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The intricate interplay of the gut-skin axis reveals the therapeutic potential of postbiotics
in managing atopic dermatitis (AD), a chronic inflammatory skin disorder. The
bidirectional communication between the gut and the skin highlights the role of
microbiota in immune modulation, metabolism, and barrier function. AD has been linked
to dysbiosis of the gut microbiome, mediated by the gut-skin axis and the
neuro-immuno-cutaneous-endocrine (NICE) system. As such, these networks
demonstrate a potential target for treating AD. While probiotics have shown promising
results in addressing skin disorders, concerns about the effects of live microorganisms
have prompted investigation of postbiotics, nonviable microorganisms and their
byproducts. This safer and more stable alternative exhibits immunomodulatory effects
and includes short-chain fatty acids, cell wall fragments, enzymes, and neuropeptides.
Effects from strengthening epithelial barriers, protecting against pathogens, and
downregulating inflammation have been described with their use. This paper establishes
the groundwork supporting the use of postbiotics as a promising therapeutic approach
for AD, offering similar benefits to live probiotics without the associated concerns and
constraints. Mainly, Lactobacillus and Bifidobacterium strains and their components,
emerge as key modulators of the NICE network. Through this holistic approach, the use
of postbiotics aims to address the multifaceted nature of AD. This research establishes
the foundation for further exploration the clinical efficacy of postbiotics in long-term AD

management.

INTRODUCTION

The human microbiome, an intricate constellation of mi-
croorganisms, plays a crucial role in health and disease,
influencing a variety of disorders involving the skin and
gastrointestinal (GI) tract.! By modulating these microbes
and their physiologic effects, potential therapeutic inter-
ventions can provide antimicrobial protection, enhance im-
munomodulation, and strengthen epithelial barrier main-
tenance.2 Emerging research on postbiotics—non-viable
microbial cells and their components—suggests they offer
health benefits similar to probiotics but without associated
risk such as infections and gene transfer of antibiotic re-
sistance. Unlike prebiotics, which are substrates utilized
by host microorganisms, postbiotics encompass a range of
substances produced by probiotics that can provide health
benefits, offering a more tolerable and more stable thera-
peutic alternative.3 This paper focuses on the potential of
postbiotics to modulate the gut-skin axis and treat skin dis-
orders such as atopic dermatitis, leveraging their safe pro-
file and robust efficacy.

GUT-SKIN AXIS

The gut-skin axis refers to the bidirectional communication
between gut dysbiosis and skin homeostasis.# Both the gut

and the skin perform immunological and neuroendocrine
functions, constantly adapting to environmental changes
to maintain homeostasis.> Each organ hosts a unique mi-
crobiome that enhances their respective immunoprotective
functions, with systemic circulation enabling communica-
tion via immune cells, hormones, and metabolites. There-
fore, dysbiosis in one can lead to disruptions in both, affect-
ing their functions in immune protection.1.6

The key mediators of gut-skin communication interact
to maintain this crosstalk. Specifically, this includes the
role of immune cells like T cells and dendritic cells, as
well as cytokines like IgA, in forming mucosal-associated
lymphoid tissues (MALTs). These tissues protect against
pathogens and inflammatory triggers, emphasizing their
essential role in the immune system.> Neuroendocrine me-
diators including cortisol, short-chain fatty acids (SCFAs),
serotonin, dopamine, and GABA further modulate the gut-
skin axis to regulate inflammation, itching, and barrier
maintenance.l.” Together, these dynamics constitute the
neuro-immuno-cutaneous-endocrine (NICE) network, act-
ing as the interface between epithelial dysbiosis and facili-
tating the gut-skin connection.8 (See Figure 1)
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PROBIOTICS AND POSTBIOTICS

Probiotics, live microorganisms that modulate the micro-
biome, increase populations of beneficial bacteria to regu-
late and strengthen the host immune response. Probiotics
achieve such positive effects by introducing more quanti-
ties of beneficial bacteria already present.? One of the most
common strains of bacteria in the gut as well as probiotics
is Bifidobacterium, known to promote gut health by its ef-
ficient carbohydrate and tryptophan metabolism. They are
most notable for their use of dietary fiber for production of
SCFAs, which are crucial for maintaining barrier integrity
and modulating the inflammatory response.19 Another mi-
crobe commonly found in the gut and probiotics is Lac-
tobacillus, which mainly generates lactic acid through its
fermentation of refined sugars.!l.12 Along with other mi-
croorganisms, these bacteria facilitate probiotic effects by
clearing toxins, restricting the binding of pathogenic bac-
teria, and bolstering the immune response through their
metabolites.?

When viable probiotic bacteria die, their cell compo-
nents and metabolites remain bioactive and beneficial.l3
This concept underpins postbiotics, the non-viable mi-
croorganisms and their nonliving byproducts that maintain
health effects.2 These bioactive substances—including SC-
FAs, cell wall fragments, enzymes, and other metabo-
lites—continue to exert anti-inflammatory, antioxidant,
immunomodulatory, and antibacterial functions on the gut
and thus improve overall health.14

One mechanism of postbiotics is protecting against
pathogens. Postbiotics can compete with pathogens for ad-
hesion sites, thus preventing their colonization. Certain
metabolites, such as lactic acid and bacteriocins, also con-
tribute by enhancing the antimicrobial properties against
invasive bacteria and biofilms formed by pathogenic bac-
teria. Other mechanisms are strengthening the mucosal
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and epithelial barrier function and regulating immune re-
sponses. Through the modulation of certain cytokines (ie
interleukins and TNF) and the elimination of free radicals,
postbiotics exhibit anti-inflammatory and antioxidative ef-
fects, respectively.2

ATOPIC DERMATITIS

AD is a chronic inflammatory skin disease characterized
by pruritus, dry skin, eczematous patches, and lichenifi-
cation. The pathophysiology centers around impaired skin
barrier function.!® Consequently, irritants, allergens, and
pathogens are able to cross the skin barrier, leading to in-
flammation and the classical symptoms of AD. The primary
mechanism of inflammation in AD arises from an overac-
tive Th2 response, leading to increased IL-4, IL-5, IL-13 and
thus elevated IgE synthesis. The inflammation further dis-

rupts the epithelial barrier and exacerbates the disease.!>
16

GUT MICROBIOME & AD

Compared to healthy individuals, those with AD exhibit a
gut dysbiosis characterized by reduced diversity and lower
counts of Bifidobacterium and Lactobacillus.” This altered
microbial composition in the gastrointestinal tract causes
decreased production of SCFAs, specifically acetate, propi-
onate, and butyrate.!0 These SCFAs maintain the barrier
integrity of the gut and modulate inflammation and im-
mune responses, suggesting a crucial function in influenc-
ing systemic health and AD exacerbations.!? SCFAs also di-
rectly influence the cutaneous microbial profile, serving as
the pivotal link between changes in gut and skin microbial
compositions.!8 Individuals with AD often show increased
levels of pathogenic bacteria, including Staphylococcus au-
reus, Clostridium difficile, and E. coli.1® These bacteria lead
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to immune dysregulation and increased intestinal perme-
ability, worsening symptoms of AD by promoting toxin pro-
duction and further gut barrier disruption.20

The interplay between gut dysbiosis and AD is mediated
by the gut-skin axis and the NICE network. The relationship
depends on an abnormal Th2 immune response and a dys-
functional hypothalamic-pituitary-adrenal (HPA) axis,
which together attenuate the function of the NICE system
in AD.2! This disturbance affects both the circulating im-
mune compounds and the production of neuroendocrine
metabolites within the gut that influence skin health. For
example, tryptophan produced by the gut microbiome in-
duces itch, a common symptom in AD. Interestingly, those
with AD typically have lower levels of Bifidobacterium,
which are key in the metabolism of tryptophan, resulting in
higher levels of this amino acid and the associated itch.1?

Other gut-derived neuroendocrine molecules in the skin
contribute to the pathogenesis and severity of skin dis-
eases, including AD. For instance, substance P, found in
higher levels in individuals with AD, activates keratinocytes
to produce growth factors and mast cells to release hista-
mine, leukotriene, and tumor necrosis factor. These chem-
ical mediators exacerbate skin inflammation, thus are cru-
cial to the understanding of the pruritus seen in AD.22
Gut microbes significantly influence the levels of such neu-
ropeptides, thereby regulating the downstream inflamma-
tory mediators. Lactobacillus, for example, not only facil-
itates skin barrier recovery but also reduces skin
inflammation related to substance P activity.23 This inter-
action emphasizes the complex communication between
the gut microbiome and the skin via neuroendocrine fac-
tors, indicating that modulation of gut microbiota serves as
a potential therapeutic target for managing AD.

These findings underscore that the gut microbiome ac-
tivity influences both local and systemic host responses.
This bidirectional communication facilitates the continu-
ous feedback loop between the gut and the skin, impacting
both organs’ barrier functions and microbiomes. Therefore,
a disruption in the gut microbiome and subsequent skin
barrier dysfunction contributes to the pathogenesis of AD.

EFFECTS OF PROBIOTICS AND POSTBIOTICS ON
THE TREATMENT OF AD

Probiotics target bacterial dysbiosis and the associated im-
mune response to reduce flares of AD as well as systemic
inflammation via the NICE network and the gut-skin axis.24
Postbiotics, nonviable cell metabolites, offer similar im-
munomodulatory effects with fewer risks of side effects
compared to live bacteria.25-27

Heat-treated Lactobacillus strains significantly reduced
the severity of AD in children aged 4-30 months.2¢ Progres-
sive improvements in AD symptoms in adults treated with
other strains of heat-killed Lactobacillus indicate their util-
ity across various age groups.28:29

Interestingly, the efficacy of postbiotics in treating AD is
influenced by both the bacterial strain and the preparation
method. Tyndallization involves repeated cycles of heating
and cooling, to prepare L. rhamnosus.39 Heat-killed Lacto-

bacilli also offer protection from pathogens through bac-
teriocins that exhibit both antimicrobial and immunomod-
ulatory effects.263! In individuals with AD, who are
particularly susceptible to pathogenic bacteria, this defense
mechanism is crucial for preventing overgrowth of mi-
crobes, like Staphylococcus aureus.2* However, it is impor-
tant to recognize the limited number of studies on post-
biotics. Emerging research demonstrates that heat-killed
Lactobacillus strains modulate immune responses, regulat-
ing immune T cells and reducing IgE production in mice
with AD.32

In addition to producing various neurotransmitters, such
as GABA, serotonin, and dopamine, Lactobacilli secrete spe-
cific proteins, including protein p40, p75, and aggregation-
promoting factor, aiding in the intestinal epithelial barrier
integrity and promoting pathogen exclusion.2% This high-
lights the influence on the NICE system by targeting stress
and the HPA axis. Since individuals with AD exhibit a dys-
functional HPA axis and altered NICE involvement, postbi-
otics show potential to alleviate AD symptoms. Bifidobac-
terium strains exhibit promising postbiotic potential in
similar ways as Lactobacillus, by generating SCFAs, exerting
antimicrobial effects, and regulating immune responses.?2
(See Table 1)

By enhancing barrier function, down-regulating inflam-
matory markers, and protecting against pathogens, postbi-
otics offer a potential therapeutic approach to AD.

CONCLUSION

In contrast with live probiotics, postbiotics offer the
promise of a safer approach for treating AD. These non-liv-
ing microorganisms and their metabolites exert therapeutic
actions through immunomodulation, strengthening of ep-
ithelial barriers, and protecting against pathogens. Specific
strains, such as Lactobacillus and Bifidobacterium, and their
components showcase the potential to influence the gut-
skin axis as well as the NICE network.
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Table 1. Postbiotic metabolites and their potential effects

Postbiotic metabolite Effects

Short-chain fatty acids Strengthen epithelial barrier, anti-inflammatory, energy source

(SCFAs)

Lactic acid Immunomodulation, nutrient absorption

Exopolysaccharides Immunomodulation, reinforce gut barrier function, enhance environment for improved efficacy of
other probiotic strains

Lipoteichoic acid (LTA) Immunomodulation by stimulating mast cells response and other antimicrobial effects, anti-
inflammatory

Bacteriocins Antimicrobial, bactericidal effect

Enzymes (peroxidases, Antioxidant by combating reactive oxygen species, anti-inflammatory

etc)

Other proteins (p40, p75, Enhance epithelial barrier, promote pathogen exclusion

etc)

GABA Mood regulation, itch restriction

Dopamine Mood regulation, inhibit hair growth

Acetylcholine Reinforce barrier function

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
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