
Protein Kinase C-β
(PKC-β) Inhibition: 

A Promise not yet Fulfilled
Ruboxistaurin, an oral PKC-β, was 

withdrawn on March 15, 2007 by Eli Lilly



Dual Inhibition of Classical Protein Kinase C-α
and Protein Kinase C-β Isoforms Protects Against 

Diabetic Nephropathy

Diabetes 2013;62:1010-1011



ASCEND Trial:
Endothelin Receptor Antagonist Avosentan 

Significantly Decreased Albuminuria

J Am Soc Nephrol 2010;21:527–535

Terminated due to increased CHF and deaths



Addition of Atrasentan, an Endothelin Receptor 
Antagonist, to RAS Blockade Reduces Albuminuria

in Diabetic Nephropathy

J Am Soc Nephrol 2011;22:763-772

Baseline UACR ~400 mg/g CR



Atrasentan Restores Endothelial 
Glycocalyx Thickness

Diabetes 2016;65:2429-2439



Pirfenidone, an Inhibitor of TGF-β at 1200 mg/d, but 
NOT 2400 mg/d, Improves eGFR from Baseline

J Am Soc Nephrol 2011;22:1144–1151

Pirfenidone (Esbriet) approved to treat idiopathic pulmonary fibrosis



Pentoxifylline-Lower Decline in
eGFR and Greater UAE Reduction

J Am Soc Nephrol 2015;26:220–229

Baseline UAE ~1000 mg/day



CCX140-B (CCR2 Antagonist) Lowers
Albuminuria in Patients with Type 2 DM 

Lancet Diabetes & Endo 2015;3:687-696

Monocyte chemoattractant protein-1 (MCP-1), also called C-C chemokine receptor 2 (CCR2)

Baseline UAE 400 mg/day



Pyridoxamine (Pyridorin), a Derivative of Vitamin 
B6, Inhibits the Formation of Advanced Glycation 

Endproducts  

Nephron 2015;129:22–28

I.V. form of Pyridorin for use in hospital-acquired acute kidney injury



Finerenone, a 3rd Generation Nonsteroidal 
Mineralocorticoid Receptor Antagonists Lowers 

Albuminuria  

JAMA 2015;314:884-894

Baseline UACR ~200 mg/g CR



Patiromer (Veltassa)—
Twice Daily Lowered Potassium Levels

N Engl J Med 2015;372:211-221

FDA Approved on October 22, 2015 but with a Black Box Warning



Sodium Zirconium Cyclosilicate (ZS-9)
3X Daily X2 days ↓ Hyperkalemia

AstraZeneca receives Complete Response Letter from FDA May 27, 2016

JAMA 2014;312:2223-2233



Metformin Improves Whole-Body 
Glycocalyx Barrier Properties 

Cardiovasc Diabetol 2013;12:175


	Slide Number 1
	Speaker Disclosure
	In dedication to my mother Virginia Kiel Lardinois
	Educational Objectives for Pharmacists and Other Medical Professionals
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Structure of the Glomerular Endothelial Glycocalyx
	Glomerular Barrier with Components of the Glomerular Endothelium 
	Alternated Glycocalyx Functions as a Result of its Shedding 
	Slide Number 11
	Shedding of the Glycocalyx Promotes Albuminuria and Inflammation
	Glycocalyx Loss—�Podocyte and Kidney Injury Induces Albuminuria
	Atherosclerotic Lesions Develop After Glycocalyx Loss 
	Mechanism of Glycocalyx Degradation
	Glycocalyx Thickness is Lower in Children with Type 1 Diabetes
	Slide Number 17
	Slide Number 18
	The Significance of Albuminuria
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Increased All-Cause Morality when the  Albumin Creatinine Ratio is > 5
	Slide Number 24
	Definitions of “Albuminuria”*
	Slide Number 26
	Slide Number 27
	Albuminuria Predicts Cardiovascular Risk  at Levels BELOW Current Definition
	Slide Number 29
	UACR* and CVD Risk
	Three Principal Mediators Contribute to Chronic Kidney Disease (CKD)
	Kimmelstiel-Wilson Lesion,  Thickened Basement Membrane, and Podocyte Foot Process Effacement 
	Slide Number 33
	Slide Number 34
	Slide Number 35
	ON‑TARGET Trial: Dual RAS Therapy with Ramipril and Telmisartan Failed to Decrease Vascular Events
	ALTITUDE Trial: Dual RAAS Therapy with Aliskiren and ACEi/ARB Failed to Decrease Vascular Events
	VA‑NEPHRON‑D Trial: Dual RAAS Therapy�with Losartan and Lisinopril Did Not Provide�an Overall Clinical Benefit
	Therapeutics Identified in the Inflammatory Pathway 
	Therapeutic Agents Identified in the Metabolic and Alternative Pathways 
	Indoxyl Sulfate 
	Metabolism of Indoxyl Sulfate  and Effect of AST-120 
	EPPIC Trials of AST-120: NO Additional Benefit to Standard of Care in CKD
	Slide Number 44
	BEACON Study: Bardoxolone Methyl Increased CV Deaths in Type 2 Diabetes and Stage 4 CKD 
	TREAT Trial: Darbepoetin Alfa Failed to Demonstrate Renoprotection in Overt  Type 2 Diabetic Nephropathy
	 Protein Kinase C-b (PKC-b) Inhibition:  A Promise not yet Fulfilled  Ruboxistaurin, an oral PKC-b, was withdrawn on March 15, 2007 by Eli Lilly 
	Dual Inhibition of Classical Protein Kinase C-a and Protein Kinase C-b Isoforms Protects Against Diabetic Nephropathy 
	ASCEND Trial: Endothelin Receptor Antagonist Avosentan Significantly Decreased Albuminuria
	Addition of Atrasentan, an Endothelin Receptor Antagonist, to RAS Blockade Reduces Albuminuria in Diabetic Nephropathy
	Atrasentan Restores Endothelial Glycocalyx Thickness
	Pirfenidone, an Inhibitor of TGF-b at 1200 mg/d, but NOT 2400 mg/d, Improves eGFR from Baseline
	Pentoxifylline-Lower Decline in eGFR and Greater UAE Reduction
	CCX140-B (CCR2 Antagonist) Lowers Albuminuria in Patients with Type 2 DM 
	Pyridoxamine (Pyridorin), a Derivative of Vitamin B6, Inhibits the Formation of Advanced Glycation Endproducts  
	Finerenone, a 3rd Generation Nonsteroidal Mineralocorticoid Receptor Antagonists Lowers Albuminuria  
	Patiromer (Veltassa)—�Twice Daily Lowered Potassium Levels
	Sodium Zirconium Cyclosilicate (ZS-9)�3X Daily X2 days ↓ Hyperkalemia
	Metformin Improves Whole-Body  Glycocalyx Barrier Properties 
	EMPA-REG Trial with Empagliflozin
	EMPA-REG Trial: Primary Outcome Empagliflozin Superiority vs. Placebo
	SGLT2 Inhibition Increases Glucagon Secretion
	 SGLT2 Inhibitors Increase Glucagon which  ↑ Ketogenesis and ↑ Plasma Ketone Bodies
	SGLT2 Inhibitors ↓ the Insulin/Glucagon Ratio -> ↑ b-Hydroxybutyrate -> A �“Thrifty Substrate” Hypothesis
	SGLT2 Inhibitor Therapy Improves Renal Oxygenation -> Improved Renal Outcomes
	Empagliflozin Associated with Slower Progression of Kidney Disease and Lower Rates of Clinically Relevant Renal Events
	LEADER Trial: Liraglutide Effect and Action in Diabetes- Evaluation of Cardiovascular Outcome Results
	LEADER Trial: Primary Outcome Liraglutide Superiority vs. Placebo
	Liraglutide Treatment ↓ Albuminuria and ↓ Hyperfiltration in Type 2 DM
	Number Needed to Treat (NNT) to Prevent ONE Death Across Landmark Trials in Patients with High Cardiovascular Risk
	SUSTAIN-6 Trial: Primary Outcome Semaglutide Superiority vs. Placebo
	Cycloset Demonstrated  Cardiovascular Safety Profile
	Four Different Diabetes Drugs Superiority  vs. Placebo in Reducing CV Events
	Drugs to Treat Type 2 DM  Demonstrate Reductions in Major Adverse  Cardiovascular Events   
	Slide Number 75
	Slide Number 76
	Increased Cardiovascular Mortality in Type 2 Diabetes Even at Systolic BP <120 mmHg
	SPRINT Trial: All Cause Mortality
	Slide Number 79
	Total Cholesterol/HDL-C Ratio�High Cardiovascular Disease Risk when Ratio > 5  �Risk Attenuates Once Ratio ≤ 5
	 
	Slide Number 82
	Slide Number 83
	Renin-Angiotensin System (RAS) Treatment Comparions
	Angiotensin–Neprilysin Inhibition�Superior to ARB or ACEi
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Teaching Tool—�Treating CKD in Type 2 Diabetes 
	QUESTIONS?
	Slide Number 91

