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Abbreviations
Hp: Haptoglobin; RAAS: Renin Angiotensin Aldosterone System; 

DM: Diabetes Mellitus; DN: Diabetic Nephropathy; ESRD: End Stage 
Kidney Disease; DKD: Diabetic Kidney Disease; SGL2 I: Sodium 
Glucose Transport 2 Inhibitor

Perspective
Diabetic Nephropathy (DN) is a leading cause of end-stage 

renal disease. Diabetic nephropathy occurs in up to half of patients 
with diabetes mellitus and currently accounts for over 45% of new 
cases of End Stage Renal Disease (ESRD). The classic description 
of Diabetic Kidney Disease (DKD) stages are glomerular hyper 
filtration, microalbuminuria, overt proteinuria, and a decline in the 
GFR, leading to ESRD and dialysis. The podocytes are primarily 
involved in diabetic nephropathy (Glomerular Theory), with 
basement membrane thickening, mesangial matrix expansion and 
proteinuria reflecting podocyte effusion. Proximal convolute tubule 
is also involved, with increased iron deposition, hypertrophy and 
increased number of mitochondria (Proximal tubule theory). Until 
recently, the use of RAAS blockers was the first-line in the treatment 
of early stages of DN and Blood pressure in patients with DKD. This 
was based on high quality randomized controlled trials throughout 
the range of type 2 diabetes and DKD. Despite of all the beneficial 
interventions available for patients with diabetes, including tight 
glucose control, tight blood pressure control, angiotensin converting 
enzyme inhibition, angiotensin II receptor or mineral corticoid 
receptor antagonism, diabetic nephropathy remains prevalent and is 
likely to progresses in most of these patients [1,2]. 

Recently different pathways were described as critical factors 
in the pathogenesis of DN such as the autophagy process. The 
intracellular degradation system may be important in maintaining 
podocyte homeostasis. However, the role of the autophagy-lysosome 
system especially in podocyte dysfunction under hyperglycemic 
stress is critical. Cells have several mechanisms to deal with stress 
and to maintain cellular homeostasis, such as the anti-oxidative 
stress response, and the Endoplasmic Reticulum (ER) stress response 
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[3]. These findings allow us to hypothesize that diabetes can impair 
autophagy activity, making kidney cells, especially podocytes, 
vulnerable to diabetes-related metabolic stress and to consider 
autophagy as a new therapeutic target for DN [4-6]. Impaired 
autophagy may be involved in the pathogenesis of podocyte loss, 
leading to massive proteinuria with progression of DN to ESRD via 
increased activity of Mammalian Target of Rapamycin (mTORC1) 
system. Although current drug interventions mostly target a 
single risk factor, more substantial improvements of renal and 
cardiovascular outcomes can be expected when multiple factors are 
improved simultaneously [5,7,8]. 

The role of Mammalian Target of Rapamycin (mTOR) in 
the pathogenesis of diabetic nephropathy was studied by several 
investigators. mTOR signaling controls cellular growth, survival, and 
metabolism. mTOR is the catalytical subunit of 2 distinct complexes, 
mTOR Complexes1 and 2 ( mTORC1 and mTORC2). In some studies 
in diabetic mice, the mTOR inhibitor, Rapammun and Metformin 
were of protective effect against renal lesions [4,9]. 

Hyperglycemia is thought to promote oxidative stress during 
diabetic complications such as DN. Oxidative stress can be directly 
toxic to cells, causing damage to DNA, proteins and lipids. We had 
published that DM patients with Haptoglobin 2-2 had more DM 
micro and macrovascular complications than in DM patients with 
Haptoglobin 1-1. In Haptoglobin 2-2 DM patients, the use of vitamin 
E as anti-oxidant can be beneficial [10,11].

Recently different investigators had published new data regarding 
the protective effect of the selective vitamin D3/ VDR/klotho axis on 
DN. Increasing evidence demonstrates that the renoprotective action 
of Klotho is through inhibition of intrarenal RAAS. It has been shown 
that Klotho may inhibit intrarenal RAS by targeting Wnt/b-catenin 
signaling, decreasing glomerular fibrosis and progression of DN 
[12,13].

Klotho is a transmembrane protein, which serves as the cofactor 
for Fibroblast Growth Factor 23 (FGF-23) to bind to its cognate 
receptor and regulate phosphorus and vitamin D metabolism. The 
soluble form of klotho is reported to have antiaging properties 
which may be mediated via multiple systemic effects including 
regulation of insulin signaling and prevention of vascular calcium 
deposits, oxidative stress, and fibrosis. The kidney has the highest 
levels of klotho expression and is thought to be the major source of 
soluble klotho, which is released through proteolytic cleavage of the 
transmembrane form as well as alternative gene transcription. VDR 
is a well-established negative regulator of the RAAS. At cellular level, 
VDR directly suppresses renin gene transcription. These results seem 
to suggest that VDR may primarily target the local RAAS to confer 
cardiovascular and renal protection [13,14].

Recently calcitriol, the active compound of vitamin D, the 
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1,25-Dihydroxyvitamin D3(1,25 (OH)2D3, has been shown to function 
as a protective pathway during hyperglycemic state, functioning as 
negative endocrine regulator of the RAAS by suppressing the renin 
gene transcription. These so-called non-calcemic activities include 
regulation of renal and cardiovascular functions and modulation of 
immune response. The molecular basis for the broad functionalities 
of vitamin D is the expression of the Vitamin D Receptor (VDR) 
in virtually all tissues in the body and especially in podocytes. The 
activities of 1,25(OH)2D3 are mediated by the VDR, a member of 
the nuclear receptor super family. Relevant examples of these non-
calcemic activities are regulation of the RAAS, and the Nuclear Factor 
B (NF-kB) pathway, two pathways involved in a broad range of 
pathological processes such as DN. Its well known today that klotho 
expression in the diabetic kidney is decreased in early stages. Our 
unpublished data in human and mice had shown decreased klotho 
and VDR expression in the glomeruli with decreased levels of the 
active vitamin D [14]. 

The recently introduced selective Sodium-Glucose Co transporter 
Type 2 (SGLT2) inhibitors improve glycemic control in an insulin-
independent manner by blocking glucose reabsorption in the renal 
proximal tubule, thereby enhancing urinary glucose excretion. 
SGLT2 inhibitors exert multiple beneficial effects, including 
reductions in body weight and serum uric acid as well as BP lowering 
and attenuation of glomerular hyper filtration, SGL2 inhibitors 
ameliorate the autophagy process especially in the proximal tubular 
cells by reducing glucose toxic effect on mitochondrial bioenergetics. 
As the kidney relies on Oxidative Phosphorylation (OXPHOS) to 
provide the bulk requirements of ATP for tubular reabsorption, it is 
not surprising that mitochondrial homeostasis is strictly essential for 
an optimally functioning kidney, especially the PCT. Metformin an 
old anti-diabetic agent was found to be of great benefit in restoring 
autophagy in diabetic nephropathy [15-17].

The interaction between lysosomes of PCT during hyperglycemia/
DM and the axis vitamin D-Vitamin D Receptor, klotho and 
mTORC1-autophagy is shown in Figure 1.
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Figure 1: Schematic representation of the interaction between increased iron 
deposition in the proximal convolute tubular cells (PCT) due to hyperglycemia 
and klotho-vitamin D- Autophagy axis.
ROS: Reactive Oxygen Species, SGL22-1: Sodium Glucose Transport 2- 
Inhibitor.
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