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SUMMARY

Introduction and purpose

The human gut microbiota consists of trillions of microscopic organisms, mostly bacterias. They play a significant role
in nutrient metabolism, maintenance of structural integrity of the gut mucosal barrier, immunomodulation and
protection against pathogens. Many factors can influence the composition of the intestinal microbiota, for example
antibiotics, diet or stress. These factors may lead to dysbiosis which causes activation of neurotransmitters. It can results
in the entry of metabolites to the blood stream, systemic immune dysregulation and alteration of skin microbiota. The
aim of the study was to review the literature and determine the effects of intestinal microbiota and probiotics in selected

skin diseases and what is new - skin aging process.

State of knowledge

We analyzed numerous studies which indicate that disturbed gut microbiota can be related to some chronic diseases,
including skin disorders such as atopic dermatitis, acne vulgaris, psoriasis and rosacea. Additionally, it has been proven
that bacterial dysbiosis can intensify the skin aging proces. In order to reproduce normal gut microbiota probiotics are
used. Despite the fact that there are only a few studies showing the unequivocal effect of probiotics on skin diseases,

their results seem to be encouraging.
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Conclusions

Proper composition of the intestinal microbiome determines the homeostasis of the human body. Disturbance of the gut
microbiome play a significant role not only in development and aggravation of many skin diseases, but also have an
impact on the skin aging. Despite quite a lot number of studies assessing the impact of microbiota on certain skin
disorders, there is still a need to evaluate impact of probiotics. Researches indicate that they can be used as a helpful

therapeutic tool. Taking this into account, it is worth considering it in the treatment process.
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Introduction and purpose

The human gut microbiota consists of trillions of microscopic organisms, mostly bacterias [1]. They play a
significant role in nutrient metabolism, maintenance of structural integrity of the gut mucosal barrier,
immunomodulation, and protection against pathogens [2]. Many factors can influence the composition of the intestinal
microbiota, for example antibiotics, diet, hygiene, stress, immunodeficiency and hyperimmunity. These factors may
lead to dysbiosis which causes activation of neurotransmitters. It can result in the entry of metabolites to the blood
stream, systemic immune dysregulation and alteration of skin microbiota. In fact, the relation between the intestinal
microbiota and skin homeostasis is two-way. The aim of the study was to review the literature and determine the effects
of intestinal microbiota and probiotics in selected skin diseases and what is new - skin aging process. There are
numerous studies which indicate that disturbed gut microbiota can be related to some chronic diseases, including skin
disorders such as atopic dermatitis, acne vulgaris, psoriasis, hidradenitis suppurativa and rosacea [3, 4]. Additionally, it
has been proven that bacterial dysbiosis can intensify the skin aging proces [5]. Skin microbiome is composed of
bacterias such as Cutibacterium, Corynebacterium, Staphylococcus and Streptococcus and, exactly like the gut
microbiome, plays an important role in protection from pathogens and regulation of the immune system.

Over century ago, Elie Metchnikoff, the Nobel Prize winner in Medicine, was the first who noticed the effect
of what is now called ,,probiotic" [6]. Current definition of probiotics is ’live microorganisms which, when administered
in adequate amounts, confer a health benefit on the host established by Food and Agriculture Organization of the United
Nations/World Health Organization [7]. Oral intake of probiotics restore human gut microbiota and therefore -
homeostasis.

Despite the fact that there are only a few studies showing the unequivocal effect of probiotics on skin diseases,

their results seem to be encouraging [8].

Description of the state of knowledge

Atopic dermatitis (AD)

Atopic dermatitis (AD) is a chronic inflammatory skin disease caused by dysregulation of the immune system
and gene mutations [9]. Symptoms that may occur are redness, irritation and thickening of the skin. AD treatment
depends on the patient's age and severity of skin lesions. Severity of AD can be assessed by SCORAD scale. The

greater the value, the greater the severity of the skin changes. Watanabe et al. conducted the study in which they
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compared AD patients with healthy patients in terms of microbiome diversity [10]. When it comes to the gut microbiota,
patients with AD had lower counts of Bifidobacterium and higher counts of Staphylococcus than in control group.
Decrease in the amount of Bacteroides fragilis and Streptococcus, responsible for anti-inflammatory function, correlates
with the severity of skin eczema [11]. The role of probiotics supplementation, both in the prenatal and the postnatal
period, was assessed by Li et al. in meta-analysis, which proved that this action reduced the risk of AD in children [12].
Apart from this, it has been shown that using certain probiotics such as Bifidobacterium lactis CECT 8145, B
longum CECT 7347, and Lactobacillus casei CECT 9104 reduced SCORAD value in adult patients with moderate AD
[13]. Most likely, the mechanism of action of the probiotics is improvement in the lymphocytes Th1/Th2 ratio and
reducing proinflammatory cytokines [14]. To sum up, this can be an additional element of the therapy of AD.

Acne

Acne is a common chronic inflammatory skin disease in which hair follicles become plugged with oil and dead
skin cells. It usually appears in the form of closed and opened plugged pores, papules, pustules and cystic lesions. Acne
therapy involves the use of continuous skin care, paying attention to the position of retinoids. Therapy is often
long-term, and even after a long period of remission, the changes may recur.

Even though exact mechanisms by which the gut microbiota influence acne is unknown, there are some studies
that emphasize this relation. Results of the study comparing microbiome of patients with acne and healthy control
population was that the first group has decreased Firmicutes and increased Bacteroidetes amounts [15]. It can be
assumed that disturbed intestinal microbiota affects acne. The results of various studies using probiotics in acne are

promising [15]. They indicate anti-inflammatory effects and maintaining the integrity of the colon mucosa.

Psoriasis

Psoriasis is a chronic inflammatory skin disease where the inadequate reaction of the immune system is
activated. It leads to elevation of pro-inflammatory cytokines. Symptoms of psoriasis are:
* heterogenous rash that varies in different people
* dry skin
* itching of the skin
* raised skin patches covered with scales.

The disease often affects various aspects of life, significantly impairing its quality. Research shows that the
intestinal microbiota of people with psoriasis differs from healthy people [16]. Interestingly, people diagnosed with a
specific type of psoriasis (pustular psoriasis vs psoriasis vulgaris) have diverse gut microbiota [17]. The results of
research on the effect of probiotics on the course of psoriasis also seem to be very promising. Bifidobacterium infantis
35624 administration provided TNF-a reduction in psoriasis patients comparing to the placebo group [18]. Patients with
a severe pustular psoriasis also benefited from administration Lactobacillus sporogenes [19]. Taking this into account,

the inclusion of probiotics in psoriasis therapy may be considered.

Rosacea

Rosacea is a chronic inflammatory skin disorder manifesting by facial flushing, persistent facial erythema,
telangiectasia or papules and pustules. Certain factors such as stress, alcohol (especially red wine), cigarettes, spicy and
hot foods and drinks, foods containing histamine can exacerbate skin inflammation. What is more, patients with rosacea
demonstrated increased amount of Demodex brevis and Demodex folliculorum on the skin. There is a theory that
assumes that bacterial dysbiosis is involved in the development of rosacea through activation of plasma kallikrein-kinin

pathways [20]. Various studies present concepts of the relation between the role of Helicobacter pylori in rosacea and
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they tend to hypothesis that its eradication significantly improves the course of the disease [21, 22]. Probiotics are

considered to be helpful tool in rosacea therapy [20].

Skin aging

Due to the development of medicine and the extension of lifetime, there is a need to look for solutions to delay
the aging process. Aesthetic medicine and plastic surgery are often used for this purpose. It is worth to remember about
basic methods of prevention, such as using sun protection creams. All in all, it is important not only in the context of
skin aging, but also in the prevention of skin cancer.

The diversity of the composition of the intestinal microbiome decreases with age. These changes cause
intestinal barrier impairment and leakage into the bloodstream of certain substances such as interferon-gamma (IFN-y),
IL-1, IL-6, matrix metalloproteinases (MMPs). It leads to chronic proinflammatory state and, in consequence, impair
the removal of senescent cells [5].

It is estimated that the skin surface pH is on average 4.7. This acidic environment provides barrier homeostasis
and antimicrobial defense [23]. Recent studies show that oral probiotics have a beneficial effect on its maintenance.
Additionally they have a positive result on oxidative stress and photodamage. According to the latest research, all of

these changes have favorable impact on skin aging [5].

Conclusions

Proper composition of the intestinal microbiome determines the homeostasis of the human body. Disturbance
of the gut microbiome plays a significant role not only in development and aggravation of many skin diseases, but also
have an impact on the skin aging process. Despite quite a lot number of studies assessing the impact of microbiota on
certain skin disorders, there is still a need to evaluate impact of probiotics. Researches indicate that they can be used as

a helpful therapeutic tool. Taking this into account, it is worth considering it in the treatment process.
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