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The role of the gut microbiota in acute kidney injury: a
new therapeutic candidate?
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The intestinal microbiota, a community of 100 trillion
microorganisms (more than 1,000 species that consist of
mostly bacteria but also viruses, fungi, and protozoa), plays
an important role in maintaining homeostasis (especially
in regard to mucosal immunity and nutrient metabolism)
in the human gastrointestinal tract [1]. The intestinal epithelial barrier can be divided into three components; a
biological barrier, a physical barrier, and an immune barrier [2]. The biological barrier is composed of bacterial and
fungal symbionts that are closely attached to the intestinal
mucosal surface and compete with pathogenic bacteria.
The physical barrier refers to intestinal epithelial cells
with apical tight junctions (TJs). Changes in TJs can lead
to increased permeability, allowing bacteria, endotoxins,
and macromolecules to enter the circulatory system. The
immune barrier is the third system for maintaining microbial homeostasis. Dendritic cells in the lamina propria
activate T cells to evoke an adaptive immune response.
Innate lymphoid cells located in the gut epithelium have
key defensive functions to produce or activate the release

of immune-activating cytokines.
Recent studies suggest that altered structure and composition of gut microbiota known as dysbiosis are linked
to disrupted homeostasis and pathogenesis of various
diseases, including inflammatory bowel disease, obesity,
diabetes, cancer, Alzheimer disease, nonalcoholic fatty
liver disease, and chronic obstructive pulmonary disease
[1–3]. Therefore, several hypotheses of the “Gut-Brain
Axis,” “Gut-Liver Axis,” “Gut-Lung Axis,” and others have
been proposed to explain the bidirectional complex communication between the gut and other organs. Although
the exact mechanism underlying crosstalk between gut microbiota and distant organs remains uncertain, it has been
proposed that the pathogenesis might be mediated by altering the function of the intestinal barrier, modifying local
and systemic inflammation, controlling the production of
metabolites, and affecting immune responses [1,3,4].
From the point of view of kidney disease, several recent
experimental and clinical data have revealed the existence
of a gut-kidney axis and the pivotal role of gut microbiota
in kidney injury [3,5]. Increasing urea concentration in
chronic kidney disease (CKD) leads to alterations in the
intestinal flora. The potential mechanisms for change in
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microbiome composition include decreased fiber intake,
phosphate binder use, decreased colonic transit time, and
comorbidities such as diabetes. Alterations in the intestinal flora can increase the production of gut-derived toxins
and alter the intestinal epithelial barrier. These changes
can accelerate the process of kidney injury. Probiotics are
“live microorganisms that, when administered in adequate amounts, confer a health benefit on the host” and
have been used as a potential therapeutic option in several
chronic inflammatory disease models, including CKD [6].
To date, only a limited number of studies have investigated the impact of probiotics in the gut-kidney axis during
acute kidney injury (AKI). Yang et al. [7] investigated the
beneficial effects and distant organ influences of prior probiotic supplementation on AKI in a renal ischemia/reperfusion injury (IRI) animal model. Pretreatment of mice
with Bifidobacterium bifidum BGN4 (BGN4) attenuated
AKI-induced dysbiosis and gut barrier disruption. In addition, BGN4 administration significantly reduced the severity of renal IRI and distant organ (liver) injury. These results
were associated with expansion of regulatory T cells and reduced interleukin-17A expression in the colon, mesenteric

lymph nodes, and kidney, suggesting that BGN4-induced
immunomodulation contributes to its renoprotective effect. Previously, the authors demonstrated a bidirectional
relationship between the kidney and intestine in AKI that
renal IRI provoked intestinal dysbiosis and the dysbiotic
microbiota was an important modifier of postischemic kidney outcome due to immune modulatory effects [8]. Moreover, they also reported that Lactobacillus salivarius BP121
attenuated cisplatin-induced kidney injury by decreasing
inflammation, oxidative stress, and serum levels of uremic
toxins and by modulating the gut environment [9]. Recently, some studies have presented the renoprotective effects
of probiotics and gut microbiota-derived metabolites (e.g.,
short-chain fatty acids [SCFAs] and D-serine). Lactobacillus
casei Zhang delayed kidney disease progression in a renal
IRI mouse model and also in patients with CKD by increasing the levels of SCFAs and via nicotinamide metabolism,
which together modulate the inflammatory response of
local macrophages and tubular epithelial cells [6]. Furthermore, administration of SCFAs (acetate, propionate, and
butyrate) attenuated inflammation in kidney epithelial and
immune cells and ameliorated renal IRI through modula-
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Figure 1. The bidirectional relationship between the gut microbiota and kidney and the proposed protective role of probiotics
and their metabolites in acute kidney injury.
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tion of the inflammatory process, most likely via epigenetic
modification. Gut microbiota-derived D-serine was shown
to reduce tubular damage in AKI. In addition, a microbial
cocktail of Escherichia, Bacillus, and Enterobacter exhibited
a protective effect in nephrotoxin-induced AKI [10]. Although these studies indicate the bidirectional relationship
between the intestinal microbiota and kidney through the
gut-kidney axis in AKI, the precise mechanisms by which
these processes act remain unclear.
Based on the studies mentioned above, crosstalk in the
gut-kidney axis during AKI can be explained as follows. (1)
AKI induces intestinal dysbiosis and barrier disruption (often referred to as “leaky gut”); (2) dysbiosis and leaky gut
alter mucosal immune responses, which leads to accumulation of neutrophils and proinflammatory macrophages
and activation of the Th17 pathway; (3) a shift in mucosal
immunity toward proinflammatory status can aggravate
kidney and distant organ injury via systemic inflammation;
and (4) probiotics or their metabolites might have a potential renoprotective effect by restoring the intestinal microbiota and gut environment through immune modulation
(Fig. 1).
In summary, the interactions between the gut microbiota
and the kidney are important in AKI, and probiotics are a
potential therapeutic approach for AKI (Fig. 1). However,
the research results were insufficient because they have not
been applied to humans, and it remains unclear whether
administration of probiotics after AKI development has
a protective effect on renal function. Future studies are
needed to clarify the role of the intestinal microbiota in AKI
and to explore whether modification of the gut microbiota
using probiotics or supplementation with their metabolites
is a potential therapeutic option.
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