
Open AccessISSN: 2161-0959

Journal of Nephrology & TherapeuticsMini Review
Volume 14:01, 2024

*Address for Correspondence: Emmanuel Anteyi, Clinical Research & 
Development, Kibow Therapeutics, Inc 4781 West Chester Pike, Newtown Square, 
PA 19073, USA, Tel: 5714300753; E-mail: e.anteyi@kibowbiotech.com

Copyright: © 2024 Anteyi E, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Received: 01 January, 2024; Manuscript No. jnt-23-118437; Editor Assigned: 
02 January, 2024; PreQC No. P-118437; Reviewed: 17 January, 2024; QC No. 
Q-118437; Revised: 23 January, 2024, Manuscript No. R-118437; Published: 31 
January, 2024, DOI: 10.37421/2161-0959.2024.14.481

Targeting Inflammation to Slow CKD Progression- Role of Gut 
Microbiome Based Therapy
Emmanuel Anteyi*, Natarajan Ranganathan and Usha Vyas
Clinical Research & Development, Kibow Therapeutics, Inc 4781 West Chester Pike, Newtown Square, PA 19073, USA

Introduction
Chronic Kidney Disease (CKD) is a worldwide public health problem 

associated with high morbidity, mortality and disproportionately higher 
healthcare expenditure compared to other disease conditions [1]. CKD has been 
projected to be among leading top five causes of death worldwide attributed 
to elderly population and high prevalence of cardiovascular complications 
from diabetes [2]. CKD progression is characterized by persistent low-grade 
systemic inflammation typifies by presence of proinflammatory markers, similar 
to what obtains in other chronic inflammatory conditions such as metabolic 
syndrome, Non-Alcoholic Fatty Liver Disease (NAFLD), Cardiovascular 
Disease (CVD), malignancy and Diabetes Mellitus (DM) [3]. The inflammatory 
process is initiated by tissue injury or presence of foreign particles which 
triggers production of proinflammatory markers culminating in inflammatory 
cascade. This physiological proinflammatory process is controlled or abated by 
counter regulatory production of anti-inflammatory molecules and any residual 
and persistent low-grade inflammation is either due to failure to discontinue 
the inflammatory cascade or there is a continued generation of ongoing pro-
inflammatory markers [3,4]. 

This persistent inflammatory phenomenon was also found in conditions 
associated with poor nutritional status, gut microbiota dysbiosis, infections, 
dyslipidemia, and stress [4]. Inflammation plays significant components in 
uremic toxemia, oxidative stress, infections, dyslipidemia, malnutrition, volume 

overload and dialysis treatment, which are well known contributing factors to 
CKD progression and related cardiovascular complications [4,5]. Targeting 
inflammatory pathway plays a key role in therapeutic approach in CKD 
progression such as Renin-Aldosterone Angiotensin System (RAAS) blockers, 
Sodium Glucose Co-transporter 2 inhibitor (SGLT2i), Mineralocorticoid 
Receptor Antagonist (MRA) and other anti-inflammatory agents undergoing 
clinical development [6]. Despite evidence of clinical benefits of these 
medications as Standard Of Care (SOC) therapy, risk for disease progression 
persists, necessitating further search for a safe novel therapy targeting 
inflammation in high-risk patients for CKD progression. 

Recent evidence of systemic inflammation in CKD-associated gut dysbiosis 
has provided further mechanistic insight into the complex relationship between 
inflammation and molecular, immunological, and metabolic pathways in CKD 
progression [7,8]. Exploring gut microbiota modulation targeting inflammatory 
process to slow CKD progression is a pivotal intervention central to these 
complex and interrelated pathophysiological phenomena [9]. The purpose 
of this review is to briefly summarize the key roles of inflammation and gut 
microbiome changes in CKD progression and discuss gut microbiome-based 
therapy options to slow CKD progression.

Inflammation and CKD progression
Recent reviews on therapeutic options to retard progression of kidney 

diseases highlighted the central role of inflammation in initiation and outcome 
of CKD, including its significant relationship with pathophysiological pathways 
of hemodynamic, metabolic, and immunologic factors [4,6,10]. Potential 
therapy to slow CKD progression would, therefore, be multi-approach, 
preferably combination therapies to target the complex pathways addressing 
the various incompletely understood pathogenetic mechanisms [10]. The need 
for novel multi-approach to inflammation of CKD was further supported by 
recent findings that despite available effective agents such as RAAS blockers, 
SGLT2 inhibitors and MRA as standard of care therapy for kidney protection, 
a significant proportion of patients still develop ESRD [6,11,12]. This points to 
the fact that treatment gaps exist and significant limitations of clinical benefits 
by current SOC therapy in CKD. The unmet needs in high-risk patients for 
CKD progression necessitate discovery and development of novel therapies 
targeting inflammatory pathways.
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Inflammation is a well-recognized pathway in CKD pathogenesis as 
demonstrated by reduced disease progression in response to intervention 
with anti-inflammatory agents [13,14]. Despite the potential benefits, clinical 
development of some of these anti-inflammatory agents were discontinued 
for reasons ranging from drug safety concerns to uncertain future investment 
returns and recent approval of SGLT2i and MRA in CKD treatment, raised the 
required standard for potential pipeline products in treatment of kidney disease 
progression [6,15]. Recent advances in gut microbiome-based therapy 
approaches provides additional opportunity to explore safe and effective novel 
anti-inflammatory to curb the high CKD and ESRD incidence [16,17].

The principle of inflammation is based on detection and elimination of 
harmful pathogens through interaction of resident renal parenchymal cells 
and various immune cells, a process initiated through either stress or injury, 
leading to irreversible tissue damage and organ dysfunction [10,18]. In the 
kidneys, the initial cellular interactions are between resident parenchymal 
immune cells (macrophages, dendritic cells) and circulating immune cells 
(monocytes, lymphocytes, neutrophils) [19]. The exact mechanistic process 
involved in inflammation of CKD progression is not well understood, but is 
known to include contribution from hemodynamic, immunologic, and metabolic 
etiological factors [20]. 

Further findings showed that even CKD that is not immune mediated in 
etiology, has inflammation playing a significant pathogenetic role in disease 
progression [21]. Initiation of inflammatory process depends mainly on resident 
immune cells whose key responsibility is to maintain tissue homeostasis 
between the Dendritic Cells (DC), macrophages, regulatory T cells (Tregs), 
CD8, NK lymphocytes, who are closely in contact and interact with renal 
parenchymal cells [22]. Once these cells are triggered by kidney injury 
from external or internal agents (microbial antigens, toxins, hyperglycemia, 
proteinuria) produce inflammatory mediators, initiating inflammatory cascade 
that sets the process of kidney disease progression. As a result of initiation of 
inflammatory process, a counter-regulatory physiological response is triggered 
to control inflammation, repair tissue damage, and restore homeostasis [23]. 

This key initiating step involve activation of DC, leading to enhance  in 
activity of CD8+T, CD4+T and TH2 causing glomerulopathy with infiltrations 
by macrophages thereby amplify repeated processes of repair and fibrotic 
changes [4,10,23,24]. The onset of glomerulopathy and proteinuria triggers 
RAAS which further increased production of several proinflammatory factors, 
cytokines, chemokines, and growth factors (Figure 1). These secondary 
responses activate innate immunity and signaling transcription factors 
particularly NK-kB, NLRP3 inflammasome, TLR, NrF2. 

The activated transcriptomes regulate proinflammatory and senescence 
factors (IL-6, TNFα, CCR2, CCR5, JAK-STAT2, MCP1, klotho-α), thereby 
setting a vicious cascade of aggravated inflammation and renal fibrosis [23,25] 
(Figure 1). Further insight in recent Acute Kidney Injury (AKI) and CKD models 
showed the inflammatory process in AKI persists and continues to CKD, even 
after the renal function was restored, confirming strong association between 
low-grade inflammation and slow development of disease progression 
and fibrosis [26,27]. Mechanistic studies of how the activation of these 
cells and receptors and outcomes measures are potential targets for novel 
therapeutic agents in CKD progression. Clear understanding of inflammatory 
pathways triggered by uremic toxins forms the basis to explore benefits of 
Live Biotherapeutic Products (LBP) as gut microbiome-based therapy in CKD 
progression [28].

Gut microbiome in CKD progression
The human gastrointestinal tract harbors complex commensal 

microorganisms of bacteria, archaea, small eukaryotes, and viruses called 
microbiomes. The human microbiome is predominantly located in the colon 
consisting mainly of diverse bacteria, whose cell composition is 10 times 
greater than human cells [29]. Factors affecting gut microbiota composition 
and function include host factors such as mode of birth delivery, gestational 
age, breastfeeding, age, diet, geographical location, antibiotic use, sanitation 
[28]. Various studies showed microbiome-host interactions modulate 
many vital functions in healthy human host such as metabolism, immunity, 
cardiovascular and neurological functions [30]. The gut microbiota and host 

are in a mutualistic relationship with microbiota utilizing host nutrients in a 
conducive environment and at same time modulating large vital functions of 
host immunity and metabolic process [31]. Additionally, these bacteria encode 
enzymes to produce metabolites essential to host health, such as vitamins, bile 
acids, choline, and Short Chain Fatty Acids (SCFA). 

The SCFA are fermentation products of non-digestible dietary 
carbohydrate by gut microbiota consisting mainly of butyrate, propionate, and 
acetate whose main functions are provision of energy source for colonocytes, 
maintain integrity of intestinal barrier, regulates glucose and lipid metabolism, 
and regulates immune system [32]. Specific aspects of immune regulation 
involve attenuation of NF-kB activation and inhibition of proinflammatory 
cytokine production through activity of Tregs cells, protecting against 
sustained activation of immune system [33,34]. In addition, SCFA inhibits 
histone deacetylases through their action on G-Protein Coupled Receptors 
which includes GPR41 (FFAR3), GPR43 (FFAR2) and GPR109a responsible 
for regulating various functions and metabolic effects of adipocytes, immune 
and vascular endothelial cells [35]. Persistent and low-grade inflammation 
is a known process associated with many chronic diseases like CKD, 
cardiovascular, metabolic syndrome, neurological and allergic disorder [36]. 

The initiation of inflammation starts with gut microbial-host interaction, 
resulting in functional and compositional changes of the four main microbiota 
phyla, namely Actinobacteria, Proteobacteria, Firmicutes and Bacteriodetes 

Figure 1. Summary of key roles of inflammation in initiation and progression of 
chronic kidney disease. Abbreviations: DC: Dendritic Cells; MC: Macrophages; IL: 
Interleukins; TNF: Tumor Necrosis Factor; GM-CSF: Granulocyte-Macrophage Colony 
Stimulating Factor; TGF: Transfer Growth Factor; NF-KB: Nuclear Factor-Kappa B; 
MCP1: Monocyte Chemoattractant Protein1; CCR2/CCR5: CC-Chemokine Receptor; 
NrF2-Keap1: Nuclear Factor-(erythroid -derived 2)- Like 2; Keap 1: Kelch-Like ECH-
Associated protein 1; ASK1: Apoptosis Signal-regulating Kinase 1 , JAK-STAT2:Janus 
Kinase/Signal Transducers and Activators of Transcription; PDE: Phosphodiesterase; 
ECM: Extracellular Matrix; EMT: Epithelial-to-Mesenchymal Transition.
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[37]. Evidence indicates that changes in microbiota composition and function 
(gut dysbiosis) causes gut inflammation and disruption of intestinal barrier 
integrity, (“leaky bowel”) results in activation of NF-kB pathway and eventual 
development of systemic inflammation [38]. Consequences of disrupted 
intestinal barrier includes translocation of bacterial toxins, Lipopolysaccharide 
(LPS), uremic toxins and endotoxemia with increased production of 
proinflammatory cytokines and gut-derived uremic toxins (IS, PCS, TMAO) 
which further worsens inflammation, increases proinflammatory cytokines 
and Reactive Oxygen Species (ROS) production [39,40]. High levels of 
uremic toxins have been implicated in pathogenesis of renal fibrosis and cell 
senescence through mechanistic reduction of klotho expression [41,42]. 

The relationship between kidney dysfunction and gut dysbiosis is 
bidirectional, termed ‘’Gut-kidney axis’’ in which CKD causes gut microbial 
changes (dysbiosis) and in turn worsens CKD, aggravated by complications 
of metabolic acidosis, hypervolemia, prolonged colonic transit time, antibiotic 
use, intestinal wall edema and poor dietary fiber intake [10,43-45]. The 
systemic inflammation induced by gut dysbiosis is characterized by increased 
composition of colon bacteria families possessing enzymes that generate 
uremic toxins compared to dietary fiber degraders that produce beneficial 
SCFA metabolite, given rise to reduced SCFA production, accumulation of 
harmful metabolites and endotoxemia prior to systemic inflammation [46,47] 
(Figure 2).

Targeting inflammation with gut microbiome-based therapy
Previous interventions in CKD progression directly targeting various 

specific inflammatory markers have not significantly reduced high CKD burden 
[48]. Various mechanistic studies have shown that current recommended 
RAAS blockers, SGLT2i, MRA and GLP-1 receptor agonist anti-inflammatory 
benefits were attributed to secondary reduction of glomerular hyperfiltration 
and proteinuria [49-51]. Additionally, there are ongoing clinical development 
of various therapeutic agents targeting specific inflammatory markers such 
as NrF2 activators, Endothelin-1 Receptor Agonist (ERA), Soluble Guanyl 
Cyclase Activator(sGC), Anti-inflammatory cytokines (anti-TNF, IL-6, CCL2, 
NF-kB) and cell therapy [52-54]. 

Several studies have reported that CKD -associated gut microbiome 

changes have a direct relationship with disease progression and live 
biotherapeutic interventions to restore colonic bacteria balance (eubiosis) are 
known to improve biochemical and clinical outcomes in CKD [55,56]. Targeting 
CKD- induced inflammation with microbiome-based therapy addresses 
pathways that reduce uremic toxins, increase beneficial SCFA metabolites, 
restores epithelial barrier, regulates immune system, and decreases persistent 
low-grade inflammation [57]. 

The dietary approach is well known cost-effective approach to modulate 
gut microbiome with recommendation that support plant-based diets and low 
animal protein to decrease bacterial proteolytic fermentation while promoting 
and increasing saccharolytic bacterial composition. This dietary regime 
affects microbiota composition that reduces inflammation and uremic toxin 
production associated with CKD progression and CVD complications [58,59]. 
The goal of gut-based microbiome intervention primarily is normalization of 
CKD-associated dysbiosis by reducing composition and activity of proteolytic 
bacterial species while increasing that of saccharolytic species, classified 
as prebiotics, probiotics and synbiotics [60]. Prebiotics are non-digestible 
carbohydrate fibers selectively used as substrates by host microorganisms to 
confer a health benefit (examples of dietary fiber are inulin, resistant starch, 
fructo- and galacto-oligossacharide) [61]. 

Probiotics are live microorganisms, which when administered in adequate 
amounts confer a health benefit on the host (examples of probiotic strains 
include, Bifidobacterium, Lactobacillus and Streptococcus species) [62]. 
Several studies reported probiotics significantly reduce gut derived uremic 
toxins, inflammatory markers and proinflammatory cytokines in all CKD 
stages. These clinical benefits corresponded to changes in colonic bacteria 
taxa providing further proof of gut-kidney involvement in CKD progression. 
Synbiotics is a combined therapy of prebiotics and probiotics synergistically 
reduce the effect of uremic toxins and ameliorate gut dysbiosis in CKD 
progression [63]. Intervention studies in advanced CKD using combination 
prebiotic (Inulin, fructo-oligosaccharide, galacto-oligossacharide) and probiotic 
(lactobacilli, streptococci, Bifidobacterium) showed altered composition of 
fecal microbiome with increased Bifidobacterium, and while pathogenic 
Ruminococaeceae were reduced [64,65]. In addition, various synbiotic 
interventions were reported to decrease protein bound uremic toxins such as 

Figure 2. Graphic illustration demonstrating complex relationship between CKD-associated gut microbiome changes (Dysbiosis) and Inflammation in development of chronic kidney 
disease progression. Adapted with Permission from: Mertowska P, Mertowski S, Wojnicka J, et al (2021). Link between Chronic Kidney Disease and Gut Microbiota in Immunological 
and Nutritional Aspects. Nutrients.; 13(10):3637. https://doi.org/10.3390/nu13103637
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p-cresol in Pre-dialysis and dialysis CKD populations [66].

A new concept of postbiotic as adjunctive or alternative therapeutic 
approach in gut homeostasis and immune modulation was recently proposed 
and the term postbiotic refers to products of non-viable bacteria or metabolites 
of probiotic organisms such as vitamins, SCFA, cell surface proteins and 
enzymes that have demonstrated positive effect on gut microbiome and 
host [67]. In contrast to synbiotic products, postbiotics have pharmacokinetic 
properties of absorption, distribution, metabolism, and excretion raising 
concerns on dosage and systemic toxic effects. An experimental postbiotic 
SCFA treatment demonstrated reduction of inflammation and oxidative stress 
in ischemia-reperfusion animal model of kidney injury [68].

Another Live Biotherapeutic Product (LBP) approach is fecal microbiota 
transplantation, as capsules or through colonoscopy, normally sourced from 
healthy donors with preclinical data showing potential benefits in CKD patients. 
This mode of therapy has recently gotten approval for recurrent Clostridium 
difficile infection and clinical benefits have equally been reported in metabolic 
syndrome, autism, IBS, and ESRD-associated bacteremia [69].

In comparison to drug therapy, some of the microbiome-based therapy is 
cheaper with well tolerated fewer side effects across spectrum of CKD /ESRD 
patients.

Conclusion
Inflammatory process plays a central role in the initiation and sustenance 

of CKD progression. The persistence of low-grade systemic inflammation in 
CKD is partly a reason partly given for the high burden of CKD and related CVD 
complications. Despite decades of available effective standard of care therapy 
to slow CKD progression such as RAAS blockers, SGLT2 inhibitor, MRA and 
GLP-1 agonist, the high incidence of CKD/ESRD still persists. The inability 
to reduce CKD public health burden showed that current interventions are 
inadequate to address the complex and interrelated pathogenetic pathways, 
particularly the key and central role of inflammation in initiation and progression 
of kidney disease. Hence, further clinical studies to identify novel therapies 
targeting inflammation will bridge scientific gap and address unmet needs of 
patients who are high risk for CKD progression. Gut dysbiosis is associated 
with systemic inflammation in CKD and hence microbiome modulation through 
microbiota-based therapy is a potential anti-inflammatory therapeutic product 
in retarding disease progression.

Acknowledgement 
Sumanth Narayana helped with graphical and digital illustrations of 

Figures 1 and 2.

Disclosures
No conflict of interest.

Authors Contribution
Conceptualization: Natarajan Ranganathan

Writing-original draft: Emmanuel Anteyi

Writing-review & editing: Emmanuel Anteyi, Usha Vyas

Data Sources
NA.

Funding
None.

IRB Approval
NA.

References
1.	 Kovesdy, Csaba P. "Epidemiology of chronic kidney disease: An update 2022." 

Kidney Int Suppl 12 (2022): 7-11.

2.	 Hill, Nathan R., Samuel T. Fatoba, Jason L. Oke and Jennifer A. Hirst, et al. "Global 
prevalence of chronic kidney disease-A systematic review and meta-analysis." PloS 
one 11 (2016): e0158765.

3.	 United States Renal Data System. 2022 USRDS Annual Data Report: Epidemiology 
of kidney disease in the United States. National institutes of health; National institute 
of diabetes and digestive and kidney diseases; Bethesda, MD, USA.

4.	 Saurav, Prashant Kadatane, Matthew Satariano, Michael Massey and Kai Mongan, 
et al. "The role of inflammation in CKD." Cells 12 (2023): 1581.

5.	 Mihai, Simona, Elena Codrici, Ionela Daniela Popescu and Ana-Maria Enciu, 
et al. "Inflammation-related mechanisms in chronic kidney disease prediction, 
progression and outcome." J Immunol Res 2018 (2018).

6.	 Rayego-Mateos, Sandra, Raul Rodrigues-Diez, Beatriz Fernandez-Fernandez and 
Carmen Mora-Fernández, et al. "Targeting inflammation to treat diabetic kidney 
disease: The road to 2030." Kidney Int (2022).

7.	 Lau, Wei Ling, Kamyar Kalantar-Zadeh and Nosratola D. Vaziri. "The gut as a 
source of inflammation in chronic kidney disease." Nephron 130 (2015): 92-98.

8.	 Lau, Wei Ling, Javad Savoj, Michael B. Nakata and Nosratola D. Vaziri. "Altered 
microbiome in chronic kidney disease: Systemic effects of gut-derived uremic 
toxins." Clin Sci 132 (2018): 509-522.

9.	 Nallu, Anitha, Shailendra Sharma, Ali Ramezani and Jagadeesan Muralidharan, 
et al. "Gut microbiome in chronic kidney disease: Challenges and opportunities." 
Transl Res 179 (2017): 24-37.

10.	 Andrade-Oliveira, Vinicius, Orestes Foresto-Neto, Ingrid Kazue Mizuno Watanabe 
and Roberto Zatz, et al. "Inflammation in renal diseases: New and old players." 
Front pharmacol 10 (2019): 1192.

11.	 American Diabetes Association Professional Practice Committee: " Chronic kidney 
disease and risk management: Standards of medical care in diabetes-2022." 
Diabetes care 45 (2022): S175-S184.

12.	 JJ, Garcia Sanchez, J. Thompson, D. A. Scott and R. Evans, et al. "Treatments 
for chronic kidney disease: A systematic literature review of randomized controlled 
trials." Adv Ther 39 (2021): 193-220. 

13.	 Akchurin, Oleh M and Frederick Kaskel. "Update on inflammation in chronic kidney 
disease." Blood Purif 39 (2015): 84-92.

14.	 Machowska, Anna, Juan Jesus Carrero, Bengt Lindholm and Peter Stenvinkel. 
"Therapeutics targeting persistent inflammation in chronic kidney disease." Transl 
Res 167 (2016): 204-213.

15.	 Hofherr, Alexis, Julie Williams, Li-Ming Gan and Magnus Söderberg, et al. "Targeting 
inflammation for the treatment of diabetic kidney disease: A five-compartment 
mechanistic model." BMC Nephrol 23 (2022): 208.

16.	 Ranganathan, Natarajan and Emmanuel Anteyi. "The role of dietary fiber and gut 
microbiome modulation in progression of chronic kidney disease." Toxins 14 (2022): 
183.

17.	 Hobby, Gerren P., Oleg Karaduta, Giuseppina F. Dusio and Manisha Singh, et al. 
"Chronic kidney disease and the gut microbiome." Am J Physiol Renal Physiol 316 
(2019): F1211-F1217.

18.	 Singbartl, Kai, Cassandra L. Formeck and John A. Kellum. "Kidney-immune system 
crosstalk in AKI." Semin Nephrol 39 (2019) 96-106.

19.	 Kurts, Christian, Ulf Panzer, Hans-Joachim Anders and Andrew J. Rees. "The 
immune system and kidney disease: Basic concepts and clinical implications." Nat 
Rev Immunol 13 (2013): 738-753.

20.	 Zoccali, Carmine, Raymond Vanholder, Ziad A. Massy and Alberto Ortiz, et al. "The 
systemic nature of CKD." Nat Rev Nephrol 13 (2017): 344-358.



J Nephrol Ther, Volume 14:01, 2024Anteyi E, et al.

Page 5 of 6

21.	 Floege, Jürgen, Mark W. Burns, Charles E. Alpers and Ashio Yoshimura, et al. 
"Glomerular cell proliferation and PDGF expression precede glomerulosclerosis in 
the remnant kidney model." Kidney Int 41 (1992): 297-309.

22.	 Heymann, Felix, Catherine Meyer-Schwesinger, Emma E. Hamilton-Williams and 
Linda Hammerich, et al. "Kidney dendritic cell activation is required for progression 
of renal disease in a mouse model of glomerular injury." J Clin Investig 119 (2009): 
1286-1297.

23.	 Stenvinkel, Peter, Glenn M. Chertow, Prasad Devarajan and Adeera Levin, et al. 
"Chronic inflammation in chronic kidney disease progression: Role of Nrf2." Kidney 
Int Rep 6 (2021): 1775-1787.

24.	 Lv, Wenshan, George W. Booz, Yangang Wang and Fan Fan, et al. "Inflammation 
and renal fibrosis: Recent developments on key signaling molecules as potential 
therapeutic targets." Eur J Pharmacol 820 (2018): 65-76.

25.	 Turner, Clare M., Nishkantha Arulkumaran, Mervyn Singer and Robert J. Unwin, 
et al. "Is the inflammasome a potential therapeutic target in renal disease?." BMC 
Nephrol 15 (2014): 1-13.

26.	 Chawla, Lakhmir S., Paul W. Eggers, Robert A. Star and Paul L. Kimmel. "Acute 
kidney injury and chronic kidney disease as interconnected syndromes." N Engl J 
Med 371 (2014): 58-66.

27.	 Zuk, Anna and Joseph V. Bonventre. "Recent advances on acute kidney injury 
and its consequences and impact on chronic kidney disease." Curr Opin Nephrol 
Hypertens 28 (2019): 397.

28.	 Krukowski, Hubert, Sophie Valkenburg, Avra-Melina Madella and Johan Garssen, 
et al. "Gut microbiome studies in CKD: Opportunities, pitfalls and therapeutic 
potential." Nat Rev Nephrol 19 (2023): 87-101.

29.	 Kho, Zhi Y and Sunil K. Lal. "The human gut microbiome-a potential controller of 
wellness and disease." Front Microbiol 9 (2018): 1835.

30.	 Fan, Yong and Oluf Pedersen. "Gut microbiota in human metabolic health and 
disease." Nat Rev Microbiol 19 (2021): 55-71.

31.	 Vanholder, Raymond and Griet Glorieux. "The intestine and the kidneys: A bad 
marriage can be hazardous." Clin Kidney J 8 (2015): 168-179.

32.	 Rowland, Ian, Glenn Gibson, Almut Heinken and Karen Scott, et al. "Gut microbiota 
functions: Metabolism of nutrients and other food components." Eur J Nutr 57 
(2018): 1-24.

33.	 Chang, Pamela V., Liming Hao, Stefan Offermanns and Ruslan Medzhitov. "The 
microbial metabolite butyrate regulates intestinal macrophage function via histone 
deacetylase inhibition." Proc Natl Acad Sci 111 (2014): 2247-2252.

34.	 Smith, Patrick M., Michael R. Howitt, Nicolai Panikov and Monia Michaud, et 
al. "The microbial metabolites, short-chain fatty acids, regulate colonic Treg cell 
homeostasis." Science 341 (2013): 569-573.

35.	 Hara, Takafumi, Ikuo Kimura, Daisuke Inoue and Atsuhiko Ichimura, et al. "Free 
fatty acid receptors and their role in regulation of energy metabolism." Rev Physiol 
Biochem Pharmacol 164 (2013): 77-116.

36.	 Chen, Yinwei, Jinghua Zhou and Li Wang. "Role and mechanism of gut microbiota 
in human disease." Front Cell Infect Microbiol 11 (2021): 86.

37.	 Carding, Simon, Kristin Verbeke, Daniel T. Vipond and Bernard M. Corfe, et al. 
"Dysbiosis of the gut microbiota in disease." Microb Ecol Health Dis 26 (2015): 
26191.

38.	 Anders, Hans-Joachim, Kirstin Andersen and Bärbel Stecher. "The intestinal 
microbiota, a leaky gut, and abnormal immunity in kidney disease." Kidney Int 83 
(2013): 1010-1016.

39.	 Rysz, Jacek, Beata Franczyk, Janusz Ławiński and Robert Olszewski, et al. "The 
impact of CKD on uremic toxins and gut microbiota." Toxins 13 (2021): 252.

40.	 Graboski, Amanda L and Matthew R. Redinbo. "Gut-derived protein-bound uremic 
toxins." Toxins 12 (2020): 590.

41.	 Yang, Yi, Milos Mihajlovic and Rosalinde Masereeuw. "Protein-bound uremic toxins 
in senescence and kidney fibrosis." Biomedicines 11 (2023): 2408.

42.	 Yang, Yi, Milos Mihajlovic, Manoe J. Janssen and Rosalinde Masereeuw. "The 
uremic toxin indoxyl sulfate accelerates senescence in kidney proximal tubule 
cells." Toxins 15 (2023): 242.

43.	 Glorieux, Griet, Sanjay K. Nigam, Raymond Vanholder and Francis Verbeke. "Role 

of the microbiome in gut-heart-kidney cross talk." Circ Res 132 (2023): 1064-1083.

44.	 Evenepoel, Pieter, Ruben Poesen and Björn Meijers. "The gut-kidney axis." Pediatr 
Nephrol 32 (2017): 2005-2014.

45.	 Vaziri, Nosratola D., Jun Yuan, Sohrab Nazertehrani and Zhenmin Ni, et al. "Chronic 
kidney disease causes disruption of gastric and small intestinal epithelial tight 
junction." Am J Nephrol 38 (2013): 99-103.

46.	 Mafra, Denise, Natália Borges, Livia Alvarenga and Marta Esgalhado, et al. "Dietary 
components that may influence the disturbed gut microbiota in chronic kidney 
disease." Nutrients 11 (2019): 496.

47.	 Russell, Wendy R., Silvia W. Gratz, Sylvia H. Duncan and Grietje Holtrop, et al. 
"High-protein, reduced-carbohydrate weight-loss diets promote metabolite profiles 
likely to be detrimental to colonic health." Am J Clin Nutr 93 (2011): 1062-1072.

48.	 Ruiz-Ortega, Marta, Sandra Rayego-Mateos, Santiago Lamas and Alberto Ortiz, 
et al. "Targeting the progression of chronic kidney disease." Nat Rev Nephrol 16 
(2020): 269-288.

49.	 Yaribeygi, Habib, Alexandra E. Butler, Stephen L. Atkin and Niki Katsiki, et al. 
"Sodium-glucose cotransporter 2 inhibitors and inflammation in chronic kidney 
disease: Possible molecular pathways." J Cell Physiol 234 (2019): 223-230.

50.	 Remuzzi, Giuseppe, Norberto Perico, Manuel Macia and Piero Ruggenenti. "The 
role of renin-angiotensin-aldosterone system in the progression of chronic kidney 
disease." Kidney Int 68 (2005): S57-S65.

51.	 Winiarska, Agata, Monika Knysak, Katarzyna Nabrdalik and Janusz Gumprecht, 
et al. "Inflammation and oxidative stress in diabetic kidney disease: The targets 
for SGLT2 inhibitors and GLP-1 receptor agonists." Int J Mol Sci 22 (2021): 10822.

52.	 Robledinos-Antón, Natalia, Raquel Fernández-Ginés, Gina Manda and Antonio 
Cuadrado. "Activators and inhibitors of NRF2: A review of their potential for clinical 
development." Oxid Med Cell Longev 2019 (2019).

53.	 "Exploring molecular targets in diabetic kidney disease." Kidney Res Clin Pract 
(2022).

54.	 Cantero-Navarro, Elena, Sandra Rayego-Mateos, Macarena Orejudo and Lucía 
Tejedor-Santamaria, et al. "Role of macrophages and related cytokines in kidney 
disease." Front Med 8 (2021): 688060.

55.	 Castillo-Rodriguez, Esmeralda, Raul Fernandez-Prado, Raquel Esteras and Maria 
Vanessa Perez-Gomez, et al. "Impact of altered intestinal microbiota on chronic 
kidney disease progression."Toxins 10 (2018): 300.

56.	 Wing, Maria R., Samir S. Patel, Ali Ramezani and Dominic S. Raj. "Gut microbiome 
in chronic kidney disease." Exp Physiol 101 (2016): 471-477.

57.	 Ramezani, Ali and Dominic S. Raj. "The gut microbiome, kidney disease and 
targeted interventions." J Am Soc Nephrol 25 (2014): 657.

58.	 Camerotto, Carla, Adamasco Cupisti, Claudia D’Alessandro and Fulvio Muzio, et al. 
"Dietary fiber and gut microbiota in renal diets." Nutrients 11 (2019): 2149.

59.	 Wiese, Gretchen N., Annabel Biruete, Ranjani N. Moorthi and Sharon M. Moe, et 
al. "Plant-based diets, the gut microbiota, and trimethylamine N-oxide production in 
chronic kidney disease: Therapeutic potential and methodological considerations." 
J Ren Nutr 31 (2021): 121-131.

60.	 Sumida, Keiichi, Wei Ling Lau, Csaba P. Kovesdy and Kamyar Kalantar-Zadeh, 
et al. "Microbiome modulation as a novel therapeutic approach in chronic kidney 
disease." Curr Opin Nephrol Hypertens 30 (2021): 75-84.

61.	 Gibson, Glenn R., Robert Hutkins, Mary Ellen Sanders and Susan L. Prescott, 
et al. "Expert consensus document: The International Scientific Association for 
Probiotics and Prebiotics (ISAPP) consensus statement on the definition and scope 
of prebiotics." Nat Rev Gastroenterol Hepatol 14 (2017): 491-502.

62.	 Hill, Colin, Francisco Guarner, Gregor Reid and Glenn R. Gibson, et al. "Activity of 
cecropin P1 and FA-LL-37 against urogenital microflora." Nat Rev Gastroenterol 
Hepatol 11 (2014): 506.



J Nephrol Ther, Volume 14:01, 2024Anteyi E, et al.

Page 6 of 6

63.	 Swanson, Kelly S., Glenn R. Gibson, Robert Hutkins and Raylene A. Reimer, et 
al. "The International Scientific Association for Probiotics and Prebiotics (ISAPP) 
consensus statement on the definition and scope of synbiotics." Nat Rev 
Gastroenterol Hepatol 17 (2020): 687-701.

64.	 Cosola, Carmela, Maria Teresa Rocchetti, Ighli di Bari and Paola Maria Acquaviva, 
et al. "An innovative synbiotic formulation decreases free serum indoxyl sulfate, 
small intestine permeability and ameliorates gastrointestinal symptoms in a 
randomized pilot trial in stage IIIb-IV CKD patients." Toxins 13 (2021): 334.

65.	 Vaziri, Nosratola D. "Effect of synbiotic therapy on gut-derived uremic toxins and the 
intestinal microbiome in patients with CKD." Clin J Am Soc Nephrol 11 (2016): 199.

66.	 Liu, Sixiu, Hua Liu, Lei Chen and Shan-Shan Liang, et al. "Effect of probiotics on 
the intestinal microbiota of hemodialysis patients: A randomized trial." Eur J Nutr 59 
(2020): 3755-3766.

67.	 Favero, Chiara, Laura Giordano, Silvia Maria Mihaila and Rosalinde Masereeuw, et 
al. "Postbiotics and kidney disease." Toxins 14 (2022): 623.

68.	 Mosca, Alexis, Ana Teresa Abreu Y Abreu, Kok Ann Gwee and Gianluca Ianiro, et 
al. "The clinical evidence for postbiotics as microbial therapeutics." Gut Microbes 
14 (2022): 2117508.

69.	 Benech, Nicolas and Laetitia Koppe. "Is there a place for faecal microbiota 
transplantation in chronic kidney disease?." Nephrol Dial Transplant 37 (2022): 
2303-2306.

How to cite this article: Anteyi, Emmanuel, Natarajan Ranganathan and Usha 
Vyas. “Targeting Inflammation to Slow CKD Progression- Role of Gut Microbiome 
Based Therapy.” J Nephrol Ther 14 (2024): 481.


