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Abstract

Acute kidney injury (AKI) is a major clinical problem in native and transplanted kidneys.
Bidirectional interaction between gut microbiota and kidney tissue or the ‘colo-renal’ system is
being recognized as an important modulating factor in AKI. Gut microbes appear to have a
complex but yet poorly understood communication with renal cellular and molecular processes
that affect normal kidney function and response to injury. There have been major recent advances
in the study of the microbiome that provide an opportunity to apply this knowledge to improve our
understanding and treatment of patients with AKI. This mini-review aims to focus on select
general concepts about the microbiome, mechanisms by which the microbiome can modify kidney
function, and data on microbiome and AKI. We have briefly touched on a few topics rather than
comprehensively reviewing the role of microbiome in kidney diseases. We also propose future gut
microbiota-AKI studies based on advances in gut microbiota studies in other human diseases and
experimental models.
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Microbiome overview

An estimated 3.8 x 1013 microbes inhabit the human body, and consequently the human
body has nearly equal numbers of microbial cells and human cells [1]. The bidirectional
evolutionary relationship between intestinal microbes and humans has resulted in a unique
and dynamic interdependence between the two species [2]. Recent advancements in
metagenomic analysis has markedly improved our understanding of microbiota-related
effects in health and disease. Investigations on intestinal microbiota have been the focus of
multiple studies in recent years, and the relationship of intestinal microbiota with the kidney
is being referred to as colo-renal axis. Alterations in intestinal microbiota dynamics
(dysbiosis) has been linked to multiple human diseases, including that of the kidneys [3,4].
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Similarly, kidney diseases appear to results in dysbiosis that could affect complications and
progression of kidney diseases.

Microbiome and AKI

Acute kidney injury (AKI) as a result of ischemia reperfusion (IR) or nephrotoxins is a
significant clinical problem in both native and transplanted kidneys. There has been a large
body of work on immune cells in the kidney and AKI, but it is unclear why immune cells
inhabit the kidney, a traditional non-immune organ. Work on kidney-distant organ cross talk
in AKI generated the possibility that gut bacterial load could alter kidney inflammation [5].
The first mechanistic work on microbiome and AKI initially hypothesized that a low
bacterial burden would decrease kidney lymphocytes. To test this, germ free (GF) mice
kidneys were analyzed for lymphocyte content [6]. Contrary to expectations, GF mice were
found to have an increased kidney natural killer T (NKT) cells and ample numbers of other
T cells. The increased NKT cells in GF mice was confirmed by a later study demonstrating
increased invariant NKT (iNKT) cell numbers and activity in GF mice predisposed to
inflammatory bowel disease and asthma [7]. GF mice subjected to kidney IR injury (IRI)
had worse kidney function. When these GF mice were conventionalized with bacteria from
wild type (WT) mice, the kidney lymphocyte content normalized, and after IR both kidney
function and tissue injury became similar to WT mice [6].

In another study using a kidney IRI model as well as a cisplatin-induced AKI model in
normal mice, 16s RNA metagenomics sequencing of stool post AKI demonstrated unique
patterns of fecal microbiota that were distinct in AKI compared to normal, and different in
ischemic AKI compared to cisplatin-induced AKI [8]. Both Erysipelotrichia and
Lactobacillus were found to increase in AKI. Colonization of mixed AKI-specific
bacteroides sp. to GF mice led to decrease in kidney NKT and B cell frequency, whereas the
frequency of CD8 T cells increased.

The existing data supports the hypothesis that gut microbiota affects kidney function and
kidney resident immune cells through short chain fatty acids (SCFAS), mainly acetate and
propionate. SCFAs are produced as the end products of the fermentation of dietary fibers by
gut microbiota, and are released into the systemic circulation. Administration of SCFAs
(acetate, propionate, and butyrate) was found to significantly improve renal dysfunction in a
model of IR-induced AKI [9]. Although all three SCFAs protected from AKI, both
functionally and histologically, the protection was most pronounced in the group that
received acetate. However, short- and long-term effects of SCFA treatment on kidney need
to be investigated more carefully, especially given a recent study that showed T cell
mediated ureteritis and hydroneophrosis following chronic SCFA treatment [10]. Parallel
investigation demonstrated that an olfactory receptor 78 (OIfr78) present in the
juxtaglomerular apparatus interacts with SCFAs (acetate and propionate) to regulate kidney
function [11]. Furthermore, G protein-coupled receptor 41 (Gpr41) expressed in endothelial
cells of blood vessels is also responsive towards SCFAs [12]. Although, both OIfr78 and
Gpr4l respond to SCFAs to modulate blood pressure regulation and/or kidney function, their
roles in AKI development and progression have not been determined. In addition to
producing hemodynamic effects, SCFAs have also been shown to induce immunologic
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responses by regulating immune cell function and differentiation. In immunocompetent
mice, intestinal colonization stimulated the production of secretory IgA, the differentiation
of effector T helper 1 (TH1), TH2 and TH17 cells, and the development of regulatory T
(Treg) cells [13].

A more recent study showed that depletion of gut microbiota using broad spectrum
antibiotics (1% solution containing ampicillin, metronidazole, neomycin and vancomycin)
protected from IR-induced AKI, and that transplantation of fecal material from untreated
mice abolished the protective effect of antibiotics [14]. Microbiota depletion following
antibiotic treatment was accompanied by a reduction in F4/80 and chemokine receptors
(CX3CR1 and CCR2) expression in the F4/80+ kidney resident and bone marrow
macrophages. The reasons for the seemingly opposing effects of intestinal microbiota on
AKI outcome in this study compared to that of Jang et al [6] are not clear. We speculate that
in contrast to the study using GF mice that lacked all bacteria, antibiotic treatment in normal
mice resulted in selective depletion of deleterious gut microbiota but not AKI protective
bacteria. The effect of microbiota on the development of the immune system in GF mice
may have also contributed to the differences. Nonetheless, the findings of this study in
conjunction with the other direct studies on experimental AKI, suggests a complex role for
microbiota in AKI and the importance of future very carefully designed experiments to
establish the exact pathophysiological role of gut microbiota during AKI.

At the time of the writing of this manuscript, PubMed searches on ‘human AKI and
microbiome’, ‘human AKI and bacteria’, and similar terms found no published original
research on the effects of human AKI on gut microbiome, or vice versa. However, a recent
retrospective study in cirrhotic patients undergoing rifaximin treatment showed reduced
incidence of AKI. The protection observed in this study was thought to be due to an altered
gut microbiota following rifaximin treatment rather than a complete depletion of gut
microflora; however, no microbiota related assessment was carried out [15]. Furthermore,
metagenomic analysis of renal transplant patients found that maintenance
immunosuppressive therapy impacts their fecal microbiome [4]. Similarly, alterations in
fecal microbiota were also observed in adults undergoing liver transplantation. In studies on
AKI to CKD transition and ESRD, there are also changes in intestinal microbiota. Recently,
alterations in intestinal microbiota in ESRD patients were found following uremia [3]. There
were marked differences in the abundance of a large number of bacterial operational
taxonomic units (OTUs, a DNA sequence that represents a species or group of similar
species) between ESRD and control patients. Many uremic toxins (e.g. indoxyl sulfate, p-
cresyl sulfate, phenyl sulfate, cholate, hippurate, dimethylglycine, -y-guanidinobutyrate,
glutarate etc.) are known to be microbial in nature [16]. It is speculated that uremia directly
or indirectly affects the composition of gut microbiota, and translocation of bacterial
products across the leaky intestinal barrier activates the immune system, resulting in
systemic inflammation associated with ESRD and CKD. Similar metabolic changes due to
an altered colo-renal relationship are postulated in AKI, but remain relatively unexplored.
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Microbiome targeted therapy for AKI treatment?

Despite limited published literature, increasing data provides evidence that the gut
microbiota can modulate kidney function in health and disease. Harnessing the recent
developments in microbiome science is a promising direction to develop ways to improve
the outcomes of patients with AKI. In addition to directly decreasing incidence and
improving renal recovery, patients may be stratified on the basis of the composition of their
intestinal microbiomes and their metabolites. These microbiota and metabolomics
assessment may allow personalized treatment options for patients. The public may also be
more receptive to therapies based on “natural” approaches targeting the gut microbiota
compared to pharmacologic and recombinant DNA based therapeutics felt to be less holistic.
These “natural” approaches using prebiotic, probiotics and synbiotics could potentially treat
dysbiosis during AKI and increase disposal of harmful metabolites. Furthermore,
microbiome interventions could have a major impact on the high incidence of serious
infection during AKI as well as cases of sepsis leading to AKI.
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Figure. Colo-renal interactionsduring AKI

Bacteria in the gut can communicate with kidney, and among the identified factors are short
chain fatty acids (SCFAs). During experimental AKI, gut bacteria can modify immune cells
and other pathophysiologic mediators to alter the course of AKI. AKI can in turn modify gut
bacteria. Therapeutic strategies for AKI include modification of gut bacteria with pre-and

pro-biotics, as well as targeting SCFAs and their receptors.
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