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Hypertension is an important risk factor for CKD, and approximately 85–90% of patients with stage 3–5 CKD have 
hypertension .

Current management of early stage CKD focuses;

on blood pressure, 

reduction of protein and salt intake,

prevention of acute kidney injury and 

glycaemic control.

No cure or strategy for prevention of CKD exists,

Thus, paradigm-shifting concepts and innovative approaches are needed to detect, manage, control and 
ultimately cure these diseases. 



The gut microbiota constantly communicates 
with vital organ systems of the host, such as 
the brain , bone marrow , vasculature , 
kidney , immune system and autonomic 
nervous system (ANS).

Bone-marrow-derived immune cells are 
activated by the gut microbiota, leading to 
low-grade inflammation that affects the 
brain, ANS and the kidney via the circulation. 

In addition, immune and gut microbiota-
derived products affect renal function and 
have important effects on CKD. 

Gut dysbiosis has an important role in many 
chronic diseases, and amelioration of this 
dysbiosis could be a potential strategy for the 
prevention and management of these 
diseases.



• The gut harbours trillions of microorganisms.

• Initial microbial colonization …. trans vertically during birth and to 
continuously evolve to a fairly stable, adult-like composition within the first 3–
5 years of life. 

• In adults, microbial metabolic pathways in the gut are fairly stable, although, 
as mentioned above, environmental factors, especially diet, profoundly modify 
the gut microbiota .



Gut physiology:

goblet cells are enriched in the proximal colon, whereas 
Peyer’s patches are primarily found in the small intestine.

Approximately 70% of the immune cells in the body reside 
in the gut;

The gut is also the second-most innervated organ in the 
body

The complex vascular bed of the gut enables efficient 
absorption

The gut is one of the first major organs to encounter 
environmental factors 

Gut microbial metabolites, including SCFAs that are 
generated 

the SCFA propionate stimulated release of glucagon-like 
peptide 1 (GLP1) and the gut hormone peptide YY (PYY) .

SCFAs also have multiple roles in the maintenance of 
intestinal homeostasis:



• Role of the gut in the immune system:

The gut is the largest immune organ in the body.

• Mucosal immunity is characterized by individually compartmentalized 
gut-associated lymphoid tissues (GALTs).

• critical role not only in determining local immune outcomes but also in 
maintaining systemic physiology. 

A lack of gut microbiota leads to deficient development of the GALT and 
abnormal systemic and central immunity. 

• Germ-free animals have a substantial reduction in the levels of :

• T helper 17 (TH17) cells,

• B cells,

• immunoglobulin A (IgA) and 

• plasma cells, 

• an imbalance of TH1 and TH2 responses and 

• impaired Treg cell function. 

impaired blood–brain barrier integrity,

an exaggerated hypothalamic–pituitary–adrenal response to stress,

increased anxiety-like behaviour76, 

altered neurotransmitter levels and a reduced metabolic rate in the liver.



The gut microbiota in hypertension



• The gut microbiota in CKD:

As gut dysbiosis and altered gut pathology 
are associated with hypertension

a decrease in culturable anaerobic bacteria 
was observed in the faeces of patients with 
stage 3–4 CKD.

an increase in culturable aerobic bacteria 
was reported in the faeces of patients with 
CKD.

patients with ESRD and healthy individuals 
had distinct faecal microbial compositions, 

Moreover, the levels of CRP and IL-6  were 
significantly higher.



• Interestingly, in the 5/6 nephrectomy CKD 
model, the levels of uraemic toxins in serum 
correlated with the abundance of Clostridia-
affiliated and Bacteroidia affiliated species in 
the indigenous gut microbiota106.

• To date, more than 80 uraemic toxins have 
been reported to accumulate in patients with 
CKD.

• Most of these toxins are widely considered to 
contribute to uraemic syndromes.

expression of three genes involved in the 
production of TMA was also significantly 
increased in the gut microbiota of patients with 
CKD . 



• The gut–kidney axis 

• metabolism dependent 

• and 

• immune pathways .

• In the immune for example, lymphocytes, monocytes and cytokines have 
a critical role in communication between the gut and the kidney.

• Crosstalk between the metabolism dependent and immune pathway also 
has an important role in maintaining the balance of the gut–kidney axis.



• Metabolism-dependent pathway. 

• Patients on haemodialysis who had intact 
colons had significantly higher levels of p-
cresyl sulfate and indoxyl sulfate than those 
who did not have colons, indicating an 
important contribution of colonic 
microorganisms to the production of uraemic
toxins.

• Colonic transit time…to the production of 
uraemic toxins.

In addition, as renal function declines, the colon 
replaces the kidney as the primary site of 
excretion of urea and uric acid.

• Constant exposure of colonic epithelial cells to 
urea reduces their viability and decreases 
epithelial barrier function in vitro and disrupts 
colonic tight junction proteins (for example, 
claudin 1, occludin and zonula occludens 1) 
both in vitro and in vivo.



• immune pathway. 

• Another pathway that links the gut microbiota and the kidney is mediated by the immune system.

• Colonization of commensal microbiota in germ-free mice induced changes in the inflammatory cytokine profile in the 
bone marrow, which is the primary site of origin of immune cells. 

• Cytokines have important effects in haematopoiesis, and

• antibiotic mediated depletion of the intestinal microbiota in mice led to the suppression of multipotent progenitors in the 
bone marrow .

• Therefore, the gut microbiota modulates not only the activation of intestinal immune cells but also the profile of immune 
progenitor cells in the bone marrow. 

• Following bone marrow ablation, reconstitution of WKY rats with bone marrow from SHRs led to an elevation in blood 
pressure and inflammation, whereas reconstitution of SHRs with WKY bone marrow had the opposite effect15. 

• In a clinical setting, renal dysfunction has been found in recipients of bone marrow transplants122, suggesting a 
contributory role of the bone marrow in the initiation of kidney inflammation. 

• In addition, immature myeloid cells derived from the bone marrow have been reported to be responsible for elevation in 
the circulating levels of soluble urokinase plasminogen activator surface receptor (suPAR)124, which has been implicated 
in the onset and progression of CKD125.



• Communication between the pathways. 

• The gut microbial metabolite p-cresyl sulfate and indoxyl sulfate bind albumin in the circulation and are rapidly released from albumin immediately 
before being eliminated by tubular secretion.

• The levels of p-cresyl and indoxyl sulfates increase concomitantly with CKD progression, and this increase has been attributed to decreased renal 
clearance and increased production due to gut dysbiosis.

• Gut-microbiota-derived uraemic toxins induce inflammation in the gastrointestinal tract, as evidenced by increased intestinal permeability in patients 
and animals with uraemia, increased penetration of bacteria across the intestinal wall in uraemic rats,the detection of endotoxaemia in patients with 
ESRD and histological evidence of chronic enterocolitis in patients on dialysis.

• Pathological accumulation of p-cresyl and indoxyl sulfates in the circulation results in systemic inflammation in blood vessels, endothelial 
dysfunction, insulin resistance and activation of the renin–angiotensin–aldosterone system, which are all common features of hypertension and CKD. 

• The resulting dysbiosis and deregulation of local gut immune responses perpetuate loss of renal function, accumulation of metabolic wastes and 
changes in metabolic state in a positive feedback loop.

• In addition to expansion of indole-forming and pcresol-forming bacteria, contraction of families of SCFA producing bacteria has been reported in 
patients with ESRD compared with healthy individuals.

• These changes included reductions in the Lactobacillaceae and Prevotellaceae families, which express genes that encode butyrate-forming enzymes 
(phosphotransbutyrylase and butyrate kinase), and in the butyrateproducing bacteria Roseburia spp. and Faecalibacterium prausnitzii. Beneficial 
effects of butyrate on colonic inflammation have been reported.

• In the deoxycorticosterone acetate (DOCA) hypertension model, a highfibre diet that promoted the growth of acetate-producing bacteria and acetate 
supplementation attenuated renal fibrosis. These findings indicate that SCFAs regulate immune responses and attenuate kidney pathology.



• The brain–gut–kidney axis

• Our research group was the first to 
demonstrate a contribution of the brain–
gut–bone-marrow axis to blood pressure 
elevation.

• Emerging evidence has led to expansion of 
this concept to that of the brain–gut– kidney 
axis (Table 2). 

• The brain has considerable involvement in 
the gut–kidney axis through communication 
with metabolism-dependent and immune 
pathways via the sympathetic nervous 
system (SNS).



• Sympathetic nervous system and brain. 

• The occurrence of increased SNS activity in hypertension and CKD is well established. Efferent fibers of the SNS innervate the renal vasculature and 
juxtaglomerular cells, and afferent fibers convey mechanical and chemical information from the kidney. 

• Rapid turnover of noradrenaline in autonomic brain centers has been shown in rats with 5/6-nephrectomy-induced CKD . 

• In addition, the sympathetic dampening agent moxonidine lowers urinary albumin excretion and reduces glomerulosclerosis in subtotally
nephrectomized rats165. 

• These data indicate altered bidirectional autonomic communication between the brain and the kidney in CKD. 

• Uraemic toxins do not have a direct effect on renal afferents, as evidenced by a study that showed similar levels of muscle sympathetic nerve 
activity in patients with uraemia on haemodialysis and in nonuraemic kidney transplant recipients with diseased native kidneys.

• The SNS directly innervates both primary (bone marrow) and secondary (spleen) immune organs. 

• Expression of adrenergic receptors on immune cells residing in immune organs indicates regulatory effects of sympathetic catecholamines on the 
immune system. 

• Both anti-inflammatory and pro-inflammatory effects of adrenergic signalling have been demonstrated, depending upon the subtype of adrenergic 
receptors expressed, the level of activation of specific cell types and the stage of disease progression.

• However, persistent activation of the SNS results in changes in signalling within immune organs and cells towards pro-inflammatory pathways168, as 
observed in hypertension and CKD169,170. 

•



• In addition to peripheral blood vessel control, the SNS regulates water and sodium balance through direct 
innervation of the nephron, the renal vasculature and juxtaglomerular cells. 

• The renorenal reflex is an inhibitory feedback loop that constitutes renal afferent nerves that convey 
signals to the CNS, governing sympathetic outflow . 

• An impaired renorenal reflex in hypertension and CKD leads to augmented sympathetic excitation to the 
blood vessels, heart and kidney161. 

• Multiple central neural sites have been implicated in the regulation of sympathetic outflow, including the 
paraventricular nucleus of hypothalamus (PVN), NTS and rostral ventrolateral medulla (RVLM). 

• These regions communicate with each other and integrate diverse inputs to determine the tonicity of 
sympathetic outflow171.



• Am J Physiol Regul Integr Comp Physiol 309: R444 –
R458, 2015. First published July 8, 2015; 
doi:10.1152/ajpregu.00078.2015.—

• the activity of the RAS and of glial 
cell-mediated proinflammatory 
processes have independently 
been linked to this neural control 
and are, as a consequence, both 
attractive targets for the 
development of antihypertensive 
therapeutics. 



• Taken together, we can show that the AhR is important for the IS induced activation 
of NF-kB, ROS and pro-inflammatory cytokine production, and downregulation of 
cell protective factors such as Nrf2, HO-1 or NQO1 in glial cells. 

• Some of these pathways can be specifically blocked. 

• Evidences of IS-induced effects on CNS are here supported also by in vivo 
experiments.

• IS induced histological brain alterations and the expression of oxidative stress and 
inflammatory markers, such as nitrotyrosine and COX-2.



.







• Epigenetic factors.
• Epigenetic factors might also have a role in the brain–gut–kidney axis.

• Microbial metabolites including folate, butyrate and acetate are cofactors and allosteric regulators of epigenetic processes 
such as DNA methylation, histone acetylation and RNA interference190–192.

• The gut microbiome has been shown to induce host epigenetic changes that might contribute to the development of 
cancer193,194, and notable changes in epigenetic modifications have been reported in hypertension and CKD85,195.

• For example, podocyte-specific inactivation of Dicer, one of the enzymes responsible for production of microRNAs, results 
in proteinuria and glomerulosclerosis196.

• In a genome-wide DNA methylation study of human kidney tubules, several genes that are associated with kidney fibrosis 
were characterized by methylation changes and alterations of downstream transcript levels in CKD samples compared with 
controls. 

In a rat model of salt-sensitive hypertension, stimulation of sympathetic signalling led to reduced expression of a regulator of 
sodium reabsorption, protein kinase lysine-deficient 4 (WNK4), owing to hyperacetylation of the promoter198. 

Moreover, upregulation of angiotensin-converting enzyme 1 in SHR compared with WKY controls was associated with multiple 
epigenetic modifications in several tissues, such as the adrenal gland, aorta, heart and kidney.
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