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Chronic kidney disease (CKD) is projected to become the fifth global cause of death by 2040 as a result of key
shortcomings in the current methods available to diagnose and treat kidney diseases. In this regard, the novel
holobiont concept, used to describe an individual host and its microbial community, may pave the way towards a
better understanding of kidney disease pathogenesis and progression. Microbiota-modulating or -derived

interventions include probiotics, prebiotics, synbiotics and postbiotics.
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| 1. The Global Burden of Kidney Disease

Chronic kidney disease (CKD) is to date defined by the measurement of the estimated glomerular filtration rate
(eGFR, i.e., a measure of kidney function) and albuminuria (i.e., a measure of kidney injury), which are associated
with a combined risk of premature all-cause and cardiovascular death, CKD progression and acute kidney injury
(AKI) . Despite recent advances in the field, CKD is estimated to become the fifth global cause of death by 2040
and the second cause of death by the end of this century in countries with a long-life expectancy [&. These
projections illustrate key shortcomings in the current methods used to diagnose and treat kidney diseases. As
such, an improved understanding of the underlying pathogenesis of CKD may help researchers identifying novel
diagnostic clues and therapeutic targets. In this regard, the holobiont concept, a term used to describe an individual
host and its microbial community, including viruses and cellular microorganisms B, may pave the way to a better
understanding of the pathogenesis of CKD. There is indeed increasing evidence suggesting that health and
disease may be the result of a bilateral interaction between a host and its microbiota, particularly the gut
microbiota. Such interaction may be affected by several factors: disease condition in the host, diet, drugs and
antibiotics 4. Attempts to modulate the host-microbiota interactions have resulted in the design and prescription of

prebiotics, probiotics, synbiotics and postbiotics.

2. The Gut Microbiota: A Key Modifier of Kidney Disease and
Health

In recent years, a key role of the gut microbiota as a homeostasis modulator, influencing both health and disease,

has emerged in the context of CKD B8l |ndeed, there is a close connection between intestinal dysbiosis,
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hypervolemia, systemic inflammation, myocardial stunning and the malnutrition-inflammation syndrome in CKD
populations . Kidney disease may influence the gut microbiota through several mechanisms, ranging from the
influence of the uremic milieu to the impact of prescribed diets (e.g., low potassium diets are often low in dietary
fiber), as well as the frequent use of antibiotics and polypharmacy which may adversely modulate the gut
microbiota B0 Conversely, an altered gut microbiota may contribute to CKD development and progression by
mediating increased inflammation and/or generating uremic toxins and their precursors 1. The increase in
intestinal permeability resulting from the degradation of the barrier integrity, as a consequence of an altered
microbiota, allows for the transition of endotoxins and bacterial products to the blood. This potentially leads to an
increase in oxidative stress and inflammation, contributing to CKD complications, such as cardiovascular disease
and mineral metabolism disorders. The gut microbiota may also generate indoles, amines and phenols from dietary
components, mainly proteins. These gut-derived metabolites can be metabolized further into the uremic toxins p-
cresyl sulphate (pCS), indoxyl sulphate (IS) and trimethylamine N-Oxide (TMAO) BIi29[12] The presence of uremic
toxins in the circulation may lead to proinflammatory events, promoting the expression of transforming factor-3
(TGF-B1) and the production of reactive oxygen species (ROS) in kidney tubular epithelial cells 231, |S and pCS
also inhibit Klotho expression via gene hypermethylation 14, Klotho has antiaging and nephroprotective effect. All
these factors can lead to an acceleration of CKD progression and of its associated cardiovascular disorders. The
recognition of the interplay between the kidneys and the microbiota has led to increased efforts in the development

of novel therapeutic approaches focused on targeting the microbiota.

| 3. Prebiotics, Probiotics, Synbiotics and Postbiotics

Diet has a large impact on the composition of the microbiota as both humans and their gut microbiota use dietary
components as nutrients. As a result, microbiota-modulating or -derived interventions have emerged, including
probiotics, prebiotics, synbiotics and postbiotics, that could be available as drugs, diet or food supplements [22I16]
(Figure 1). The concepts of probiotics, prebiotics and synbiotics have all been well described in the scientific

literature.
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Figure 1. Prebiotics, probiotics, synbiotics and postbiotics. Prebiotics are molecules that can be metabolized
by the microbiota while probiotics are live strains microorganisms, i.e., individual live components of the microbiota.
When prebiotics and probiotics are used in combination these are named synbiotics. In contrast, postbiotics are the

result of specific bacterial inactivation procedures. Figure created with Biorender.com (license number 9E1540F2).

The term “probiotic” is of Greek origin and means “for life”. It was probably first used in 1954 although its meaning
has changed over time. The current definition was formulated in 2002 by the Food and Agriculture Organization of
United Nations (FAO) and World Health Organization (WHO): “live strains of strictly selected microorganisms
which, when administered in adequate amounts, confer a health benefit on the host”. The definition was adopted

by the International Scientific Association for Probiotics and Prebiotics (ISAPP) in 2013 718l prebiotics were
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defined in 2007 by FAO/WHO as “nonviable food component that confers a health benefit on the host associated
with modulation of the microbiota”. Prebiotics are molecules that can be metabolized by bacteria in the
gastrointestinal tract and include dietary fibers that are metabolized by bacterial enzymes to produce beneficial
metabolites such as short chain fatty acids (SCFAs), including butyrate, acetate and propionate 19, Prebiotics
could be used either as an alternative to probiotics or combined with them 18, In 1995, the term “synbiotic” was
introduced to define the synergistic action of pro- and prebiotics. The main objective of synbiotics is to improve the
survival rate of probiotics inside the intestinal tract, and an appropriate combination should provide an enhanced

effectiveness in comparison to the use of each one individually.

4. The 2019 Concept of Postbiotic: What Is and What Is Not a
Postbiotic

Although probiotics are live microorganisms, by the end of their shelf life they might get injured and die. Little
attention has been paid to the contribution of these dead microorganisms and of the products of fermentation with
regards to any biological impact of probiotics 2%, In 2019, the International Scientific Association of Probiotics and
Prebiotics (ISAPP) defined the concept of postbiotic from a scientific, commercial, and regulatory point of view as a
“preparation of inanimate microorganisms and/or their components that confers a health benefit on the host” 29,
“Preparation” indicates that it should have a specific formulation achieved through certain inactivation methods to
confer any beneficial effects. “Inanimate” refers to the microorganisms that were alive and once they have been
killed, they retain their beneficial effect. The word “components” focuses on the beneficial effect that might be
played by microbial components, such as cell wall components and pili. While microbial metabolites might be
present in postbiotic preparations and might play an essential role, the definition does not include the purified
metabolites lacking cellular biomass. However, until 2019, the literature has frequently used the term incorrectly by
referring to vaccines and purified metabolites, such as SCFAs, proteins and peptides as postbiotics [211122l[23] Thijs

potentially renders obsolete any older literature using the term postbiotic and calls for an urgent reset.

The preparation of a postbiotic should follow defined criteria: firstly, the composition of the microorganism must be
characterized prior to inactivation, for example through genome sequencing. Secondly, the process of inactivation

should be described and verified. Thirdly, the postbiotic preparation must be reported 22,

The main advantages of posthiotics compared to probiotics lies in their stability. Their preparation and composition
render them extremely stable for several years at room temperature, thus making them particularly suitable for
those areas where the maintenance of the cold chain for transport and storage are still a limitation. In addition, they
may have a better safety profile compared to probiotics as they cannot replicate and cause bacteremia or

fungaemia. Nevertheless, safety should still be assessed for any kind of postbiotic 29,

The possible mechanisms of actions of postbiotics include the modulation of resident microbiota, enhancement of
epithelial barrier function, modulation of systemic or local immune responses, modulation of systemic metabolic

responses and system signaling via the nervous system 29 (Figure 2).
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Figure 2. Possible mechanisms of actions of postbiotics. Postbiotics mediate their beneficial effects to the host
via different mechanisms, including modulation of the systemic response via the nervous system (e.g., GABA),
modulation of the microbiome and consequently modulation of the microbiome-derived metabolites, enhancement
of the intestinal epithelial barrier and modulation of the immune system response. Based on 29, Figure created

with Biorender.com (license number 9E1540F2).

| 5. Postbiotics in Kidney Disease

There are no human studies conducted so far that investigated the use of postbiotics in kidney disease. However, a
PubMed search performed in May 2022 identified several preclinical studies that examined the role and function of
postbiotics in kidney-related diseases in animal models. Researchers also found manuscripts published between
2020-2022 that used the term “postbiotic” to refer to compounds that would not be considered postbiotics
according to the 2019 consensus definition 29, In this regard, the short-chain fatty acid (SCFA) butyric acid and its
derivative N-[2-(2-Butyrylamino-ethoxy)-ethyl]-butyramide (BA-NH-NH-BA) are produced by Cutibacterium acnes
and reported to solubilize calcium phosphate 24l A study that applied BA-NH-NH-BA topically in a murine model of
uremic itching, considered this compound as a postbiotic 24, However, this does not comply with the novel
definition proposed by the ISAAP panel since a purified microbial metabolite itself cannot be considered a
postbiotic [24],

Several studies on postbiotics and kidney disease were not very informative as they studied healthy animals or
were too preliminary and did not address in vivo and functional consequences following administration. In aged or
adult mice, treatment with probiotics or probiotics and postbiotics mix (Lactobacillus and Bifidobacterium strains
and their postbiotics compounds selected for potential antioxidative activity) decreased oxidative stress as

assessed by MDA (malondialdehyde) in the kidneys [22!. However, an impact on kidney function was not assessed

https://encyclopedia.pub/entry/27527 5/9



Postbiotics and Kidney Disease | Encyclopedia.pub

and whether or not the combination of postbiotics with probiotics added up to the impact of probiotics alone was

not formally assessed, although a trend towards a greater impact was observed in the higher dose groups.

Fifteen weeks of a diet supplemented by a postbiotic based on lactic acid bacteria in healthy male rabbits was not

associated with differences in kidney function parameters, including serum urea and creatinine 28],

The postbiotic OM-85 is a standardized lysate of 21 bacterial strains, often found in human airways, that is
undergoing clinical trials for diverse respiratory conditions and it has already been authorized in several European
countries 27, The EMA limits its use to the prevention of recurrent respiratory infections 281, A clinical trial
investigating children following the first episode of idiopathic nephrotic syndrome is not yet recruiting
(NCT05044169), but plans to enroll 83 patients to whom OM-85 will be administered for 6 months after remission
with a primary endpoint of one year relapse-free survival rate. Since nephrotic syndrome relapse is frequently
preceded by infections, OM-85 is hypothesized to reduce the incidence of bacterial respiratory infections and, thus,
reduce infection-related relapses. Unfortunately, a comparison to placebo was not considered, making the results
of the trial difficult to interpret. In cultured epithelial cells, including kidney-derived Vero E6 monkey cells, OM-85
downregulated ACE2 and TMPRSS?2 and, as a result, inhibited SARS-CoV-2 cell infection 22, Whilst these results
are promising, the absence of in vivo and clinical studies hampers the translatability and applicability of these

observations.

Oxalobacter formigenes postbiotic could contribute to the maintenance of the balance between renal and enteric
oxalate as it reduced urinary oxalate excretion and supported colonic oxalate secretion in hyperoxaluric rats with
renal insufficiency Y. GABA-salt also has features of a postbiotic and was protective in preclinical diet-induced

kidney injury 21l ad potentially in nephrotoxic acute kidney injury 221,
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