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ABSTRACT

In recent years, the use of probiotics in dermatology and cosmetology has been demonstrating a notable
rise, offering both preventive and therapeutic benefits for the skin. The intestinal microbiota plays crucial
roles, including enzymatic degradation of dietary fiber, starch, proteins, and fats, as well as the synthesis of
vitamins B, K, nicotinic acid, amino acids, and various metabolites. The use of multicomponent probiotics
composed of strains of the genus Bacillus is a promising way to optimize the positive effects of these
microorganisms in dermatological and cosmetic practice and avoid their undesirable effects.

Keywords: Bacillus; Probiotics; Dermatology; Cosmetic Microbiology.

RESUMO

Nos dltimos anos, o uso de probidticos em dermatologia e cosmetologia tem demonstrado um aumento notavel, ofere-
cendo beneficios preventivos e terapéuticos para a pele. A microbiota intestinal desempenha papéis cruciais, incluindo
a degradagdo enzimatica de fibras alimentares, amido, proteinas e gorduras, bem como a sintese de vitaminas B, K,
acido nicotinico, aminodcidos e varios metabélitos. A utilizagio de probiéticos multicomponentes compostos por cepas do
género Bacillus é uma forma promissora de otimizar os efeitos positivos desses microrganismos na pratica dermatoldgica
e cosmética e evitar seus efeitos indesejaveis.

Palavras-chave: Probidticos; Dermatologia; Bacillus; Microbiologia de Cosméticos.
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INTRODUCTION

According to the Consensus Statement proposed by the
International Scientific Association for Probiotics and Prebiotics
(ISAPP), the term “probiotic” should be applied to living mi-
croorganisms that, when consumed in adequate quantities, have
a positive effect on the health of the host.! This definition is also
employed by the World Gastroenterological Organization.

In recent years, the use of probiotics in dermatology and
cosmetology has been demonstrating a notable rise, offering
both preventive and therapeutic benefits for the skin. This trend
has been extensively explored in current publications.? It is no-
teworthy that these beneficial effects are achieved not only by
oral intake of probiotic microorganisms, but also by their direct
contact with the skin. It is also worth emphasizing that not only
compromised skin, but also healthy skin, exhibits favorable res-
ponses to the ingestion of probiotic bacteria.’

The extensive adoption of probiotics in dermatology and
cosmetology is supported by basic research findings which have
highlighted the presence of functional and metabolic connec-
tions between the gut microbiota and skin health (known as the
“gut-skin axis”). These studies have also elucidated the antio-
xidant, anti-inflammatory, antiproliferative, and histoprotective
properties of the normal intestinal and skin microbiota, as well as
its ability to safeguard connective tissue biopolymers and impede
aging of the skin.

Current knowledge of the relationship between
the gut microbiota and skin health

The human gastrointestinal tract harbors more than
100 trillion microorganisms primarily consisting of bacteria,
although viruses, fungi, and protozoa are also present.* In the
colon, the density of bacterial cells is estimated to range from
10" to 10" per ml, making this segment of the intestine one
of the most densely populated microbial ecosystems on Earth.
Almost 10 million genes have been identified in the gut mi-
crobiome, while the human genome consists of approximately
23,000 genes.*

The intestinal microbiota plays several crucial roles, in-
cluding enzymatic degradation of dietary fiber, starch, proteins,
and fats, as well as the synthesis of vitamins B and K, nicotinic
acid, amino acids, and various metabolites. It also serves to sa-
feguard the host organism against pathogenic microorganisms
through mechanisms such as microbial antagonism, pH regula-
tion, production of antimicrobial compounds, and modulation
of cell signaling. Thus, the intestinal microbiota has a profound
impact on both innate and adaptive immunity.®

Alteration in the species composition and spatial distri-
bution of the intestinal microbiota, known as dysbiosis, can re-
sult in disruption of the barrier function of the colon® and is
implicated in the pathogenesis of various conditions, including
pseudomembranous (or “antibiotic-associated”) colitis, ulce-
rative colitis, colorectal cancer, obesity, type 2 diabetes mellitus,
atherosclerosis, steatohepatitis, autoimmune diseases, osteoarth-

ritis, and disorders of the nervous system such as multiple sclero-
sis, neurodegenerative diseases, epilepsy, depression, autism, and
schizophrenia.®”

Microorganisms are known to colonize the human intes-
tine at birth. During early development, the composition of the
gut microbiome undergoes changes until it reaches a relatively
stable state. The human intestine contains approximately 1000
different species of bacteria classified into phyla such as Bacte-
roidetes, Firmicutes, Actinobacteria, Proteobacteria, Verrucomi-
crobia, Fusobacteria, Tenericutes, Spirochaetes, Cyanobacteria,
and Saccharibacteria.' One of the most notable alterations in
the gut microbiome is the Firmicutes/Bacteroidetes ratio, as an
increase in Firmicutes has been reported in cases of obesity.

It has been established that the gut microbiome synthesi-
zes a minimum of 30 bioregulatory compounds, including shor-
t-chain fatty acids, secondary bile acids, trimethylamine, corti-
sone, glucagon-like peptide-1, peptide Y, ghrelin, and leptin, as
well as several neurotransmitters such as gamma-aminobutyric
acid, serotonin, dopamine, and norepinephrine.'" Certain mem-
bers of the intestinal microbiota can respond to host-secreted
hormones.These bioregulators, generated by the gut microbiota,
enter the bloodstream and can influence distant organs and sys-
tems, including the skin.'

Table 1 provides an inventory of metabolic products ori-
ginating from the intestinal microbiota that possess the capability
to traverse the intestinal barrier, access the systemic circulation,
and impact the skin.'

Numerous studies have shown the mutual relations bet-
ween the colon microbiota and the functional and metabolic
state and structure of the skin through the impact of the former
on the immune system.

Short-chain fatty acids (monocarboxylic acids with a
chain length of up to 6 carbon atoms) are the byproducts of the
fermentation of undigested polysaccharides by intestinal bacte-
ria. Among these compounds, acetate, propionate, and butyrate
dominate in the gastrointestinal tract, constituting more than
95% of the total, with formate, valerate, caproate, and others
comprising the remaining fraction.” Acetate and propionate
are primarily produced by representatives of the Bacteroidetes
phylum, while bacteria of the Firmicutes phylum, including re-
presentatives of the Bacillales and Lactobacillales, are the main
sources of butyrate', a key enhancer of epithelial barrier func-
tion."> Excessive fat and sugar consumption with insufficient fi-
ber intake, as is typical in the Western diet, disrupts the balanced
Firmicutes/Bacteroidetes ratio. This is accompanied by an in-
crease in the permeability of the intestinal barrier that contribu-
tes to the development of inflammatory and immune diseases.'®
The amount of short-chain fatty acids also decreases with the
development of intestinal dysbiosis associated with the use of
broad-spectrum antibiotics."”

Recent research has demonstrated that dietary fiber and
short-chain fatty acids are able to modulate the immune respon-
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TABLE 1: Potential impact of metabolites produced by intestinal microbiota on the intestine and skin (adapted from™)

Bacterial metabolites

Documented or likely impact
on the intestine

Documented or likely impact
on the skin

Short-chain fatty acids
Gamma-aminobutyric acid
Dopamine

Serotonin

Phenol and para-cresol

Anti-inflammatory effect
Modulation of neurotransmitters
Modulation of neurotransmitters
Modulation of neurotransmitters

Biomarkers of intestinal dysbiosis

Anti-inflammatory effect
Anti-pruritic effect
Suppression of hair growth
Melanogenesis

Disruption of epidermal barrier function

se in various inflammatory conditions, extending their impact
beyond the intestine to distant organs like the lungs'® and skin."
The anti-inflammatory effect of these acids is attributed to the
inhibition of the histone deacetylase enzyme by butyrate and
propionate®
tein-coupled receptors such as GPR109A (known as the niacin

, as well as the activation of metabotropic G-pro-

receptor) by butyrate, and GPR41 (commonly referred to as the
free fatty acid receptor 3, FFAR3) and GPR 43 (FFAR2) by ace-
tate, propionate, and butyrate. The inhibition of histone deacety-
lase with concurrent activation of histone acetyltransferase re-
sults in epigenetic post-translational modifications, accompanied
by a reduction in the expression of proinflammatory cytokines,
consequently restraining the systemic inflammatory response.

It has been revealed that GPR109A can activate colon
macrophages and dendritic cells, promoting the differentiation of
T-regulatory lymphocytes, which are responsible for producing
the anti-inflammatory cytokine interleukin (IL)-10.*" Additio-
nally, this receptor is able to block lipopolysaccharide (LPS)-in-
duced activation of the transcription factor kappa B (NF-uB).*
The signaling pathway associated with this receptor plays a key
role not only in colon inflammation but also in the development
of various skin conditions, including psoriasis, inflammatory di-
sorders such as incontinentia pigmenti, sunburn, allergic contact
dermatitis, autoimmune diseases, and skin cancer.” This suggests
that GPR109A could be a promising therapeutic target for the
treatment of skin diseases.

Recent evidence highlights that children and infants
with dermatitis or a predisposition to allergic sensitization have
a gut microbiota with diminished capacity for producing short-
~chain fatty acids, notably butyrate.?* These findings support the
hypothesis that a low fiber intake, typical of Western lifestyles,
may contribute to impairment of the skin barrier and subse-
quent susceptibility to early allergen sensitization. In line with

this, Trompette et al.?

, using an experimental model of atopic
dermatitis, demonstrated that a diet enriched in fermented die-
tary fiber reduced systemic allergen sensitization and disease
severity. The authors attribute this effect to the production of
short-chain fatty acids, particularly butyrate, which enhances the
functionality of not only the intestinal barrier but also the skin

barrier through the induction of epidermal keratinocyte difte-

rentiation and the production of essential structural components
of the epidermis.

Other metabolites produced by the intestinal microbiota
have been found to impact skin function. For instance, bacte-
rially produced gamma-aminobutyric acid (GABA), similarly to
its endogenous counterpart, acts as an inhibitory neurotransmit-
ter and thus possesses the ability to suppress neurons responsible
for signaling skin itching.*® In a mouse model of atopic derma-
titis, GABA demonstrated the ability to ameliorate skin lesions
by rebalancing the levels of T helper cells of the Th1 and Th2
types, with a shift towards a predominance of Th1 cells.”” GABA
is also able to inhibit matrix metalloproteinase-1 (MMP-1), an
enzyme involved in the breakdown of type I collagen, and in-
crease the expression of human type I collagen (COL1A1 and
COL1A2). These processes play an important for maintaining
skin elasticity.?

In turn, dopamine directly influences human hair fol-
licles, inhibiting hair growth by inducing the catagen (resting
stage) that is important for prevention of hirsutism and hyper-
trichosis.?” Serotonin is able to enhance melanogenesis through
the activation of 5-HT,, receptors.”

The development of intestinal dysbiosis alters the syste-
mic impact of gut microbiota metabolites. In such conditions,
the blood plasma concentration of bioactive toxins, specifically
phenol and para-cresol, which are byproducts of aromatic amino
acids, rises. At present, these compounds are considered biomar-
kers for intestinal dysbiosis. Recent research has demonstrated
their ability to reduce skin hydration and disrupt the epidermal
barrier function due to derangement of keratinocyte differen-
tiation.”!

Pathogenetic significance of the gut-skin axis

Regulating interactions between the host and microbiota
stands as a fundamental role of the immune system, and regions
inhabited by commensals, such as the skin and intestine, house
a substantial portion of the body’s immune cells. Given the pre-
dominant activity of the immune system, commensal microbial
communities significantly influence mucosal immunity. Limiting
the contact between microorganisms and the intestinal epithelial
membrane to minimize inflammatory reactions and microbial
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translocation is crucial for maintaining the host’s homeostatic
balance. To achieve this segregation, the intestinal epithelial cell
barrier, mucus layer, T cells, secretory immunoglobulin A, and
dendritic cells collaborate to establish a protective structure ter-
med the mucosal firewall. This structure restricts the movement
of commensal bacteria to lymphoid tissues, thus preventing the
development of inflammation."” Furthermore, intestinal cells in
their normal state demonstrate relatively low expression of Toll-
-like receptors, particularly types 2 and 4; this is associated with
insensitivity to bacterial LPS enhanced by the production of IL-
10 and TLR -inhibitory peptide by the colon mucosa.

The ability of the symbiotic microbiota to inhibit the
translocation of NF-#B to the nucleus and thus eliminate the
expression of several proinflammatory and prooxidant proteins,
as well as histolytic enzymes, contributes to the protection of
the host against inflammatory reactions to commensal microor-
ganisms.”

However, any alteration in the gut microbial diversity can
increase the vulnerability of the host and impair the immune
tolerance of the intestinal mucosa,” potentially impacting skin
health.*

This condition significantly diminishes the anti-in-
flammatory properties of the normal microbiota and creates an
environment for the passage of molecular structures associated
with microorganisms — known as microbe-associated molecular
patterns (MAMPs), such as LPS, peptidoglycan, flagellin, bacte-
rial DNA, etc. — across the compromised intestinal epithelial cell
barrier and into the systemic bloodstream. This can subsequently
lead to the onset of a systemic inflammatory response.®

For instance, the DNA of intestinal microbiota represen-
tatives has been detected in plasma samples from patients with
psoriasis. In a study involving 54 patients and 27 healthy controls,
bacterial DNA was identified in 16 out of 54 patients with pso-
riasis, while none was observed in the control group. Further-
more, patients with psoriasis were found to have an increase in
markers of systemic inflammatory response (y-interferon, IL-1[3,
IL-6, IL-12, and tumor necrosis factor-0) compared to healthy
controls. Bacterial DNA sequencing revealed the presence of
the same type of microorganisms commonly found in the intes-
tinal microbiota.!” Thus, the intake of MAMPs into skin tissues
results in the development of inflammation, structural damage,
and compromised epidermal barrier function.'” Based on con-
temporary theories, the development of intestinal dysbiosis in-
volves a series of pathophysiological events that contribute to
skin damage'’: increased permeability of the intestinal barrier
permitting the passage of microorganisms and their byproducts,
leading to B-cell hypersensitivity, T-cell deterioration, and re-
duced secretion of secretory immunoglobulins A; dysbiotic in-
testinal microbiota, toxic products, neurotransmitters, and alte-
red immune cells reach the skin tissue through the circulatory
system. This transition shifts the skin condition from a state of
health, characterized by a balanced microorganism composition
and an appropriate level of antimicrobial peptides (from both

human and bacterial sources) to a dysbiotic state; finally, MAMPs
from the dysbiotic intestinal and skin microbiota trigger signa-
ling cascades, such as NF-uB-dependent pathways, resulting in
the degradation of skin connective tissue, disruption of the epi-
dermal barrier function, inflammatory and immune-mediated
skin damage, and development of skin diseases and/or aging.

It is important to note the bidirectional nature of the gu-
t-skin axis. Exposure of the skin to ultraviolet B (UVB) radiation
has been shown to enhance the diversity of the gut microbiome,
likely mediated by vitamin D production.” Indeed, the concen-
tration of vitamin D in human serum was found to correlate
with the relative abundance of the genera Lachnospira and Fu-
sicatenibacter. Furthermore, disruptions in the skin barrier can
potentially contribute to pathological processes in the intestine
that are not directly linked to dysbiosis. For instance, sensitiza-
tion of the body to epicutaneous exposure to peanut protein
can result in immunoglobulin E-mediated intestinal infiltration
by mastocytes.*

Use of probiotics in dermatology and cosmeto-
logy

The probiotics most commonly used in dermatology and
cosmetology include some species of Lactobacillus, Bifidobacte-
rium, Enterococcus, and certain representatives of the Bacillus
genus. Notably, a systemic course of probiotics is emerging as a
novel approach to preserving skin health and function.

In recent years, several randomized, placebo-controlled
clinical trials have yielded compelling evidence for the efficacy
of oral probiotics in managing conditions such as atopic derma-
titis® * and psoriasis.” These studies report that the use of pro-
biotic microorganisms significantly improves the quality of life
of patients, reduces disease severity and the risk of relapse, and
normalizes inflammatory biomarker levels. Furthermore, a study
has provided supporting evidence for a therapeutic benefit of a
topical preparation containing Enterococcus faecalis fermenta-
tion products on the skin microbiome and the management of
acne vulgaris.” The Italian dermatologist Christian Diehl con-
ducted a comprehensive analysis of the mechanisms responsible
for anti-inflammatory and antioxidant effects of probiotics on
the human and mammalian body.> These mechanisms encom-
pass: the production of various metabolites with anti-inflamma-
tory and antioxidant properties, including butyrate, folate, and
glutathione, by probiotic microorganisms such as Bifidobacteria
and Lactobacillus fermentum; inhibition of NF-uB-dependent
production of pro-inflammatory cytokines, matrix metallopro-
teinases, and reactive oxygen and nitrogen species by Bacillus spp.
activation of the Nrf2-Keap1 signaling pathway — an antioxidant
response element (Bacillus spp. strain LBP32); a histoprotective
effect, which entails the inhibition of matrix metalloproteinase
expression (seen in L. acidophilus and L. plantarum), along with
anti-elastase and anti-collagenase activity (notably in L. casei,
L. diolivorans, L. rhamnosus, and lactobacillus exopolysaccharides);
inhibition of enzymes responsible for the production of reactive
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oxygen species, including NADPH oxidase and cyclooxygena-
se-2 (seenin L. fermentum CECT5716, L. coryniformis CECT5711,
and L. gasser1 CECT5714); chelation of metal ions, specifically
Fe2+ and Cu2+ cations (Streptococcus thermophilus 821, L. casel
KCTC3260,and L. helveticus CD6); and expression of enzymatic
antioxidants such as superoxide dismutase, catalase, and gluta-
thione peroxidase (seen in L. fermentum and L. lactis). In animal
experiments, probiotic bacteria have demonstrated the ability to
provide photoprotective effects when applied to the skin (e.g.,
Bifidobacterium breve, L. johnsonii, L. plantarum HY7714, and L.
acidophilus), accelerate the healing of skin wounds (as observed
with L. plantarum), improve skin barrier function (Streptococcus
thermophilus, L. plantarum, and Bifidobacterium breve), and enhan-
ce skin hydration (Bifidobacterium).> The ability of probiotics to
improve skin hydration and prevent photoaging was confirmed
in a randomized, double- blind, placebo-controlled clinical trial
in which L. plantarum HY7714 was taken orally by participants
with dry skin and wrinkles.” The laboratory of Theofilos Pou-
tahidis discovered a rejuvenating effect of probiotic bacteria on
the skin and fur of elderly mice.* According to the investigators,
consumption of probiotic yogurt causes a shift in the anagen
phase (the active phase of hair growth) with sebocytogenesis that
leads to the formation of thick and shiny fur due to induction of
the anti-inflammatory cytokine IL-10 and the neurohormone
oxytocin by bacteria. In older male mice treated with probiotics,
there was an observed increase in subcuticular folliculogenesis
when compared to the control group.** Additionally, the shinier
hair in the female experimental group was considered by the
researchers as a sign that correlates with fertility. However, it
is important to note that probiotic bacteria can have side ef-
fects when taken orally, including septic conditions (in cases of
intestinal barrier dysfunction and immunodeficiency), immune
and metabolic disorders, and outcomes resulting from horizontal
gene transfer.”” There have been reported cases of bacteremia
and sepsis associated with the consumption of probiotics contai-
ning L. acidophilus, L. casei, S. boulardii, L. rhamnosus, Bifidobacte-
rium breve, and Bacillus subtilis.

In the context of using probiotics for inflammatory skin
diseases, lactobacilli may pose a certain risk due to their ability to
activate the production of proinflammatory cytokines by type 1
T-helper cells.* Moreover, L. reuteri has been found to stimulate
autoimmune responses in a mouse model of lupus erythemato-
sus.”

Modern literature sources criticize the idea that probiotic
microorganisms can be effectively introduced to a stable bio-
film formed by the resident microbiota. Furthermore, species
within the Lactobacillus and Bifidobacterium genera are kno-
wn for their very slow growth and marked sensitivity to gastric
juice when taken orally, which impedes their passage through
the gastrointestinal tract.*® It is widely accepted that the impacts
of probiotic bacteria are primarily related to their direct effect
on epithelial and immune cells, as well as the maintenance of
problematic microbiota through the exchange of gases and me-

tabolites.*

Thus, the current scientific literature substantiates a need
to search for effective probiotic agents suitable for oral and topi-
cal administration in dermatology and cosmetology, while main-
taining a high safety profile. In this context, the use of represen-
tatives of the transient microbiota — in particular, spore-forming
bacteria within the Bacillus genus — as probiotics appears quite
promising. These microorganisms, despite their brief residence
in the intestine and their inability to integrate into the biofilm,
have the potential to positively influence its function, fortify
epithelial barriers, and counteract immune, inflammatory, and
metabolic disorders associated with intestinal and skin dysbiosis,
as well as underlying diseases and age-related changes.

Bacteria of the Bacillus genus as probiotics: po-
tential applications in dermatology and cosmetology

The genus Bacillus comprises 77 species, constituting a
substantial group of gram-positive, rod-shaped microorganisms
that are primarily aerobic, but can tolerate anaerobic conditions,
and form heat-resistant endospores.”” These bacilli, alongside
lactobacilli, constitute the major components of the colon mi-
crobiota. By producing catalase and subtilisin, bacilli can pro-
mote the growth and viability of Lactobacillus culture. It is no-
teworthy that certain bacilli, such as B. subfilis var. natto, have
been used in the fermentation of Asian foods since time imme-
morial. Most commercial Bacillus-based probiotics contain B.
subtilis, B. polyfermenticus, or B. clausii, and some include B. cereus,
B. coagulans, B. pumilus, and B. licheniformis, whose spores exhibit
stability during storage and resistance to temperature variations,
gastric acidity, and bile.”!

Upon reaching the mucous membranes of the oral cavity
and pharynx and encountering the gastric milieu, these spores
become activated and begin vegetative growth. Analysis of fecal
samples has revealed that probiotic strains of B. cereus, B. clausii,
and B. pumilus can persist in the gastrointestinal tract of mice for
up to 16 days.”” A number of reviews and original publications
highlight the benefits of probiotic strains of Bacillus, the most
important being their safety even at high concentrations, their
antagonism to a wide range of pathogenic and opportunistic
microorganisms, their ability to synthesize useful biologically
active compounds, their positive impact on the immune status
of the host organism, and their antimutagenic, antioxidant, an-
ti-inflammatory, histoprotective, and antiproliferative properties.
Bacillus strains also exhibit resistance to lytic enzymes, ensuring
high viability in the gastrointestinal tract, and are environmen-
tally safe.”!

According to recent studies, about 800 substances that
can be produced by bacilli possess antibacterial properties.
Among these compounds are bacteriocins, which are ribosomal
peptides or proteins undergoing post-translational modifications
(subtilin, erycin S, coagulin, and megacin), as well as antibiotics
(bacillisin and surfactin).®

The prospects for applying Bacillus bacteria as probiotics
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in dermatology and cosmetology have significantly expanded,
primarily due to their remarkable antioxidant, anti-inflamma-
tory, immunomodulatory, histoprotective, and antiproliferative
properties. Many of these properties can be attributed to the abi-
lity of bacilli to produce exopolysaccharides (EPS), high-mole-
cular-weight byproducts of bacterial metabolism.> For instance,
EPS derived from B. subtilis have been shown to effectively re-
gulate cytokine production by T-helper types 1 and 2%, promote
the polarization of macrophages toward the M2 phenotype®,
and reduce the expression of key components in proinflamma-
tory signaling pathways, including transcription factors NF-xB
and STATO, as well as Janus kinase 1 (JAK1).° These transcrip-
tion factors play pivotal roles in the pathogenesis of psoriasis and
other inflammatory skin disorders, as well as age-related disor-
ders. When B. subtilis was introduced into enterocyte cultures,
a notable reduction in the production of proinflammatory IL-8
and inducible NO synthase 1soforms in response to various sti-
muli (IL-1P, deoxynivalenol, and flagellin) was observed. This
reduction was attributed to the inhibition of NF-%B activation,
achieved by disrupting the degradation of the inhibitory protein
I%B.”” This study also demonstrated that certain strains of B. sub-
tilis are able to enhance the integrity of the intestinal barrier by
upregulating the expression of tight junction proteins. Moreover,
probiotic strains of this species demonstrate the ability to atte-
nuate the degradation of connective tissue components within
the extracellular matrix.*®

A useful trait that favorably distinguishes B. subtilis is its
ability to slow aging and extend life expectancy, as evidenced in
a study using the nematode Caenorhabditis elegans as a model
organism.”® It is important to emphasize that this effect of B.
subtilis primarily resulted from downregulation of the insulin-li-
ke growth factor signaling pathway, which is characteristic of the
healthy longevity observed in centenarians. EPS derived from B.
amyloliquefaciens can also reduce the expression of pro-inflamma-
tory cytokines, phagocytic activity, and oxidative stress, effects
associated with the inhibition of NF-%B signaling and extracel-
lular signal-regulated protein kinase 1/2.%” Moreover, EPS acti-
vates the nuclear factor erythroid 2-related factor 2 (Nrf2)-re-
gulated antioxidant-response element, an NF-xB-antagonistic
signaling pathway. Collectively, these mechanisms considerably
reduce the manifestations of oxidative stress and the severity of
inflammation.

Recently, the ability of Bacillus spp. probiotics to block
the signaling system of pathogenic microorganism colonies has
been discovered, which is implemented through the mechanism
known as quorum sensing, a means of maintaining the “social
behavior” of bacteria. This capability of bacilli is highly impor-
tant for correcting skin dysbiosis and creating the prerequisites
for incorporating specific strains of the Bacillus genus into topi-
cal probiotics and personal care products (body sprays, soaps, skin
creams, toothpastes, toothbrush cleaners, etc.). At present, such
species as B. subtilis, B. licheniformis, and B. pumilus are already
being used for these purposes.>

One of the most promising approaches to maximize the
positive impact of bacilli while mitigating potential side effects
associated with their consumption (the risk of enterotoxin for-
mation, antibiotic resistance, and biogenic amine production)
is the development and application of multi-component pro-
biotic formulations. Based on research conducted by Ukrainian
scientists, the most balanced probiotic composition providing
antioxidant, anti-inflammatory, immunomodulatory, histopro-
tective, and antiproliferative effects with a high safety profile is
the product Remedium™, a formulation which includes five
multidrug-resistant strains of the genus Bacillus (B. subtilis, B.
amyloliquefaciens, B. licheniformis, B. pumilus, and B. megaterium)>.
The safety of this probiotic composition has been validated by
the U.S. Food and Drug Administration (FDA). One dose of the
product contains 1.7X10° CFU/vial of live probiotic bacteria.

It is noteworthy that this medication contains two ba-
cillus species, B. subtilis and B. amyloliquefaciens, which have pro-
ven pharmacological action associated with their impact on the
NF-#B, STAT, and Nrf2 signaling systems. Another important
effect of this preparation is its antibacterial properties, attributed
to the antagonistic behavior of probiotic strains against a broad
spectrum of opportunistic pathogens, particularly bacteria of the
genera Staphylococcus and Proteus, as well as Candida fungi.™

CONCLUSIONS

The commensal microbiota in the colon maintains cons-
tant functional communication with skin cells and elements of
its microbiocenosis, a phenomenon known as the gut-skin axis.
This interaction occurs through the production of bioregulatory
compounds (short-chain fatty acids, GABA, serotonin, dopami-
ne, and others) and metabolites and involves the participation
of both the innate and adaptive immune eftectors. The develo-
pment of intestinal dysbiosis alters the systemic impact of meta-
bolites produced by the intestinal microbiota and increases the
permeability of the intestinal barrier, allowing microorganisms,
toxic substances, neurotransmitters, and modified immune cells
to enter the bloodstream. These components then reach the skin
through the circulatory system, disrupting its microbial commu-
nity, connective tissue structure, and epidermal barrier function.
These disruptions contribute significantly to the pathogenesis of
skin diseases and hasten aging.

Contemporary literature consistently supports the prac-
ticality of using both oral and topical probiotics in dermatology
and cosmetology. This approach yields notable benefits, such as
improving patients’ quality of life and ameliorating the course
of inflammatory, immune, and hyperproliferative skin condi-
tions (acne, atopic dermatitis, psoriasis, hidradenitis suppurativa,
rosacea, seborrheic dermatitis, focal alopecia, and skin cancer),
reducing the severity of these conditions and the likelihood of
recurrence. Probiotics also provide protective effects against en-
vironmental factors and accelerate the process of skin wound
healing.

Modern literature extensively substantiates the expedien-
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cy of using probiotic strains of spore-forming bacteria of the
genus Bacillus in dermatology and cosmetology based on their
properties to restore the normal functioning of the gut-skin axis,
suppress the growth of pathogenic microorganisms, decelerate
aging, and provide significant antioxidant, anti-inflammatory,
immunomodulatory, histoprotective, and antiproliferative effects,
including those associated with impact on intracellular signaling
systems.

The use of multicomponent probiotics composed of the
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