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The skin microbiome is a complex and dynamic ecology that resides in the skin, which is the largest organ of the human

body. Prebiotics are non-digestible fibers and compounds found in certain foods that promote the activity and growth of

beneficial bacteria in the gut or skin. On the other hand, live microorganisms, known as probiotics, benefit in sustaining

healthy conditions when consumed in reasonable quantities.
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1. Introduction

The skin microbiome is a complex and dynamic ecology that resides in the skin, which is the largest organ of the human

body. This varied group of microbes, which includes bacteria, fungi, and viruses, is essential to the homeostasis and

health of the skin. A variety of skin diseases and disorders have been connected to disruptions of this critical microbial

balance , such as psoriasis, vitiligo, and atopic dermatitis (AD) . Promising new opportunities in the field of

dermatology have recently arisen with the development of nanotechnology. Scientists and researchers have been

investigating the development of innovative nanotechnology that provides efficacy in the restoration and control of the skin

microbiome . Nanoparticles can generally be utilized for delivering drugs in a way that improves their resistance to

enzymatic degradation, targets specific locations, increases bioavailability, solubilizes them for intravascular transport,

and maintains their effects . These nanosystems or microbiome-targeted nanotherapeutics provide a novel approach

that targets the related causes of skin disorders while reducing the adverse effects associated with traditional therapies.

The field of microbiome-targeted nanotherapeutics has been growing rapidly, and many nanosystems are being

investigated for the regeneration and maintenance of the microbiota . The nanostructures can be engineered to

interact with the microbiome, either by modulating the microbial composition or delivering therapeutic agents that

influence the microbiome, which affects the progression of certain skin conditions . However, careful consideration of

unexpected effects, biocompatibility, regulatory challenges, and long-term impacts is essential to ensuring the safety and

efficacy of these innovative treatments . Nanoparticles and nanoemulsions are the most popular nanosystems for

targeting microbiomes because of their small size, modified properties, and efficient delivery capabilities. Their unique

characteristics enable precise interactions with microbial communities and facilitate effective, customized interventions for

improved dermatological treatments . Nanoparticles typically range in size from 1 to 100 nanometers and are solid,

colloidal particles. They can be made from a variety of materials, such as metals, polymers, and lipids. They include lipid

nanoparticles (liposomes and solid lipid nanoparticles), polymeric micelles, metal nanoparticles, and polymeric

nanoparticles (Figure 1). They are utilized in drug delivery since they may protect and deliver drugs to particular target

locations within the body, enhancing medication effectiveness and minimizing adverse effects.
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Figure 1. Nanoparticles and Nanoemulsions. Created with Biorender.com.

Furthermore, nanoparticles are employed to improve the performance of sunscreens, lotions, and other skincare products

. On the other hand, nanoemulsions are small oil droplets, typically ranging in size from 20 to 200 nanometers,

distributed in an aqueous phase and frequently stabilized by surfactants in a process known as nanoemulsions

formulations. They are either oil-in-water (O/W) or water-in-oil (W/O) nanoemulsions. The solubility and bioavailability of

poorly water-soluble drugs can be enhanced by using nanoemulsions. In addition, they are used to improve the stability of

some products as well as to encapsulate flavors, vitamins, and other bioactive components. In cosmetics, nanoemulsions

are utilized in order to enhance the texture and stability of lotions and skincare items . When creating medications in

nanoform to increase absorption and effectiveness, three main variables need to be considered. These include FDA

quality-related standards, drug transport, degradation mechanisms, and the stability of the manufactured drug. The

pharmaceutical industry has limitations while utilizing nanoformulations because of this. The primary cause of the low

therapeutic efficacy of nano-formulations is their propensity to self-aggregate at low drug concentrations, which

compromises the formulation’s stability and increases the variability of drug entrapment because of polydispersity.

Unformulated liposomes are more stable, but when a medicine is built into them, the stability decreases as the ionic

strength grows. Starting with smaller nanoparticles (<20 nm) for the formulation could solve this issue such that even after

loading the drug, it remains below 100 nm . Although around 100 nm-sized nanoparticles have increased surface

reactivity, they can have adverse biological effects like protein unfolding, membrane impairment, DNA damage, and

inflammatory reactions. Additionally, several size-dependent processes, such as clathrin-mediated entry and caveolae-

mediated pathways, allow particles in the 10–500 nm range, including those about 100 nm, to be absorbed into cells.

Particle size preferences vary throughout cells; endothelial cells prefer particles that are around 100 nm in size, while

professional phagocytes prefer larger particles .

Oxidative stress affects mitochondrial function and promotes the production of reactive oxygen species (ROS) and pro-

inflammatory cytokines . Increased ROS in the skin destroys melanocytes by damaging their DNA and associated

cellular structures . In addition, ROS causes a variety of oxidation products, including oxidized protein products and

glycation products, that alter the structure of melanocytes . It has been suggested that the main cause of melanocyte

loss is mitochondrial malfunction driven by oxidative stress. Increased carbonylation in vitiligo melanocytes causes

mitochondrial dysregulation, which could lead to severe mitochondrial dysfunction and melanocyte apoptosis . The

microbiome may influence the skin’s general durability and response to oxidative stress or contribute to the modulation of

oxidative stress and inflammation .

In the exploration of skin health, emerging research underscores the role of the skin microbiome in various dermatological

conditions. Among these conditions, vitiligo is an autoimmune condition characterized by depigmented macules and

patches of various forms, which is caused by the death of melanocytes or the loss of their activity to produce natural skin

pigments . Consequently, discolored white spots appear on the skin, hair, and mucous membranes in various parts of

the body. The prevalence of vitiligo in the general population of the world ranges from 0.06% to 2.28% . Vitiligo can be

classified into different types based on the characteristics of the lesions. Acrofacial vitiligo is characterized by lesions

occasionally appearing on the extremities and face. Mixed vitiligo involves a combination of non-segmental and segmental

patterns. Focal vitiligo is distinguished by small and isolated lesions. Mucosal vitiligo occurs in or around mucosal

membranes. Universal vitiligo is a type where lesions develop and spread over the entire body . Numerous
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mechanisms have been connected to the degeneration of melanocytes and the emergence of white patches in vitiligo.

These mechanisms include neuronal, genetic, autoimmune, oxidative stress, environmental triggers, and the creation of

inflammatory mediators . The most prevalent and well-established explanation proposes that a defect in the immune

response results in the destruction of melanocytes by autoimmune effector mechanisms, either memory cytotoxic T cells

or autoantibodies directed against melanocyte surface antigens. Numerous studies have demonstrated a link between

vitiligo and other autoimmune diseases such as Addison’s disease, pernicious anemia, diabetes, systemic lupus

erythematosus, rheumatoid arthritis, psoriasis, and alopecia areata . Topical corticosteroids (TCSs) and Topical

calcineurin inhibitors (TCIs) are often used and recognized as a common treatment for many types of vitiligo . When

concerns regarding the reported adverse effects of prolonged usage of potent TCSs and TCIs arise, both have

demonstrated a high degree of repigmentation but are not safe treatment options. TCIs often result in erythema, pruritus,

and burning sensations as side effects, while TCSs increase the possibility of skin atrophy, striae, and telangiectasia 

. Alternative treatments and outcomes have improved as a result of the introduction of numerous therapeutic

approaches, such as phototherapy, excimer laser, vitamin D, and epidermal grafts . However, there is occasionally

hesitancy to suggest treatment because, historically, vitiligo was thought to respond to treatment quite poorly and

infrequently . Another common pathogenic trigger for melanocyte destruction in vitiligo patients is oxidative stress,

which is also a key element in the onset and progression of the disease .

Psoriasis is a chronic inflammatory skin disease developed by the influence of a genetic predisposition and external

variables. It has several different kinds; however, they are all identified by erythematous plaques that are frequently itchy

. The cutaneous immune system’s improper activation against a presumed infection is the main theory regarding the

development of psoriasis. The innate and adaptive immune systems are both implicated in the pathogenesis of the

disease, which also involves abnormal keratinocyte development and immune cell infiltration in the dermis and epidermis,

with dendritic cells and T cells performing significant roles .

AD is the most prevalent inflammatory skin disorder worldwide. It affects a substantial portion of the global population,

impacting around 15% to 20% of children and 1% to 3% of adults . This chronic inflammatory skin condition is

characterized by itchy and dry inflamed lesions. It stems from a range of hereditary mutations in skin barrier proteins and

immunological defects specific to allergens. Individuals with AD often exhibit symptoms such as skin dryness, redness,

and the development of erythematous lesions. Moreover, AD frequently presents with related issues like eczema, skin

scaling, and persistent itching. Additionally, it can be associated with comorbidities such as allergic rhinoconjunctivitis and

asthma .

Recently, evidence showed that altered skin microbiomes (dysbiosis) contribute to the pathogenesis of vitiligo by

influencing immunological homeostasis, oxidative stress, and skin barrier . Further, research on the skin lesions of

psoriasis patients has revealed an imbalance in the skin microbiome. The authors report that inflammation results from a

dysbiosis disruption of the skin’s immunological responses. Streptococcus bacteria are frequently overabundant, while

Cutibacterium is less present in these lesions . Studies are increasingly focusing on combining probiotics and

nanotechnology to treat skin infections. Improved drug delivery, moisture retention, controlling the release of active

compounds, and anti-infective properties have been demonstrated by nanotechnology, especially nanoparticle-based

methods . Some research suggests that topical probiotics emollient and bacteria-derived formulations may be an

effective alternative for the treatment of AD . Due to their capacity to have a favorable effect on the skin microbiome,

these formulations can decrease inflammation and enhance the general health of the skin barrier by creating a balance in

the microbial communities on the skin. . Additionally, the controlled probiotic release offered by nanoparticles and

nanotechnology delivers enormous potential for treating human infections. Although beneficial results have been

observed, further human research is required to investigate their effectiveness in dermatological applications and to

address the problem of bacterial resistance .

2. Prebiotics, Probiotics and Postbiotics

Prebiotics are specific fermented substances or dietary supplements that are not digested, enhancing intestinal health by

encouraging the growth of commensal bacteria . On the other hand, probiotics are non-pathogenic live

microorganisms, frequently yeast or bacteria, that, when administered in sufficient amounts, confer a health benefit to the

host . Probiotics from the first generation are commonly available products to treat microecological disorders. The

next level of development is the production of “metabiotics”, which are small molecules or chemicals obtained from

probiotic microorganisms. The bioactive compounds produced by symbiotic microorganisms (a combination of probiotics

and prebiotics) from naturally occurring probiotic strains, or natural sources can be used to synthesize or semi-synthesize

these metabiotics. They are known as “metabolic probiotics”, “postbiotics”, “biological drugs”, or “pharmacobiotics”. These

compounds have the potential to impact the microbiota, human metabolic processes, signaling pathways, and
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physiological activities related to the host. Postbiotics have recognized chemical structures that may improve the

composition and functionality of the host’s native microbiota as well as components involved in immunology,

neurohormone biology, and metabolic and behavioral responses . For instance, many commensal bacteria produce

butyrate, a postbiotic that is a major source of energy for the colon and is essential for intestinal growth, differentiation,

and inflammation control . Moreover, postbiotics are probiotic-derived effector chemicals secreted by bacteria or

released after lysis and capable of exerting qualities identical to those of the original probiotics  (Figure 2). They

attempt to imitate the benefits of probiotics without taking the risk of administering live bacteria. While these probiotics,

prebiotics, and postbiotics are commonly associated with dietary supplements targeting the gut microbiome, their

application extends beyond the digestive system to various body parts, including the skin. In dermatology, particularly in

addressing skin conditions, these concepts find relevance as researchers explore their potential in topical formulations

and skincare products.

Figure 2. Prebiotics, Probiotics, and Postbiotics. Created with Biorender.com.

3. Skin Microbiome

The connection between microbial communities and the host tissue is symbiotic in the skin. The importance of resident

microbial communities in maintaining the skin’s and immune system’s normal, healthy function has been demonstrated

recently . A diverse group of microorganisms known as the skin microbiome work together to maintain a complicated

connection on the skin . A large and diverse community of bacteria, viruses, and eukaryotes, including fungi and

arthropods, comprise the human skin microbiota . The heterogeneity of the skin microbiota, both in terms of its

composition and prevalence, can be demonstrated in the significant variances between individuals and between different

skin regions. These differences can be attributable to a complex interaction of elements, including genetic predisposition,

dietary habits, choice of lifestyle, gender, age, ethnic background, and environmental circumstances . The skin

provides essential nutrients to establish its microbiota, including amino acids, fatty acids, and lactic acids from various

sources like proteins, the stratum corneum, sweat, lipid hydrolysis, and sebum . This relationship between the host and

commensal microorganisms is vital for various physiological processes. To maintain this symbiotic relationship,

commensal-specific T cells play a role in distinguishing between resident microorganisms and potential pathogens,

thereby promoting tolerance towards the commensal microbiota . The skin microbiome is made up of several different

bacterial species. Microorganism imbalances can lead to skin diseases such as acne, AD, psoriasis, and rosacea .

Probiotic bacteria have been used to make a variety of treatments, nutritional items, and additives that support human

health . They provide several functions, one of which is serving as the first line of defense against invasive diseases

and are also used to prevent both acute and chronic disorders or prophylaxis . This shows that probiotics are used as

an avoidance strategy for some disorders. In addition, specific health conditions, such as acute or chronic diarrhea and

intestinal inflammation that can cause allergies, atherosclerosis, and cancer, are also treated with probiotic medications

. Coagulation-negative Staphylococci are also prevalent on human skin, and they act via a number of mechanisms

including the epidermal barrier environment and the innate and adaptive immune systems found in the epidermis and

dermis . Further, the bacteriocins produced by this species have anti-inflammatory, and antibacterial characteristics that

reduce the survival of harmful bacteria on the skin surface . Endogenous urocanic acid found in the stratum corneum of

the skin acts similarly to sunscreens in preventing damaging Ultraviolet (UV) radiation from penetrating the epidermis 

.

The microorganisms that make up the skin microbiome cooperate to keep the skin safe. However, due to many factors,

such as external ones, commensal microorganisms may transform into pathogenic microbes, causing inflammation,
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itching, scaling, and other medical symptoms that point to an imbalance between our skin and its microbiome . The

word “dysbiosis” is used to describe how the microbiome of the skin has changed. Functional dysbiosis disturbs the

interactions between bacteria and hosts and causes skin issues. Age, sex, hygiene, the use of particular pharmaceuticals,

skin pH, sweating propensity, hair development on the skin, sebum production, usage of skin cosmetics, and lifestyle are

only a few of the host factors that have an impact on the microbiome host interaction . The potential of oral probiotics

as a treatment for skin conditions has increased as research has revealed a connection between disrupted gut microbiota

and inflammatory skin conditions . Researchers are actively investigating the relationships among changes in the gut

microbiota, immune system dysregulation, and the development or aggravation of autoimmune skin disorders, aiming to

identify biomarkers and molecular pathways for potential therapeutic targeting . Studies on probiotics have been

performed using a concept known as the gut–brain–skin axis idea. These studies have demonstrated the efficacy of

probiotics in the management of some dermatological conditions, including psoriasis, acne, vitiligo, and AD . For

example, AD is characterized by cutaneous dysbiosis and a greater presence of Staphylococci like S. aureus and

Malassezia spp. These microorganisms release toxic chemicals and nanovesicles that trigger cytokines, which contribute

to the persistence and aggravation of AD symptoms.

Transplanting specific strains of S. epidermidis and S. hominis that produce antimicrobial peptides resulted in significant

decreases in the levels of S. aureus in individuals with AD. This implies a promising therapeutic strategy for addressing

AD by influencing the skin’s microbiome to regulate and reduce the overgrowth of S. aureus . The local skin

microbiome plays a role in psoriasis pathogens. Psoriasis patients have a similar major species of bacteria in their skin

flora compared to non-psoriasis individuals but with reduced diversity and changes in the relative abundance of certain

bacteria. Specifically, lower concentrations of Cutibacterium acnes (formerly Propionibacterium) and Actinobacteria
species are found in psoriasis patients, while higher concentrations of Firmicutes, Proteobacteria, Acidobacteria,

Schlegelella, Streptococcaceae, Rhodobacteraceae, Campylobacteraceae, and Moraxellaceae species are observed

when compared to controls. This suggests that alterations in the skin microbiome may contribute to psoriasis alongside

immune system dysfunction . As a result, these skin disorders present greater opportunities for probiotic research

regarding topical benefits. In general, the gut microbiota is responsible for the body’s appropriate immunity and defense

against harmful microbes. Therefore, alterations that are considered harmful at the intestinal microbiota level may result in

infections and autoimmune diseases in a variety of organs outside of the colon, including the skin . A recent study 

shows that patients with vitiligo have a different microbial composition from healthy people, with a considerably lower

Bacteroidetes to Firmicutes ratio. They also differ significantly from healthy people in 23 blood metabolites, and these

metabolites are linked to particular microbial indicators. Commensal bacteria are vital components of the skin microbiome

and play a crucial role in skin health. Another study  highlights that vitiligo-affected skin exhibits a dysbiosis in microbial

community diversity, with lesional areas showing reduced taxonomic richness and evenness. Notably, Actinobacterial

species are dominant in normal skin, while Firmicutes species dominate in vitiligo lesions, suggesting that these microbial

changes could influence the development and severity of vitiligo.

4. Mechanisms of Action for Topical Prebiotics, Postbiotics and Probiotics

Many low-molecular-weight (LMW) bioactive substances, such as bacteriocins and other antimicrobial compounds, short-

chain fatty acids, various fatty and organic acids, biosurfactants, polysaccharides, peptidoglycans, teichoic acids, lipo- and

glycoproteins, vitamins, antioxidants, nucleic acids, amino acids, and different proteins, including enzymes and lectins,

can be derived from different probiotic strains . The applicable agents of these groups of LMW compounds isolated

from symbiotic microorganisms or their cultural liquids may be used to produce functional foods, drugs for the prophylaxis

and treatment of chronic human diseases, as well as sports and anti-aging foods . The application of the probiotics

concept in biotechnology has made it possible to include several thousand additional strains from the human-dominant

intestinal phyla (Bacteroides, Firmicutes, Proteobacteria, Actinobacteria, and Archae) for nutritional and therapeutic

purposes in addition to Bifidobacteria, Lactobacilli, Escherichia, and Enterococci sp. .

Microbiome development and changes are influenced by various factors such as childbirth, diet, drugs, and diseases .

The skin microbiota varies significantly across different body regions due to the presence of unique glands and hair

follicles, creating distinct conditions for microbial growth. Specific bacterial and fungal species dominate various areas,

such as lipophilic bacteria in sebaceous regions and fungal communities on the feet. Additionally, the facial skin

microbiota is mainly composed of Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes, with variations linked to

age, and diversity differs by facial location, with cheek sites having the highest richness scores. Postbiotics like acetate,

propionate, and butyrate play a crucial role in intestinal health by providing energy, enhancing the epithelial barrier,

regulating immunity, and preventing pathogen invasion . Immune diseases, inflammation, and gut dysbiosis can result

from a dysregulation of this balance . The gut–skin axis is proposed as a connection between emotional states, gut
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health, and skin conditions. Increased intestinal permeability can activate T cells, disrupt immunosuppressive factors, and

lead to systemic inflammation, potentially affecting skin homeostasis . Gut microbes can also communicate with other

organs through neurotransmitter production. Therefore, changes in the gut microbiome may directly impact systemic

inflammation . In the last century, the ability to identify microorganisms based on their appearance or biochemical traits

and improvements in cell culture techniques have allowed for the expansion of study into the microbial variety of human

skin. Researchers have identified numerous genera of bacteria that are typically found on healthy skin using culture-

dependent methods. These genera include Staphylococci, Micrococci, Corynebacteria, Brevibacteria, Propionibacteria,

and Acinetobacter . Staphylococcus aureus, Streptococcus pyogenes, and Pseudomonas aeruginosa were identified at

the species level using culture techniques, such as colonizers in unusual conditions . The skin microbiome is primarily

made up of two main types of bacteria: the resident and transient microbiota types. The resident microbiota is the most

significant and persistent group and may regenerate after any disturbances . In contrast, the transitory microbiome is

environment-dependent and only stays on the skin for a few hours or days . Both of these microbiota types are

harmless in healthy skin. Actinobacteria, Firmicutes, Proteobacteria, and Bacteroides are some of the most prevalent

phyla on the skin, while the most common genera are Corynebacterium, Propionibacterium, and Staphylococci .

5. Clinical Verification and Effectiveness

The effectiveness of probiotic products used topically has received very little investigation. However, in the past ten years,

the number of commercially available topical probiotics has dramatically increased , and probiotics have been applied

topically and orally to treat various skin disorders  Table 1. The gut microbiota significantly affects the immune system,

and many studies  have shown the importance of dysregulations in the skin and gut microbiome in immune-

related diseases. Immune dysregulation driven by imbalances in the gut microbiota may involve an excessive immune

response that targets melanocytes and contributes to their destruction in vitiligo . It is thought that both genetic and

environmental factors play a role in the vitiligo development process. Recent research indicates that vitiligo patients have

altered immune responses and increased stress-induced production of Interferon-gamma (IFN-γ), which leads to

melanocyte apoptosis . Dysbiosis in the gut microbiome is observed in vitiligo patients, with reduced Bacteroides

populations and changes in microbiota diversity, which are associated with mitochondrial damage and peripheral changes

in innate immunity . Skin microbiota composition also differs between vitiligo patients and healthy controls, particularly

in vitiligo lesions, where there is a reduction in Staphylococcus and Cutibacterium and an increase in Proteobacteria
associated with inflammation .

Table 1. Examples of Probiotic-Containing Commercial Products.

Probiotics Oral Topical Benefits Claimed

Lactobacillus    

  Lactobacillus
Ferment Essence

A skincare brand containing Lactobacillus ferment
for skin nourishment

 
Probiotic Complex with

Lactobacillus
Acidophilus

 a health brand promoting overall well-being,
including potential benefits for the skin

Bifidobacterium    

  BifidoBalance
Cream

A skincare company formulated with Bifidobacterium
to support skin microbiome balance

 
Gut Health Probiotic

Blend with
Bifidobacterium

 A nutritional supplement brand aimed at promoting
gut health with potential skin benefits

Streptococcus
thermophilus    

  Thermal Probiotic
Cream

Skincare line featuring Streptococcus thermophilus
for enhancing the diversity of the skin microbiome

Saccharomyces
boulardii    

 
Saccharomyces

boulardii Probiotic
Capsules

 A wellness brand specifically designed to support
gut health and potentially improve skin conditions

Probiotic Blends    
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Probiotics Oral Topical Benefits Claimed

  Probiotic Power
Serum

A skincare brand incorporating a blend of
Lactobacillus, Bifidobacterium, and Streptococcus

thermophilus for a comprehensive skin health
approach

 Daily Probiotic Blend
Capsules  

A health and wellness company offering a mix of
various probiotic strains for overall health, including

potential benefits for the skin

The topical application of probiotic bacteria may help enhance the skin’s natural barrier by directly affecting the site of

application. This may be performed by the resident bacteria and the probiotic bacteria that produce certain antimicrobial

amino peptides that benefit the immune responses in the skin and help eliminate pathogens . The administration of

probiotic species that are not native to a particular ecosystem can potentially cause adverse effects . They are

commonly included in over-the-counter cosmeceutical products, but their effectiveness may be compromised by their high

bacterial load and the preservatives used, which can impact the skin’s microbiota . Probiotics have been utilized in a

variety of cosmetic items, including lotions, intimate hygiene products, shampoos, and toothpaste. These strains include

Bacillus subtilis, Lactobacillus acidophilus, Lactobacillus casei, and Lactobacillus plantarum. These probiotics provide

several benefits for skin health, including moisturizing effects, reducing toxic metabolites, enhancing antibody production,

restoring immune system balance, and regulating cytokine synthesis . In addition, topically applied probiotics can

serve as a protective barrier on the skin by competing with and inhibiting the binding of potential pathogens to skin sites.

This competitive inhibition helps prevent the colonization of harmful microorganisms on the skin, further contributing to

skin health and protection .

Postbiotics, formed from microbial growth by-products or inactive dead strains, positively benefit skin health because they

contain bioactive substances such as bacteriocins, lipoteichoic acids, and organic acids . Species of Lactobacillus,

including those found in cosmetics, create lactic acid, which aids in moisturization and anti-aging . Streptococcus and

Bifidobacterium strains have also been demonstrated to increase skin hydration and elasticity, with Bifidobacterium
contributing to the production of hyaluronic acid for improved skin appearance .

Novel strategies in the field of dermatology employ nanocarriers to improve the topical applications of probiotics and

prebiotics . These nanocarriers, often in the form of nanoparticles or nanoemulsions, serve as efficient vehicles for

loading and delivering probiotic strains to the skin. This advanced delivery system not only protects the viability of

probiotics during formulation but also enhances their penetration into the skin, maximizing their potential to establish a

protective barrier.

References

1. Dréno, B.; Araviiskaia, E.; Berardesca, E.; Gontijo, G.; Sanchez Viera, M.; Xiang, L.F.; Martin, R.; Bieber, T. Microbiome
in healthy skin, update for dermatologists. J. Eur. Acad. Dermatol. Venereol. 2016, 30, 2038–2047.

2. Ni, Q.; Zhang, P.; Li, Q.; Han, Z. Oxidative Stress and Gut Microbiome in Inflammatory Skin Diseases. Front. Cell Dev.
Biol. 2022, 10, 849985.

3. Lin, Y.-K.; Yang, S.-C.; Hsu, C.-Y.; Sung, J.-T.; Fang, J.-Y. The antibiofilm nanosystems for improved infection inhibition
of microbes in skin. Molecules 2021, 26, 6392.

4. Lúcio, M.; Giannino, N.; Barreira, S.; Catita, J.; Gonçalves, H.; Ribeiro, A.; Fernandes, E.; Carvalho, I.; Pinho, H.;
Cerqueira, F. Nanostructured lipid carriers enriched hydrogels for skin topical administration of quercetin and omega-3
fatty acid. Pharmaceutics 2023, 15, 2078.

5. Basu, B.; Garala, K.; Bhalodia, R.; Joshi, B.; Mehta, K. Solid lipid nanoparticles: A promising tool for drug delivery
system. J. Pharm. Res. 2010, 3, 84–92.

6. Zupančič, S.; Rijavec, T.; Lapanje, A.; Petelin, M.; Kristl, J.; Kocbek, P. Nanofibers with incorporated autochthonous
bacteria as potential probiotics for local treatment of periodontal disease. Biomacromolecules 2018, 19, 4299–4306.

7. Chen, H.-J.; Lin, D.-a.; Liu, F.; Zhou, L.; Liu, D.; Lin, Z.; Yang, C.; Jin, Q.; Hang, T.; He, G. Transdermal delivery of living
and biofunctional probiotics through dissolvable microneedle patches. ACS Appl. Bio Mater. 2018, 1, 374–381.

8. Li, Z.; Wang, Y.; Liu, J.; Rawding, P.; Bu, J.; Hong, S.; Hu, Q. Chemically and biologically engineered bacteria-based
delivery systems for emerging diagnosis and advanced therapy. Adv. Mater. 2021, 33, 2102580.

9. Duncan, R.; Gaspar, R. Nanomedicine (s) under the microscope. Mol. Pharm. 2011, 8, 2101–2141.

[106]

[107]

[108]

[109][110]

[100]

[111]

[112]

[113][114]

[4][6]



10. Nastiti, C.M.R.R.; Ponto, T.; Abd, E.; Grice, J.E.; Benson, H.A.E.; Roberts, M.S. Topical nano and microemulsions for
skin delivery. Pharmaceutics 2017, 9, 37.

11. Marcato, P.D.; Durán, N. New aspects of nanopharmaceutical delivery systems. J. Nanosci. Nanotechnol. 2008, 8,
2216–2229.

12. Naahidi, S.; Jafari, M.; Edalat, F.; Raymond, K.; Khademhosseini, A.; Chen, P. Biocompatibility of engineered
nanoparticles for drug delivery. J. Control. Release 2013, 166, 182–194.

13. Mishra, D.; Hubenak, J.R.; Mathur, A.B. Nanoparticle systems as tools to improve drug delivery and therapeutic
efficacy. J. Biomed. Mater. Res. Part A Off. J. Soc. Biomater. Jpn. Soc. Biomater. Aust. Soc. Biomater. Korean Soc.
Biomater. 2013, 101, 3646–3660.

14. Solans, C.; Izquierdo, P.; Nolla, J.; Azemar, N.; Garcia-Celma, M.J. Nano-emulsions. Curr. Opin. Colloid Interface Sci.
2005, 10, 102–110.

15. Solans, C.; Solé, I. Nano-emulsions: Formation by low-energy methods. Curr. Opin. Colloid Interface Sci. 2012, 17,
246–254.

16. Choi, S.H.; Lee, J.-H.; Choi, S.-M.; Park, T.G. Thermally reversible pluronic/heparin nanocapsules exhibiting 1000-fold
volume transition. Langmuir 2006, 22, 1758–1762.

17. Barenholz, Y.C. Doxil®—The first FDA-approved nano-drug: Lessons learned. J. Control. Release 2012, 160, 117–134.

18. Akinc, A.; Battaglia, G. Exploiting endocytosis for nanomedicines. Cold Spring Harb. Perspect. Biol. 2013, 5, a016980.

19. Nel, A.; Xia, T.; Madler, L.; Li, N. Toxic potential of materials at the nanolevel. Science 2006, 311, 622–627.

20. Tannahill, G.M.; Curtis, A.M.; Adamik, J.; Palsson-McDermott, E.M.; McGettrick, A.F.; Goel, G.; Frezza, C.; Bernard,
N.J.; Kelly, B.; Foley, N.H. Succinate is an inflammatory signal that induces IL-1β through HIF-1α. Nature 2013, 496,
238–242.

21. Lampropoulou, V.; Sergushichev, A.; Bambouskova, M.; Nair, S.; Vincent, E.E.; Loginicheva, E.; Cervantes-Barragan,
L.; Ma, X.; Huang, S.C.-C.; Griss, T. Itaconate links inhibition of succinate dehydrogenase with macrophage metabolic
remodeling and regulation of inflammation. Cell Metab. 2016, 24, 158–166.

22. Mitra, S.; De Sarkar, S.; Pradhan, A.; Pati, A.K.; Pradhan, R.; Mondal, D.; Sen, S.; Ghosh, A.; Chatterjee, S.;
Chatterjee, M. Levels of oxidative damage and proinflammatory cytokines are enhanced in patients with active vitiligo.
Free Radic. Res. 2017, 51, 986–994.

23. Yi, X.; Guo, W.; Shi, Q.; Yang, Y.; Zhang, W.; Chen, X.; Kang, P.; Chen, J.; Cui, T.; Ma, J. SIRT3-dependent
mitochondrial dynamics remodeling contributes to oxidative stress-induced melanocyte degeneration in vitiligo.
Theranostics 2019, 9, 1614–1633.

24. Iddir, M.; Brito, A.; Dingeo, G.; Fernandez Del Campo, S.S.; Samouda, H.; La Frano, M.R.; Bohn, T. Strengthening the
immune system and reducing inflammation and oxidative stress through diet and nutrition: Considerations during the
COVID-19 crisis. Nutrients 2020, 12, 1562.

25. Czajkowski, R.; Męcińska-Jundziłł, K. Current aspects of vitiligo genetics. Adv. Dermatol. Allergol./Postępy Dermatol. I
Alergol. 2014, 31, 247–255.

26. Krüger, C.; Schallreuter, K.U. A review of the worldwide prevalence of vitiligo in children/adolescents and adults. Int. J.
Dermatol. 2012, 51, 1206–1212.

27. Ezzedine, K.; Lim, H.W.; Suzuki, T.; Katayama, I.; Hamzavi, I.; Lan, C.C.E.; Goh, B.K.; Anbar, T.; Silva de Castro, C.;
Lee, A.Y. Revised classification/nomenclature of vitiligo and related issues: The Vitiligo Global Issues Consensus
Conference. Pigment Cell Melanoma Res. 2012, 25, E1–E13.

28. Bergqvist, C.; Ezzedine, K. Vitiligo: A review. Dermatology 2020, 236, 571–592.

29. Al-smadi, K.; Imran, M.; Leite-Silva, V.R.; Mohammed, Y. Vitiligo: A Review of Aetiology, Pathogenesis, Treatment, and
Psychosocial Impact. Cosmetics 2023, 10, 84.

30. Alkhateeb, A.; Fain, P.R.; Thody, A.; Bennett, D.C.; Spritz, R.A. Epidemiology of vitiligo and associated autoimmune
diseases in Caucasian probands and their families. Pigment Cell Res. 2003, 16, 208–214.

31. Laberge, G.; Mailloux, C.M.; Gowan, K.; Holland, P.; Bennett, D.C.; Fain, P.R.; Spritz, R.A. Early disease onset and
increased risk of other autoimmune diseases in familial generalized vitiligo. Pigment Cell Res. 2005, 18, 300–305.

32. Taieb, A.; Alomar, A.; Böhm, M.; Dell’Anna, M.L.; De Pase, A.; Eleftheriadou, V.; Ezzedine, K.; Gauthier, Y.;
Gawkrodger, D.J.; Jouary, T. Guidelines for the management of vitiligo: The European Dermatology Forum consensus.
Br. J. Dermatol. 2013, 168, 5–19.



33. Lee, J.H.; Kwon, H.S.; Jung, H.M.; Lee, H.; Kim, G.M.; Yim, H.W.; Bae, J.M. Treatment outcomes of topical calcineurin
inhibitor therapy for patients with vitiligo: A systematic review and meta-analysis. JAMA Dermatol. 2019, 155, 929–938.

34. Horn, E.J.; Domm, S.; Katz, H.I.; Lebwohl, M.; Mrowietz, U.; Kragballe, K.; International Psoriasis, Council. Topical
corticosteroids in psoriasis: Strategies for improving safety. J. Eur. Acad. Dermatol. Venereol. 2010, 24, 119–124.

35. Forschner, T.; Buchholtz, S.; Stockfleth, E. Current state of vitiligo therapy–evidence-based analysis of the literature.
JDDG J. Dtsch. Dermatol. Ges. 2007, 5, 467–475.

36. Al-Smadi, K.; Ali, M.; Alavi, S.E.; Jin, X.; Imran, M.; Leite-Silva, V.R.; Mohammed, Y. Using a Topical Formulation of
Vitamin D for the Treatment of Vitiligo: A Systematic Review. Cells 2023, 12, 2387.

37. Klaassen, C.D. Heavy metals and heavy-metal antagonists. In Goodman and Gilman’s the Pharmacological Basis of
Therapeutics, 11th ed.; McGraw-Hill: New York, NY, USA, 2006; pp. 1753–1775.

38. Wang, Y.; Li, S.; Li, C. Perspectives of new advances in the pathogenesis of vitiligo: From oxidative stress to
autoimmunity. Med. Sci. Monit. Int. Med. J. Exp. Clin. Res. 2019, 25, 1017–1023.

39. Thio, H.B. The microbiome in psoriasis and psoriatic arthritis: The skin perspective. J. Rheumatol. Suppl. 2018, 94, 30–
31.

40. Greb, J.E.; Goldminz, A.M.; Elder, J.T.; Lebwohl, M.G.; Gladman, D.D.; Wu, J.J.; Mehta, N.N.; Finlay, A.Y.; Gottlieb,
A.B. Psoriasis (Primer). Nat. Rev. Dis. Primers 2016, 2, 1.

41. Nakatsuji, T.; Gallo, R.L. The role of the skin microbiome in atopic dermatitis. Ann. Allergy Asthma Immunol. 2019, 122,
263–269.

42. Pothmann, A.; Illing, T.; Wiegand, C.; Hartmann, A.A.; Elsner, P. The microbiome and atopic dermatitis: A review. Am. J.
Clin. Dermatol. 2019, 20, 749–761.

43. Chen, Y.; Zhang, J.Y.; Gao, S.; Li, Y.R.; Wu, Y.F. Research progress of microbiome and pathogenesis of vitiligo. Life
Res. 2021, 4, 13.

44. Pellicciotta, M.; Rigoni, R.; Falcone, E.L.; Holland, S.M.; Villa, A.; Cassani, B. The microbiome and immunodeficiencies:
Lessons from rare diseases. J. Autoimmun. 2019, 98, 132–148.

45. Mihranyan, A.; Ferraz, N.; Strømme, M. Current status and future prospects of nanotechnology in cosmetics. Prog.
Mater. Sci. 2012, 57, 875–910.

46. Park, S.B.; Im, M.; Lee, Y.; Lee, J.H.; Lim, J.; Park, Y.-H.; Seo, Y.J. Effect of emollients containing vegetable-derived
lactobacillus in the treatment of atopic dermatitis symptoms: Split-body clinical trial. Ann. Dermatol. 2014, 26, 150–155.

47. Ambrożej, D.; Kunkiel, K.; Dumycz, K.; Feleszko, W. The use of probiotics and bacteria-derived preparations in topical
treatment of atopic dermatitis—A systematic review. J. Allergy Clin. Immunol. Pract. 2021, 9, 570–575.

48. Salvioni, L.; Morelli, L.; Ochoa, E.; Labra, M.; Fiandra, L.; Palugan, L.; Prosperi, D.; Colombo, M. The emerging role of
nanotechnology in skincare. Adv. Colloid Interface Sci. 2021, 293, 102437.

49. Bekiaridou, A.; Karlafti, E.; Oikonomou, I.M.; Ioannidis, A.; Papavramidis, T.S. Probiotics and their effect on surgical
wound healing: A systematic review and new insights into the role of nanotechnology. Nutrients 2021, 13, 4265.

50. Patel, S.; Goyal, A. The current trends and future perspectives of prebiotics research: A review. 3 Biotech 2012, 2, 115–
125.

51. Morelli, L.; Capurso, L. FAO/WHO guidelines on probiotics: 10 years later. J. Clin. Gastroenterol. 2012, 46, S1–S2.

52. Sanders, M.E.; Gibson, G.R.; Gill, H.S.; Guarner, F. Probiotics: Their potential to impact human health. Counc. Agric.
Sci. Technol. Issue Pap. 2007, 36, 1–20.

53. França, K. Topical probiotics in dermatological therapy and skincare: A concise review. Dermatol. Ther. 2021, 11, 71–
77.

54. Swaby, A.M.; Agellon, L.B. The Potential Role of Commensal Microbes in Optimizing Nutrition Care Delivery and
Nutrient Metabolism. Recent Prog. Nutr. 2022, 2, 1–16.

55. Novik, G.; Savich, V. Beneficial microbiota. Probiotics and pharmaceutical products in functional nutrition and medicine.
Microbes Infect. 2020, 22, 8–18.

56. Gao, J.; Li, Y.; Wan, Y.; Hu, T.; Liu, L.; Yang, S.; Gong, Z.; Zeng, Q.; Wei, Y.; Yang, W. A novel postbiotic from
Lactobacillus rhamnosus GG with a beneficial effect on intestinal barrier function. Front. Microbiol. 2019, 10, 477.

57. Abbasi, A.; Rad, A.H.; Ghasempour, Z.; Sabahi, S.; Kafil, H.S.; Hasannezhad, P.; Rahbar Saadat, Y.; Shahbazi, N. The
biological activities of postbiotics in gastrointestinal disorders. Crit. Rev. Food Sci. Nutr. 2022, 62, 5983–6004.



58. Hill, D.A.; Artis, D. Intestinal bacteria and the regulation of immune cell homeostasis. Annu. Rev. Immunol. 2009, 28,
623–667.

59. Belkaid, Y.; Tamoutounour, S. The influence of skin microorganisms on cutaneous immunity. Nat. Rev. Immunol. 2016,
16, 353–366.

60. Boxberger, M.; Cenizo, V.; Cassir, N.; La Scola, B. Challenges in exploring and manipulating the human skin
microbiome. Microbiome 2021, 9, 125.

61. Bay, L.; Barnes, C.J.; Fritz, B.G.; Thorsen, J.; Restrup, M.E.M.; Rasmussen, L.; Sørensen, J.K.; Hesselvig, A.B.;
Odgaard, A.; Hansen, A.J. Universal dermal microbiome in human skin. MBio 2020, 11, 10–1128.

62. Ogai, K.; Nana, B.C.; Lloyd, Y.M.; Arios, J.P.; Jiyarom, B.; Awanakam, H.; Esemu, L.F.; Hori, A.; Matsuoka, A.; Nainu, F.
Skin microbiome profile of healthy Cameroonians and Japanese. Sci. Rep. 2022, 12, 1364.

63. Lee, H.-J.; Kim, M. Skin barrier function and the microbiome. Int. J. Mol. Sci. 2022, 23, 13071.

64. Wilson, M. The Human Microbiota in Health and Disease: An Ecological and Community-Based Approach; Garland
Science: New York, NY, USA, 2018.

65. Harrison, O.J.; Linehan, J.L.; Shih, H.-Y.; Bouladoux, N.; Han, S.-J.; Smelkinson, M.; Sen, S.K.; Byrd, A.L.; Enamorado,
M.; Yao, C. Commensal-specific T cell plasticity promotes rapid tissue adaptation to injury. Science 2019, 363,
eaat6280.

66. Navarro-López, V.; Núñez-Delegido, E.; Ruzafa-Costas, B.; Sánchez-Pellicer, P.; Agüera-Santos, J.; Navarro-Moratalla,
L. Probiotics in the therapeutic arsenal of dermatologists. Microorganisms 2021, 9, 1513.

67. Scharschmidt, T.C.; Fischbach, M.A. What lives on our skin: Ecology, genomics and therapeutic opportunities of the
skin microbiome. Drug Discov. Today Dis. Mech. 2013, 10, e83–e89.

68. Günther, J.; Seyfert, H.-M. The first line of defence: Insights into mechanisms and relevance of phagocytosis in
epithelial cells. In Seminars in Immunopathology; Springer: Berlin/Heidelberg, Germany, 2018; pp. 555–565.

69. Nazir, Y.; Hussain, S.A.; Abdul Hamid, A.; Song, Y. Probiotics and their potential preventive and therapeutic role for
cancer, high serum cholesterol, and allergic and HIV diseases. BioMed Res. Int. 2018, 2018, 3428437.

70. Cogen, A.L.; Yamasaki, K.; Sanchez, K.M.; Dorschner, R.A.; Lai, Y.; MacLeod, D.T.; Torpey, J.W.; Otto, M.; Nizet, V.;
Kim, J.E. Selective antimicrobial action is provided by phenol-soluble modulins derived from Staphylococcus
epidermidis, a normal resident of the skin. J. Investig. Dermatol. 2010, 130, 192–200.

71. Gibbs, N.K.; Norval, M. Urocanic acid in the skin: A mixed blessing? J. Investig. Dermatol. 2011, 131, 14–17.

72. Sfriso, R.; Egert, M.; Gempeler, M.; Voegeli, R.; Campiche, R. Revealing the secret life of skin-with the microbiome you
never walk alone. Int. J. Cosmet. Sci. 2020, 42, 116–126.

73. Schommer, N.N.; Gallo, R.L. Structure and function of the human skin microbiome. Trends Microbiol. 2013, 21, 660–
668.

74. Szántó, M.; Dózsa, A.; Antal, D.; Szabó, K.; Kemény, L.; Bai, P. Targeting the gut-skin axis—Probiotics as new tools for
skin disorder management? Exp. Dermatol. 2019, 28, 1210–1218.

75. Yamada, M.; Mohammed, Y.; Prow, T.W. Advances and controversies in studying sunscreen delivery and toxicity. Adv.
Drug Deliv. Rev. 2020, 153, 72–86.

76. Yousef, S.; Mohammed, Y.; Namjoshi, S.; Grice, J.; Sakran, W.; Roberts, M. Mechanistic evaluation of hydration effects
on the human epidermal permeation of salicylate esters. AAPS J. 2017, 19, 180–190.

77. Tapfumaneyi, P.; Imran, M.; Mohammed, Y.; Roberts, M.S. Recent advances and future prospective of topical and
transdermal delivery systems. Front. Drug Deliv. 2022, 2, 957732.

78. Sarao, L.K.; Arora, M. Probiotics, prebiotics, and microencapsulation: A review. Crit. Rev. Food Sci. Nutr. 2017, 57,
344–371.

79. Nakatsuji, T.; Chen, T.H.; Narala, S.; Chun, K.A.; Two, A.M.; Yun, T.; Shafiq, F.; Kotol, P.F.; Bouslimani, A.; Melnik, A.V.
Antimicrobials from human skin commensal bacteria protect against Staphylococcus aureus and are deficient in atopic
dermatitis. Sci. Transl. Med. 2017, 9, eaah4680.

80. Alekseyenko, A.V.; Perez-Perez, G.I.; De Souza, A.; Strober, B.; Gao, Z.; Bihan, M.; Li, K.; Methé, B.A.; Blaser, M.J.
Community differentiation of the cutaneous microbiota in psoriasis. Microbiome 2013, 1, 31.

81. Gallo, R.L.; Nakatsuji, T. Microbial symbiosis with the innate immune defense system of the skin. J. Investig. Dermatol.
2011, 131, 1974–1980.

82. Chilicka, K.; Dzieńdziora-Urbińska, I.; Szyguła, R.; Asanova, B.; Nowicka, D. Microbiome and probiotics in acne
vulgaris—A narrative review. Life 2022, 12, 422.



83. Ni, Q.; Ye, Z.; Wang, Y.; Chen, J.; Zhang, W.; Ma, C.; Li, K.; Liu, Y.; Liu, L.; Han, Z. Gut microbial dysbiosis and plasma
metabolic profile in individuals with vitiligo. Front. Microbiol. 2020, 11, 592248.

84. Ganju, P.; Nagpal, S.; Mohammed, M.H.; Nishal Kumar, P.; Pandey, R.; Natarajan, V.T.; Mande, S.S.; Gokhale, R.S.
Microbial community profiling shows dysbiosis in the lesional skin of Vitiligo subjects. Sci. Rep. 2016, 6, 18761.

85. Holmes, E.; Li, J.V.; Athanasiou, T.; Ashrafian, H.; Nicholson, J.K. Understanding the role of gut microbiome–host
metabolic signal disruption in health and disease. Trends Microbiol. 2011, 19, 349–359.

86. Reid, G.; Younes, J.A.; Van der Mei, H.C.; Gloor, G.B.; Knight, R.; Busscher, H.J. Microbiota restoration: Natural and
supplemented recovery of human microbial communities. Nat. Rev. Microbiol. 2011, 9, 27–38.

87. Sonnenburg, J.L.; Fischbach, M.A. Community health care: Therapeutic opportunities in the human microbiome. Sci.
Transl. Med. 2011, 3, ps12–ps78.

88. Caselli, M.; Vaira, G.; Calo, G.; Papini, F.; Holton, J.; Vaira, D. Structural bacterial molecules as potential candidates for
an evolution of the classical concept of probiotics. Adv. Nutr. 2011, 2, 372–376.

89. Shenderov, B.A. Modern condition and prospective host microecology investigations. Microb. Ecol. Health Dis. 2007,
19, 145–149.

90. Shenderov, B.A. Metabiotics: Novel idea or natural development of probiotic conception. Microb. Ecol. Health Dis.
2013, 24, 20399.

91. Zimmermann, M.; Zimmermann-Kogadeeva, M.; Wegmann, R.; Goodman, A.L. Mapping human microbiome drug
metabolism by gut bacteria and their genes. Nature 2019, 570, 462–467.

92. Dodd, D.; Spitzer, M.H.; Van Treuren, W.; Merrill, B.D.; Hryckowian, A.J.; Higginbottom, S.K.; Le, A.; Cowan, T.M.;
Nolan, G.P.; Fischbach, M.A. A gut bacterial pathway metabolizes aromatic amino acids into nine circulating
metabolites. Nature 2017, 551, 648–652.

93. Fan, Y.; Pedersen, O. Gut microbiota in human metabolic health and disease. Nat. Rev. Microbiol. 2021, 19, 55–71.

94. Wang, Y.; Kasper, L.H. The role of microbiome in central nervous system disorders. Brain Behav. Immun. 2014, 38, 1–
12.

95. Fredricks, D.N. Microbial ecology of human skin in health and disease. J. Investig. Dermatol. Symp. Proc. 2001, 6,
167–169.

96. Byrd, A.L.; Belkaid, Y.; Segre, J.A. The human skin microbiome. Nat. Rev. Microbiol. 2018, 16, 143–155.

97. Foulongne, V.; Sauvage, V.; Hebert, C.; Dereure, O.; Cheval, J.; Gouilh, M.A.; Pariente, K.; Segondy, M.; Burguière, A.;
Manuguerra, J.-C. Human skin microbiota: High diversity of DNA viruses identified on the human skin by high
throughput sequencing. PLoS ONE 2012, 7, e38499.

98. Christensen, G.J.M.; Brüggemann, H. Bacterial skin commensals and their role as host guardians. Benef. Microbes.
2014, 5, 201–215.

99. Gomes, J.A.P.; Frizon, L.; Demeda, V.F. Ocular surface microbiome in health and disease. Asia-Pac. J. Ophthalmol.
2020, 9, 505–511.

100. Lee, G.R.; Maarouf, M.; Hendricks, A.J.; Lee, D.E.; Shi, V.Y. Topical probiotics: The unknowns behind their rising
popularity. Dermatol. Online J. 2019, 25, 13030.

101. Boyajian, J.L.; Ghebretatios, M.; Schaly, S.; Islam, P.; Prakash, S. Microbiome and human aging: Probiotic and
prebiotic potentials in longevity, skin health and cellular senescence. Nutrients 2021, 13, 4550.

102. Petra, A.I.; Panagiotidou, S.; Hatziagelaki, E.; Stewart, J.M.; Conti, P.; Theoharides, T.C. Gut-microbiota-brain axis and
its effect on neuropsychiatric disorders with suspected immune dysregulation. Clin. Ther. 2015, 37, 984–995.

103. Bzioueche, H.; Sjödin, K.S.; West, C.E.; Khemis, A.; Rocchi, S.; Passeron, T.; Tulic, M.K. Analysis of matched skin and
gut microbiome of patients with vitiligo reveals deep skin dysbiosis: Link with mitochondrial and immune changes. J.
Investig. Dermatol. 2021, 141, 2280–2290.

104. Tulic, M.K.; Cavazza, E.; Cheli, Y.; Jacquel, A.; Luci, C.; Cardot-Leccia, N.; Hadhiri-Bzioueche, H.; Abbe, P.; Gesson,
M.; Sormani, L. Innate lymphocyte-induced CXCR3B-mediated melanocyte apoptosis is a potential initiator of T-cell
autoreactivity in vitiligo. Nat. Commun. 2019, 10, 2178.

105. Dellacecca, E.R.; Cosgrove, C.; Mukhatayev, Z.; Akhtar, S.; Engelhard, V.H.; Rademaker, A.W.; Knight, K.L.; Le Poole,
I.C. Antibiotics drive microbial imbalance and vitiligo development in mice. J. Investig. Dermatol. 2020, 140, 676–687.

106. Al-Ghazzewi, F.H.; Tester, R.F. Impact of prebiotics and probiotics on skin health. Benef. Microbes. 2014, 5, 99–107.

107. Wallen-Russell, C.; Wallen-Russell, S. Topical Probiotics Do Not Satisfy New Criteria for Effective Use Due to
Insufficient Skin Microbiome Knowledge. Cosmetics 2021, 8, 90.



108. Renuka, S.R.; Kumar, N.A.; Manoharan, D.; Naidu, D.K. Probiotics: A Review on Microbiome That Helps for Better
Health–A Dermatologist’s Perspective. J. Pharmacol. Pharmacother. 2023, 0976500X231175225.

109. Fuchs-Tarlovsky, V.; Marquez-Barba, M.F.; Sriram, K. Probiotics in dermatologic practice. Nutrition 2016, 32, 289–295.

110. Reisch, M.S. Cosmetics: The next microbiome frontier. Mitsui Chem. Catal. Sci. Award 2017, 95, 30–34.

111. Vinderola, G.; Sanders, M.E.; Salminen, S. The concept of postbiotics. Foods 2022, 11, 1077.

112. Zommiti, M.; Feuilloley, M.G.J.; Connil, N. Update of probiotics in human world: A nonstop source of benefactions till
the end of time. Microorganisms 2020, 8, 1907.

113. Miyazaki, K.; Hanamizu, T.; Iizuka, R.; Chiba, K. Bifidobacterium-fermented soy milk extract stimulates hyaluronic acid
production in human skin cells and hairless mouse skin. Ski. Pharmacol. Physiol. 2003, 16, 108–116.

114. Miyazaki, K.; Hanamizu, T.; Sone, T.; Chiba, K.; Kinoshita, T.; Yoshikawa, S. Topical application of Bifidobacterium-
fermented soy milk extract containing genistein and daidzein improves rheological and physiological properties of skin.
J. Cosmet. Sci. 2004, 55, 473–480.

Retrieved from https://encyclopedia.pub/entry/history/show/119476


