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Il Dr. Giuseppe Penno
dichiara di aver ricevuto negli ultimi due anni compensi o 
finanziamenti dalle seguenti Aziende Farmaceutiche e/o 

Diagnostiche:

AstraZeneca, Boerhinger Ingelheim, Eli-Lilly, Merck 
Sharp & Dohme, Mundipharma Pharmaceuticals, 

Novo Nordisk, Takeda

Dichiara altresì il proprio impegno ad astenersi, nell’ambito dell'evento, dal 
nominare, in qualsivoglia modo o forma, aziende farmaceutiche e/o 
denominazione commerciale e di non fare pubblicità di qualsiasi tipo 

relativamente a specifici prodotti di interesse sanitario (farmaci, strumenti, 
dispositivi medico-chirurgici, ecc.).
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The contribution of inflammation to the pathogenesis of DKD

The discontinuation of undergoing clinical testing of promising
anti-inflammatory agents for DKD

The current landscape of inflammation in DKD pathogenesis and 
treatment 

An uphill road: any novel (anti-inflammatory) drug should show 
improvement over RAAS-blockade and SGLT2-inhibition (and 
finerenone)
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The contribution of inflammation to the pathogenesis of DKD
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Mechanisms involved in inflammation, tissue injury and 
progression of renal damage in DKD Rayego-M

ateosS. et al., IntJM
olSci. 2020; 21: 3798. 
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Metabolic
memory

Inflammation is a key process in DKD
Rayego-M

ateosS. et al., Kidney
International 2022. 

Metabolic defects: hyperglycemia, glucose-derived products, AGEs
Initiation

Glomerular cells Tubular cells

Additional pathological
processes:
• Albuminuria
• RAS activation
• Lipotoxicity
• Other mediators

Activation of molecular pathways:
• Transcription factors (NF-kB)
• Signaling pathways (TLR4)
• Oxidative stress (Nrf2)
• Epigenetics

Local production of proinflammatory mediators by resident cells

Transcriptional reprogramming:
• Upregulation of inflammatory factors and senescence-

related factors (TNF-α, CCL2 (MCP-1), IL-6, CCN2)

Activation of cellular
mechanisms leading to 
phenotype changes
(senescence)

Local (kidney) component 
of the “perfect storm”
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Inflammation is a key process in DKD
Rayego-M

ateosS. et al., Kidney
International 2022. 

Local production of proinflammatory mediators by resident cells

Glomerular damage:
• Mesangial proliferation
• Phenotype changes
• Endothelial dysfunction
• Podocyte death
• ECM production

Tubular damage:
• Cell death
• Phenotype changes
• Senescence (senescence associated

secretory phenotype (SAPS)
• Loss of epithelial properties
• ECM production

Glomerulosclerosis Tubulointerstitial fibrosis

Local (kidney) component 
of the “perfect storm”
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Inflammation is a key process in DKD
Rayego-M

ateosS. et al., Kidney
International 2022. 

Release of inflammatory mediators:
CCL2, CCL5, CCL11,

CXCL5, CXCL8, CXCL9, CXCL12, CX3CL1

Activation of immune cells: migration, adhesion, cell communication, phenotype changes and 
tanscriptional reprogramming

Chronic inflammation

Metabolic defects: hyperglycemia, glucose-derived products, AGEs

Initiation

Immune cells: macrophages, dendritic cells, T and B lymphocytes, mast cells, neutrophils

Infiltration of immune cells into the kidney

Inflammatory loop
Systemic component of the 

“perfect storm”
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Mechanisms involved in inflammation, tissue injury and 
progression of renal damage in DKD

Donate-Correa J. et al., Front Med. 2021; 7: 628829. Diap
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Therapeutic compounds targeting proinflammatory intracellular signaling
pathways in DKD

Rayego-M
ateosS. et al., IntJM

olSci. 2020; 21: 3798. 

Effector molecules
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Selected preclinical
studies targeting
inflammatory mediators
in DKD

Rayego-M
ateosS. et al., IntJM

olSci. 2020; 21: 3798. 

Adhesion
molecules

Chemokines

Cytokines
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Selected preclinical
studies targeting
inflammatory
intracellular signaling
pathways in DKD

Nucleotide-binding
oligomerization

domain (NOD)-like
receptors (NLR)

Toll-like 
receptors (TLRs)

NF-kB (Nuclear Factor-kappa B)

PI3K/Akt/mTOR (Phosphatidylinositol
3-kinase/protein kinase B/mammalian

target of rapamycin)

Rayego-M
ateosS. et al., IntJM

olSci. 2020; 21: 3798. 
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Selected preclinical
studies targeting
inflammatory
intracellular signaling
pathways in DKD

JAK/STAT (Janus 
kinases/signal
trasducer and 

activators of 
transcription

PKC (Protein Kinase C)

P38/MAPK (P38 mitogen-activated
protein kinases)

Nrf2 (Nuclear factor
(erythroid-derived

2)-like 2) 

Rayego-M
ateosS. et al., IntJM

olSci. 2020; 21: 3798. 
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Inflammation-related signaling pathways in the development of DKD

Liu C, et al., Front. Physiol. 2022; 13: 909569.

*
*
*
*
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The contribution of inflammation to the pathogenesis of DKD

The discontinuation of undergoing clinical testing of promising
anti-inflammatory agents for DKD
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Selected clinical trials targeting inflammation in DKD

Rayego-Mateos S. et al., Int J Mol Sci. 2020; 21: 3798. Diap
os
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Selected clinical trials targeting inflammation in DKD
Effect of the chymase inhibitor fulacimstat in DKD –

results from the CADA DIA trial

Rossing P, et al., Nephrol Dial Transplant. 2021; 36: 2263-2273. de Zeeuw D et al., Lancet Diabetes Endocrinol. 2018; 6: 925-933. 

Efficacy of a novel inhibitor of vascular adhesion protein-1 in 
reducing albuminuria in patients with diabetic kidney disease

(ALBUM): a randomised, placebo-controlled, phase 2 trial

ASP8232

Placebo
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Selected clinical trials targeting inflammation in DKD
C-C motif-ligand 2 (CCL2; MCP-1) inhibition with 

emapticap pegol (NOX-E36) in type 2 diabetic patients
with albuminuria (post hoc analysis)

Menne J, et al., Nephrol Dial Transplant. 2017; 32: 307-315. de Zeeuw D, et al., Lancet Diabetes Endocrinol. 2015; 3: 687-96. 

The effect of CCR2 inhibitor CCX140-B on residual albuminuria 
in patients with type 2 diabetes and nephropathy: 

a randomised trial
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Selected clinical trials targeting inflammation in DKD
Pentoxifylline in diabetic kidney disease (VA PTXRx): 
protocol for a pragmatic randomised controlled trial

Leehey DJ, et al., BMJ Open. 2021; 11: e053019. Ridker PM, et al., J Am Coll Cardiol. 2018; 71: 2405-2414. 

Inhibition of Interleukin-1β by Canakinumab and Cardiovascular
Outcomes in Patients With Chronic Kidney Disease

• Large randomised, controlled, pragmatic, multicentre
clinical trial to determine if pentoxifylline (PTX), a 
phosphodiesterase inhibitor, can prevent ESRD and/or 
death in patients with DKD.

• PTX is a readily available, safe and inexpensive medication
which might be effectively repurposed to treat this
condition.

• Study medication is added to standard of care therapy in 
both the active intervention and placebo control groups. 
Standard of care is determined by the treating physicians.

• The primary outcome is time to ESRD or death (all-cause 
mortality).

• An example of drug repositioning
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Selected clinical trials targeting inflammation in DKD

Rayego-Mateos S. et al., Int J Mol Sci. 2020; 21: 3798. Diap
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Selected clinical trials targeting inflammation in DKD
JAK1/JAK2 inhibition by baricitinib in diabetic kidney

disease: results from a Phase 2 randomized controlled
clinical trial

Tuttle KR, et al., Nephrol Dial Transplant. 2018; 33: 1950-1959. Diap
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Pergola PE et al., N Engl J Med 365: 327-336, 2011

Bardoxolone Methyl and Kidney Function in CKD with Type 2 Diabetes
The BEAM Study

227 subjects with type 2 diabetes and eGFR = 20-45 ml/min/1.73m2

Baseline eGFR Bardoxolone methyl, an oral antioxidant inflammation modulator, was associated with improvement in the estimated GFR 
in patients with advanced CKD and type 2 diabetes at 24 weeks. The improvement persisted at 52 weeks.

P<0.001 P<0.001

P<0.001 P<0.001
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De Zeeuw D et al., N Engl J Med 369: 2492-503, 2013

Bardoxolone Methyl in Type 2 Diabetes and Stage 4 CKD 
BEACON Trial Investigators
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Li R, et al., Drug Des Devel Ther. 2015; 9: 6275-83. 

Sulodexide therapy for the treatment of diabetic
nephropathy, a meta-analysis and literature review

At least a 50% decrease in AER
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Chertow GM, et al., J Am Soc Nephrol. 2019; 30: 1980-1990. 

Effects of Selonsertib (ASK-1 inhibitor) in Patients with Diabetic Kidney Disease
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The contribution of inflammation to the pathogenesis of DKD

The discontinuation of undergoing clinical testing of promising
anti-inflammatory agents for DKD

The current landscape of inflammation in DKD pathogenesis and 
treatment 
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Therapeutic strategies in DKD with potential anti-inflammatory properties

Donate-Correa J. et al., Front Med. 2021; 7: 628829. Diap
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Therapeutic strategies in DKD with potential anti-inflammatory properties

Rayego-Mateos S. et al., Kidney International 2022. 

Clinical Data
Reduction in urinary levels of inflammatory factors
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• GLP-1RAs
• SGLT2 inhibitors
• Other BG-lowering

agents

• RAAS inhibitors
• SGLT2 inhibitors
• Non-steroidal MRAs
• Endothelin RA

• RAAS inhibitors
• SGLT2 inhibitors
• GLP-1RAs
• Non-steroidal MRAs

Drivers of DKD Progression
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Liu H et al., Current Diabetes Reports 22: 317–332, 2022

BP

Potential mechanisms for kidney protection with SGLT2 inhibitors
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Liu H et al., Theranostics 11: 4502-4515, 2021

Among others, 
potential anti-
inflammatory

mechanisms for 
vascular (and 

kidney) protection
with SGLT2 

inhibitors
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Scisciola L et al., Front Cardiovasc Med, 2022

Sodium-glucose
co-transport 2 
inhibitors’ effects
on inflammation
in atherosclerosis.
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Inflammation and Oxidative Stress in Diabetic Kidney Disease: The Targets for 
SGLT2 Inhibitors and GLP-1 Receptor Agonists

Winiarska A et al. Int J Mol Sci 2021; 22, 10822

Selected mechanisms of 
interaction between SGLT2i, 
GLP1RA and 
inflammation/oxidative stress 
in the kidney and other target 
organs/tissues.

Inflammation and oxidative
stress are among the key
pathways contributing to 
organ damage in the course
of diabetes.

SGLT2i
GLP-1RA
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Kintscher U, et al., Br J Pharmacol. 2022; 179: 3220-3234. 

Mechanism of 
action of the 
non-steroidal
mineralocorticoid
receptor (MR) 
antagonist
finerenone
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Finerenone’s effects
on mineralocorticoid receptor
(MR)-induced cellular
pathways.

Ravid JD et al. Current
Cardiology Reports
(Published online: 4 

August 2022) Diap
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Finerenone: a MRA for the treatment of CKD associated with T2DM

Lerma EV, et al. Expert Review of Clinical Pharmacology 15: 501-513, 2022. Diap
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Kwon S. et al., Diabetes Care. 2020; 43: 948-955. 

HIF = Hypoxia-inducuble factor
AMPK = AMP-activated protein kinase

The Long-term Effects of Metformin on Patients With Type 2 DKD
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Ongoing clinical trials: potential anti-inflammatory actions

Rayego-Mateos S. et al., Kidney International 2022. 

Target Intervention Conditions Key outcomes Note Phases

Thromboxane synthase/receptor 
blocker SER150 Macroalb. ACR (and eGFR) NCT04881123 2/3

Nrf2 activators (negative regulation of 
the NF-kB pathway)

Bardoxolone methyl (AYAME) DKD eGFR or ESRD NCT03550443 3

Curcumin Early DKD eGFR and ACR NCT03262363 2/3

Resveratrol & losartan Early DKD eGFR and ACR NCT02704494 1

Endothelin-1 (ET-1) Zibotentan & dapagliflozin 
(ZENITH-CKD)

(CKD, incl. DKD) eGFR and ACR NCT04724837 2

Guanyl cyclase activators (sGC)
Runcaciguat (CONCORD) DKD ACR NCT04507061 2

BI 68509 DKD ACR NCT04750577 2

Apoptosis signal regulating kinase 1 
(ASK1) Selonsertib DKD eGFR

Drug no longer in 
sponsor pipeline

2

Phosphodiesterase-4 inhibitor Roflumilast DKD ACR, eGFR and MCP-1 NCT04755946 3

Fatty acid oxidation inhibitor Trimetazidine DKD ACR NCT05147194 2

TRPC5 Channel Inhibitor GFB-887 CKD, incl. DKD) PCR and UCR NCT04387448 2

Mab: Anti IL-33 Tozorakimab* DKD ACR NCT04170543 2

Mab: Anti FEGF-B CSL346 DKD ACR NCT04419467 2

Cell therapy (several trials) Mesenchimal stem/stromal
cells or renal autologous cells DKD Mainly safety (eGFR) --- 1/2

* On top of RAS blockers and dapagliflozin Diap
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The contribution of inflammation to the pathogenesis of DKD

The discontinuation of undergoing clinical testing of promising
anti-inflammatory agents for DKD

The current landscape of inflammation in DKD pathogenesis and 
treatment 

An uphill road: any novel (anti-inflammatory) drug should show 
improvement over RAAS-blockade and SGLT2-inhibition (and 
finerenone)
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Mechanisms of kidney injury and repair

Rayego-Meteos S, et al. In J Mol Sci 23: 1542, 2022. 

EMT: epithelial–mesenchymal transition
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Regulation of inflammation

Vartak T, et al. Advanced Drug Delivery Reviews 178: 113965, 2021. 

SPM, Specialized pro-
resolving mediator:

Lipoxins
Resolvins
Maresins
Protectins
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Targeting inflammation for the treatment of Diabetic Kidney Disease: 
a five-compartment mechanistic model

Hofherr A, et al., BMC Nephrol. 2022; 23: 208. Diap
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Designing future RCT of therapy targeting inflammation in Diabetic Kidney Disease

Rayego-Mateos S. et al., Kidney International 2022 (adapted). 

DKD

Standard of care (SOC):
• BG control; BP control
• Weight control
• CVD and risk factors control
• RAS blockade
• SGLT2i
• MRA (finerenone)

1st

Prospective follow-up of impact 
on eGFR/ACR:
• In diseases whose epidemiology

overlaps with DKD;
• Registries (worldwide) tracking 

the impact on eGFR/ACR of 
novel approaches targeting 
inflammation on behalf of 
Scientific Societies.

Baseline biology assessment
from subjects with recently
diagnosed DKD:
• Genomics
• Others

Biology assessment from 
subjects receiving SOC:
• Others

Identify candidate 
drugs for DKD RCTs

Identify markers of 
suboptimal response

(inflammation focused)

Design novel
interventions

2nd

3rd

Candidate subjects for 
anti-inflammatory

therapy

Optimal kidney
response

Suboptimal kidney
response

Persistent optimal
kidney response

SOC scape
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Grazie dell’attenzione
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