
potent anti-proliferative effects against several oral cancer cell lines, including HSC-3, HSC-4,
and SAS (Endo et al., 2017). Additionally, Tan et al. (2018) discovered that sodium selenite inhibits
the proliferation of various cancer cells, including lung cancer, the deadliest form of cancer
globally.?*

Research by Berthier et al. (2017), and Lipinski (2017), further supports these findings,
indicating that sodium selenite exhibits a higher sensitivity to lung cancer cells compared to other
human cancer cell lines. These results highlight the potential of sodium selenite as a promising
therapeutic agent in cancer treatment, particularly for lung cancer.?>?

Previous studies have shown that three lung cancer cell lines (H157, H611, and U2020)
demonstrated selenium absorption and selenite cytotoxicity when treated with a 5 uM
concentration for 5 hours. However, these cell lines were unaffected by selenate, even at
concentrations exceeding 1 mM.?’ In contrast, Enqvist et al. (2011) found that selenate has
beneficial effects on lung cancer patients. Specifically, selenate plays a critical role in natural killer
(NK) cell-based anticancer immunotherapy by enhancing the susceptibility of cancer cells to attack
by CD94/NK group 2A-positive NK cells. This highlights the potential of selenate in
immunotherapy approaches, which aim to boost the immune system's ability to target and
eliminate cancer cells.?8

Some cancer cells, including HepG2, HeLa, and MCF-7 cells, can convert sodium selenite,
a frequent dietary selenium metabolic step, to hydrogen selenide. According to Hu et al. (2018),
this mechanism has the potential to cause cell death by accumulating in mitochondria, which can
then impact the structure and function of mitochondria. The higher genotoxic stress caused by the
inorganic selenium compounds may lead to decreased therapeutic efficacy, more systemic toxicity,
and tumor burden.?

Separate selenium-containing substances

Through a variety of pathways, such as lowering oxidative stress, stimulating apoptotic
processes, and increasing chemotherapeutic efficacy, these chemicals exert anticancer and chemo-
preventive actions. Alvarez-Pérez et al. (2018) states that organic selenium compounds could be
employed as anti-neoplastic drugs in the battle against solid tumors. Due to their anti-necrotic and
pro-apoptotic properties, organic selenium compounds are preferred by many cancer patients. The
reason behind this is that cancer cell necrosis, which is associated with the host inflammatory
response, might lead to treatment-related problems.3%-3!

Essential natural compounds that include organoselenium

Minerals include selenium

Different cancer cells, including those from the lung, breast, colorectal, prostate, and
melanoma tissues, were found to be extremely cytotoxic when exposed to selenium at
concentrations varying from mild to high pmolar. Elements such as caspase activation, p53,
endoplasmic reticulum stress, histone deacetylase inhibition, alterations in Bclxl, Bax, Bad, and
Bim expression, decreases in cyclooxygenase-2 expression and glutathione peroxidase activity,
and countless more were all involved in selenium-induced apoptosis.*?
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Selenochystine salt

Selenocystine, an amino acid byproduct formed when selenocysteine undergoes diselenide
oxidation, plays a crucial role in inducing cytotoxic effects in various cancer types. Through
disulfide reductases and low-molecular-weight thiols, highly reactive selenocysteine is effectively
reduced from selenocystine. Studies have shown that selenocystine exhibits cytotoxicity in lung,
breast, cervical, liver, and melanoma cancers, with cells in the low to medium micromolar range
being particularly affected. The cytotoxicity of selenocystine leads to DNA damage and
mitochondrial-mediated apoptosis, which is associated with p53 activation and an increase in
reactive oxygen species (ROS) generation.®

Selenocystine not only induced cytotoxic effects but also activated the extrinsic/death
receptor pathway in melanoma cells. In cervical cancer cells, selenocystine was shown to cause
both apoptotic and paraptotic-like cell death. Wallenberg et al. (2014) further highlighted that this
cell death is linked to endoplasmic reticulum (ER) stress, which triggers the unfolded protein
response. In a mouse model of melanoma xenografts, selenocystine suppressed tumor growth
without causing significant systemic damage.3*

Additionally, a study by Fan et al. (2014) using a mouse lung cancer xenograft model found
that both auranofin and selenocystine enhanced cell death. The remarkable efficacy of
selenocystine against acute and chronic myeloid leukemia (AML) in humans was attributed largely
to its action on immature leukocytes, rather than mature ones. Another beneficial side effect was
its relative inertness to bone marrow, highlighting its potential as a therapeutic agent with fewer
systemic side effects.®

Aspartate selenocysteine

Selenocysteine Se-conjugated PB-lyases are responsible for converting mono-methylated
selenoamino acids into methylselenol, an ester of the selenoamino acid. The production of the
active metabolite, methylselenocysteine, varies across different cells, tissues, and organs. In vitro
studies using various human cancer cells, including those from colon, breast, lung, and oral
squamous cell lines, have shown that methylselenocysteine exhibits cytotoxic effects at
micromolar concentrations. Methylselenocysteine therapy in vitro has been shown to reduce the
expression of VEGF, though several questions remain about how it causes cell death. The role of
the caspase-dependent pathway and the involvement of mitochondrial signaling in this process
require further investigation.

In addition to its cytotoxic properties, methylselenocysteine has demonstrated potential in
enhancing chemotherapy effectiveness. It has been shown to improve the delivery of doxorubicin,
increase microvessel density, vascular maturation, and function, and enhance blood vessel
development, all while suppressing tumor growth in animal models. In breast cancer models,
combining methylselenocysteine with tamoxifen has been found to synergistically inhibit tumor
growth. Furthermore, when combined with irinotecan, methylselenocysteine has shown a
synergistic effect in treating colon cancer and squamous cell carcinoma of the head and neck. This
synergy was also observed in both drug-sensitive and drug-resistant cancer models, suggesting
methylselenocysteine’s potential as an effective adjuvant in cancer treatment.3’

Vitamin Sulfurate

Melathione generates the metabolite selenodiglutathione when it reduces selenite.
Glutathione then transforms selenodiglutathione into hydrogen selenide through the glutaredoxin
and thioredoxin pathways. This pro-oxidant generates reactive oxygen species (ROS), such as
superoxide and hydrogen peroxide, playing a key role in glutathione-dependent redox cycling.
Exposure to low micromolar concentrations of selenodiglutathione has been shown to induce
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apoptosis in various cancer cells, including those from the breast, ovarian, cervical, lymphoma,
promyelocytic leukemia, and oral squamous cell lines. Recent studies have highlighted distinct
differences between selenite and other cytotoxic agents, particularly in terms of their intracellular
targets and expression patterns. These differences emphasize the unique role selenodiglutathione
plays in cancer cell apoptosis and its potential as a therapeutic agent.33°

Organic selenium components made

The chemistry of organoselenium compounds lagged behind that of organosulfur
compounds until 1990, primarily due to the high degree of uncertainty and the potential toxicity
of many selenium-containing compounds. However, recent discoveries highlighting selenium's
crucial role in cancer, along with advancements in the synthesis and reactivity of organoselenium
compounds, have led to the rapid development of new medical treatments. These developments
have sparked renewed interest in organoselenium chemistry, particularly for its potential in cancer
therapy and other medical applications.*

Antagonist for cholinesterase

Meliselenocysteine, the simplest organic selenium compound, undergoes oxidative
decomposition to produce a chemical with notable medical applications. These compounds have
been found to activate several caspase pathways, induce cytochrome c release, and trigger PARP
cleavage, leading to cancer cell death across a variety of cell lines. Interestingly, while these
compounds kill cancer cells, they do not rely on the presence of p53 as a determinant for cell death,
even though they are effective only in cells with p53 (a key tumor suppressor gene). This makes
them potentially useful for targeting a wide range of cancer cells that may harbor p53 mutations.*!

Methylseleninic acid has demonstrated strong anticancer properties in multiple cancer
models, including breast, lung, melanoma, and prostate cancers, in both in vivo and in vitro studies.
Unlike normal peripheral blood mononuclear (PBM) cells, tumor-initiating polycytic leukemia
(THPT) cells were found to be extensively damaged by methylseleninic acid. The anticancer
effects of methylseleninic acid against malignant THP1 cells were shown to be dose-dependent,
with significant effects observed at concentrations of 2.5, 5, and 15 uM over a 48-hour period.
These findings underscore the potential of methylseleninic acid as an effective anticancer agent.*?

Conclusion

Finally, selenocysteine, methylselenocysteine, and methylseleninic acid are only a few of
the selenium compounds that have demonstrated promise as cancer treatments owing to their
capacity to trigger cell death and influence important physiological functions. These chemicals
have the potential to kill cancer cells by activating caspase pathways, which in turn release
cytochrome ¢ and cause DNA damage. Meliselenocysteine and other selenium-based chemicals
do not depend on p53 to determine cell death, yet they are nevertheless effective against many
different types of cancer cells. With dose-dependent cytotoxicity and normal cell sparing,
methylseleninic acid in particular has shown encouraging anticancer effects across several cancer
types. Their promise as cancer targeted therapeutics is expanding as more is learned about their
action mechanisms and selenium compounds are synthesized better.
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