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Agenda

• SGLT2 inhibitors: mechanisms of action in the kidney and clinical trials on renal
protection
• Mineralcorticoid receptor antagonists (MRA): mechanisms of action in the kidney and 
clinical trials on renal protection
• GLP1 receptor agonists: mechanisms of action in the kidney and clinical trials on renal 
protection
• Association between the new drugs for renal protection and recent guidelines



SGLT2 and SGLT1 mediate glucose reabsorption in the kidney: 
the effects of SGLT2 inhibition on urinary glucose excretion

X

SGLT2 inhibition induces a 
condition of acquired 
euglycemic glycosuria 

associated with increased 
urinary sodium in the 

proximal tubule

SGLT: sodium-
glucose transporter



Glifozines

Glicoside O-arilic formed by d-
glucose and an aromatic ketone

D-glucose

Natural competitive inhibitor of the 
glucose transporters SGLT1 and SGLT2

Synthetic selective inhibitors 
of glucose transporters 



Currently available SGLT inhibitors are 
selective for the SGLT2 transporter 



Glucose transporters GLUT2 and GLUT1 mediate 
glucose transport across the basolateral 
membrane, but GLUT2 may also translocate to 
the apical membrane in diabetes. 

ANG II, serum and glucocorticoid inducible 
kinase SGK1, hepatocyte nuclear factor HNF-1, 
and protein kinase C PKC1 promote glucose 
reabsorption in the diabetic kidney, whereas 
the induction of oxidative stress (ROS) can 
inhibit. 

Na-glucose cotransport is electrogenic and 
luminal K channels serve to stabilize the 
membrane potential (e.g., KCNE1/KCNQ1 in late 
proximal tubule).

Factors stimulating glucose reabsorption in the PT



In the diabetic nephron, overexpression and
compensatory upregulation of the activity of SGLT2 and
SGLT1 in glucose and Na reabsorption in the proximal
convoluted tubule results in decreased delivery of
solutes to the macula densa. The resulting reduction in
solute and water transport into the tubular epithelial
cells reduces adenosine triphosphate (ATP) release from
the basolateral membrane of tubular epithelial cells,
which in turn reduces adenosine production and
activation of the A1 receptor expressed in the afferent
arteriole with a net effect of vasodilation. In the diabetic
nephron with SGLT inhibition, lessening SGLT2-driven
sodium-coupled glucose transport in the proximal
convoluted tubule normalizes solute delivery to the
macula densa, increasing solute and water reabsorption
and increasing basolateral release of ATP from the
tubular epithelium. The resulting increase in adenosine
activation of the A1 adenosine receptor reverses
afferent arteriole vasodilation associated with diabetic
kidney disease

Alicic RZ et al. Am J Kidney Dis 2018; 72:267-277

Effects of diabetes and SGLT2 
inhibition on nephron hemodynamics 



Summary of renal effects of SGLT2 inhibition in the kidney

SGLT2i reduces GFR (reduced hyperfiltration per single nephron) initially, to 
preserve kidney function in the long term

SGLT2i reduces the hyperactivation of SGLT2 transporters → reduced O2

consumption by the kidney in parallel to more homogeneous distribution 
of renal transport work and O2 consumption → less hypoxia in the 
parenchima→ reduced risk of AKI, reduced fibrotic stimulus → reduced 
risk of CKD progression

SGLT2i activates kidney metabolic counterregulation, similar to fasting 
(ketogenesis) and salt loss conditions, that extend their protective effects 
to the heart



Tuttle KR et al., Am J Kidney Dis 2021;77:94-109

The kidney-heart connection 
for organ protection by SGLT2
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Neumiller JJ et al., Clinical Kidney Journal 2024; 17:1–16



54% CKD without DM2
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Enteroendocrine cells in the gut mucosa

Enteroendocrine cells are specialized
cells found within the gastrointestinal
tract, stomach and pancreas.

They produce and release hormones
(incretins such as glucagon-like peptide
1, GLP-1; gastric inhibitory peptide, GIP)
in response to a number of stimuli.

The hormones may be released into the
bloodstream to generate systemic
effects or may be distributed as local
messengers.

They may also stimulate a nervous
response.



The sensory and secretory function of the enteroendocrine L cell producing GLP-1

Release of glucagon-like peptide 1 (GLP-1)
from L cells in the ileus-colon is regulated
by nutritional, hormonal and neural
signals.
Food components and metabolites at the
luminal side of the L cell are directly
sensed by various G protein-coupled
receptors that function as chemosensors
and trigger exocytosis of GLP-1-containing
granules at the basolateral side of the cell.
GLP-1 can act through endocrine,
paracrine and neuronal pathways to
regulate physiological responses in local
and/or remote tissues and cell types.
These effects are consistent with the
widespread and abundant expression of
the GLP-1 receptor. LCFA, long-chain fatty
acid; SCFA, short-chain fatty acid.



Holz GG, Molecular Basis of cAMP Signaling in Pancreatic Beta Cells. In: 
Islam, M. (eds) Islets of Langerhans, 2014, 2. ed.. Springer, Dordrecht. 
https://doi.org/10.1007/978-94-007-6884-0_25-4

GLP-1 stimulates insulin 
secretion in pancreatic ß cells

GLP-1



Putative actions of glucagon-like peptide 1 (GLP-1)

The best elucidated physiological 
roles of GLP-1 are those related 
to pancreatic islet cell function

However, GLP-1 and GLP-1 
receptor agonists also have 
pleiotropic effects on various 
other tissues and organs, with 
various potential physiological, 
pathophysiological and 
pharmacological implications

Muskiet MHA et al., Nat Rev Nephrol 2017; 13:605



Chan ATP et al., Kidney Res Clin Pract 2022; 41:682-698

The biological mechanisms of the GLP1 receptor agonists in the kidney



Bulum T., Biomedicines 2022; 10:2586

Incretin-based therapy (Incretin-mimetic drugs)



Unimolecular 
GIP-RA:GLP-1RA 

co-agonists

Tirzepatide

DPP4 
inhibitors

Exendin-4 based GLP-1 
agonists

Incretin-based therapies 
(Incretin mimetic drugs)

1

2

3



Key CV outcomes for selected GLP-1 receptor agonists in heart failure

Kreiner FF et al., Front Physiol 2022; 20;13:983961



Meta-analysis of the composite renal outcome for GLP-1 receptor agonists users vs. non-users



Sattar N et al., Lancet Diabetes Endocrinol 2021; 9: 653–62

The composite kidney outcome consisted of development of
macroalbuminuria, doubling of serum creatinine or at least 40%
decline in eGFR, kidney replacement therapy, or death due to kidney
disease; for ELIXA, data are for new-onset macroalbuminuria alone.
The worsening of kidney function outcome was defined as either
doubling of serum creatinine or at least 40% decline in eGFR; for
EXSCEL, the worsening of kidney function outcome included kidney
replacement therapy, or death due to kidney disease



Rossing P et al., Nephrol Dial Transpl 2023; 38:2041-2051
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The mineralcorticoid receptor (MR) and mechanism of action of aldosterone



Aldosterone-mediated pro-
inflammatory effects in 
macrophages and T cells

Barrera-Chimal J et al., Nat Rev Nephrol 2022; 18:57-70



Complementary interplay of 
cascades of injury, 

inflammation, and fibrosis 
that are initiated and 

sustained by MR activation

Epstein M et a., Am J Kidney Dis 2022; 80:658-666



Chemical structure of main steroidal hormones
and non-steroidal and steroidal MRAs

Sarafidis P et al., Clinical Kidney Journal 2023; 16:1885–1907 



Epstein M et a., Am J Kidney Dis 2022; 80:658-666

Schematic of spironolactone, eplerenone, and finerenone binding with 
proposed/hypothesized conformational change of helix 12 and summary 
of respective key pharmacodynamic and pharmacokinetic characteristics



The beneficial effects of 
MRAs in the kidney,  heart 

and vasculature in 
preclinical studies of DKD

Barrera-Chimal J et al., Nat Rev Nephrol 2022; 18:57-70



Neumiller JJ et al., Clinical Kidney Journal 2024; 17:1–16
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Postulated mechanisms in normal physiology and hyperfiltration in early 
stages of nephropathy and after combined inhibition of SGLT2 and RAAS



Neuen BL, Jardine M. NDT 2022; 37:1209-1211



Naaman SC. Diabetes Care 2023;46:1574–1586

The manifold pathophysiological mechanisms involved in end-organ damage argue for a 
pillared approach with targeted therapies that have distinct pharmacodynamic actions



The incremental benefit of multifactorial intervention on GFR decline in DKD

Recent clinical trials suggest that, in patients
with diabetic kidney disease (DKD), treatment
with SGLT2)i or the MRA finerenone, in addition
to standard of care (including blood pressure
(BP) control and the use of RAAS inhibitors,
might slow the rate of GFR decline towards that
typically observed in healthy ageing individuals.
The relative risk reduction (RRR) and yearly GFR
decline were estimated on the basis of results
from the RENAAL and IDNT trials for RAAS
inhibition, and the CREDENCE and DAPA-CKD
trials for SGLT2 inhibition. The potential benefit
of combining SGLT2 inhibitors with MRAs is
based on preliminary data from a pooled
analysis of the FIGARO-DKD and FIDELIO-DKD
clinical trials, which indicates that finerenone
has kidney benefits in patients, irrespective of
SGLT2 inhibitor use at baseline. Ageing-
associated decline is based on data from
healthy individuals > 60 years of age.

Fioretto P. Nat Rev Nephrol 2022; 17:78



Holistic approach for 
improving outcomes in 

patients
with diabetes and 

chronic kidney disease



Holistic approach to chronic kidney disease 
(CKD) treatment and risk modification

Kidney Int 2024, in press



Take home messages

- Since the institution of the RAS blockade in the 1990s, we have witnessed significant
strides in addressing the unmitigated risk associated with CKD progression in patients with
or without diabetes mellitus

- We now have two additional drug classes to add to the RAS blockers, SGLT2 inhibitors
and NS-MRAs (limited evidence), bolstered by a robust body of outcome data, and a
possible third class, since the efficacy of GLP-1 RAs is supported by retrospective analyses
and has recently been proven in the FLOW randomized clinical trial in patients with T2DM

- The safety and tolerability of these new drug classes, when given together against a
backdrop of maximal RAS blockade, are very encouraging and reflect the complexity of the
underlying pathophysiology that drives CKD progression, even independently from the
coexistence of diabetes mellitus
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