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Natural History of Type 1 Diabetic Nephropathy
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Pathogenesis of kidney disease in patients with
diabetes
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The "Tubular Hypothesis”

{A) Noermal physiclogy {B) Hyperfiltration in early stages of (C) SGLT-2 inhibition reduces SG LT2I
diabetic nephropathy hyperfiltration via TGF
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Glomerular Hypertension Predisposes to
Proteinuria and Renal Disease Progression

Glomerular hypertension
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Mechanisms of Interstitial Damage Induced by Proteins

Actlvated proximal tubular cell

Interstitial Interstitium

fibrosis
EMT . Lymphocyte/macrophage
i ko infiltration
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Fig. 78.7 Mechanisms of interstitial damage induced by proteins. Cytokines, chemokines, and growth
factors are released from the activated tubule into the interstitium, where they contribute to recruit inflam-
matory cells and lymphocytes, causing progressive fibrosis. ECM, Extracellular matrix; EGF, epidermal growth
factor; EMT, epithelial-to-mesenchymal transdifferentiation; FGF, fibroblast growth factor; PDGF, platelet-
derived growth factor; TGF-B, transforming growth factor-f.
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Mukoln, Fructose, Uric Acid & ROS
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Figure 3 Different pathogenic mechanisms of kidney injury possibly induced by uric acid. UA= uric acid; ROS=
reactive oxygen species; NF-kB= Nuclear Factor kappa B; MCP1= Macrophage Chemoattractant
protein-1; RAS= Renin angiotensin system; EMT= Epithelium mesenchyme transition; VSMC= Vascular
smooth muscle cells. NADPH: Nicotinamide Adenine Dinucleotide

Abdulazim DO (2017) Clin Exp Nephrol Vol 2 No 2: 35.




Aglucose

ANADPH oxidase
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Figure 2 Reactive oxygen species mediated podocyte injury and podocin
protein alteration. NADP= Nicotinamide adenine dinucleotide

phosphate; ROS= Reactive oxygen species.
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Toll-like receptors (TLRs) & NFkB
TLRs are membrane receptors which activate immune cell responses
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O poAog twv Mammalian Target Of Rapamycin (mTOR) otn ANN
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Figure 5 Consequences of mTOR activation induced by hyperglycemia. mTOR= mammalian target of rapamycin;
BM= basement membrane; EMT= Epithelium mesenchyme transition; CCN2= Connective tissue growth
factor; TGFB= Transforming Growth Factor f; MCP1= Macrophage chemoattractant protein.

Abdulazim DO (2017) Clin Exp Nephrol Vol 2 No 2: 35.




The mTOR Pathway Promotes Apoptosis of Tubular Epithelial Cells in Diabetes
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Figure 6 CCN2 mediated glomerular and interstitial fibrosis. mTOR= Mammalian target of rapamycin; AGE=
Advanced glycation endproducts; A ll= Angiutensin Il; TGFfi= Transforming Growth Factor f; CCN2=
Connective tissue growth factor; EMT= Epithelium mesenchyme transition.

Abdulazim DO (2017) Clin Exp Nephrol Vol 2 No 2: 35.




AvaotoAeic tov CNN2 ko peiwon tng UAER

TasLE 2: Agents for nonspecific inhibition of CCN2 expression in diabetic nephropathy.

Agents Subjects Treatment plan Pathway Outcome

50, 100, and 150 mg/day for 2 osartan persistently decreased urinary
Losartan [43]  T1DN patients | months, then 100 mg for 36 CCN2 excretion, which correlated with a
months slower rate of decline in GFR

100 M for 24 b TGF-betal- Spironolactone suppressed the production of

Spironolactone MCs, PTCs
[46] T2DM rats

CCN2 in MCs, PTCs, and T2DM rat model.

Spironolactone reduced urinary protein and
albumin excretion.

Fasudil inhibited CCN2 expression in the
renal cortex of diabetic rats, with no affection
10 mg/kg/day Rho/Rho-kinase of plasma glucose, blood pressure, and
IG for 30 days pathway creatinine clearance in the diabetic rats.
Fasudil suppressed urinary excretion of
albumin.

20 mg/kg/day, p.o. independent
for 8 months pathway

Fasudil [52] TIDM rats

HG 30 mmol/L
Fasudil [54] HMCs fasudil 25, 50, and 100 gmol/L
for 12, 24, 36, 48,and 72 h
TGEF-f1 (1 ng/mL)
MMC fluorofenidone (2 mM) for 24
hours
TGF-p1(5ng/mL) Downregulation of
HK2 AKF-PD 1mM, 2 mM p-Smad2 and
For48h p-Smad3 proteins.

HG 30 mmol/L

Exendin-4 [73] HMC Ex-40.03,0.3, and 3nmol/L  ¢cAMP/PKA pathway
for 24 hours

Rho/Rho-kinase Fasudil reduced CCN2 mRNA expression and
pathway rotein secretion.

Fluorofenidone
[65] (AKE-PD)

ERK and p38 Fluorofenidone reduced TGEF-fl-induced
pathways CCN2 expression.

Fluorofenidone
66] (AKE-PD)

AKF-PD downregulated TGF-fl-induced
CCN2 expression and attenuated EMT.

Exendin-4 decreased HG-induced the
expression of TGF-p1 and CCN2.

Songyan Wang et al Journal of Diabetes Research Volume 2015




Activation of a local tissue anglotensin system 1n podocytes @[}
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Figure 7 Mechanism of podocyte injury and proteinuria induced by angiotensin Il.
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The Notch pathway in podocytes plays a role in the development of glomerular dis.

Podocytes (WT-1%) per glomerulus
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Niranjan Tet al . (2008) Nat Med 14: 290-298.
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O péAoc tou MicroRNA29 & DPP4 ot ANN
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r Ik between FGF2 RA

ol Table 1 Baseline characteristics of patients with diabetic
glucose

nephropathy, and healthy controls

‘L Diabetics Controls p
T Hi 23 Parameter (n=109) (n=32) Value
W | at-hydroxylase Age (years) 61.63+9.77 49.53+7.32  <0.001
¥ Gender (F/M) 47162 20112 0.054
¥ Calcitriol BMI (kg/m’) 30.93+4.85 21.3744.31 <0.001
¥ Creatinine (mg/dL) 157075 0881012 <0.001
AN Renin GFR (mUdak)-CKD-EPI ~ 51.71£23.11 90.15£20.71  <0.001

(eGFR)

Figure 11 FGF23 medigied increased renin activity

e s Foras= Fibroblast UPCR (mg/d) 1625.43£222762  00640:0.03  <0.001

UACR (mo/d) 26330432972 428637 <0.001

n= 3296 s-Klotho (ng/ml) 5.69:4.64 3624421  <0.001

i % 0 s FGF23 (pg/ml) 360.29¢528.36  189.09+293.22  <0.001

5 \ 73 25hD (ng/ml) 16.73£13.15  6L13:1837  <0.001

' R TS . éz e PTH (pg/m) %.33:111.52  57.792228  <0.001

§§ . INANRNE ‘-‘" Eg D S — Calcium (m/dL) 9.36+0.55 9.370.39 0.974

83 P RN O L5 Phosphorus (mg/dL) 3.43+064 3.28+0.67 0.136

%g m / amie E % P ALP (UL 85.82433.76 76251636  0.290

? " \/‘\/\/ T LU SBP (mm Hg) 140.40+2548 111971321 <0.001

oYV EVERET H2E2 5 DBP (mm Hg) 8.59+12.99  78.03+1024 0212
5 1" ———Aﬁmﬁimﬁgw

1 2 3 4 5 6 7 & 9 M
Deciles of 25-hydroxy and 1.25-dihydroxyvitamin D

A. Tomaschitz et al. Clinica Chimica Acta 411 (2010) 1354 Inci A, et al. J Investig Med 2016;64:1128-1133



FGF-23 as a predictor of renal outcome in DN JKlotho === PMFGF23 (XNN)
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diabetic nephropathy patients, )
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Lee et al PLOS One. 2014 Aug 1:9(8):e102984. Karalliedde et al CJASN 8: 1899-1905, November, 2013 .
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Nrf2 is activated in diabetic status but not enough to resist ROS

B i i Connexin43 regulates high glucose-induced
1 Cytoplasmic Nrf2 .
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JAK-STAT, Janus kinase/signal transducer and activator of transcription

The Phase 2 clinical trial of the efficacy of baricitinib in the treatment of diabetic kidney

disease (129 pts multicentre, randomised, double-blind, placebo-controlled
study - |, UAER)
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013 =
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=
(0.0007)
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043 =042
E
(0.003)

0.81 =
0.73

0.50 = 0.14
(0.878)

Prog. DKD
1.20+0.86 (0.023)

0.83 %
1.42

5.14 +£2.84
]
(0.0006)

1.81=180
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(0.016)

020+
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033 =0.13
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(0.0014)
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E
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057 x
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£
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114=1.14
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0.26 +
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B
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0.57 =038 0.74 =
(0.019) 0.71

0.54=0.18
(0.644)
Tuttle et al NTD(2018) 33: 1950-1959
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Brosius et al. Diabetologia. 2016 August ; 59(8): 1624-1627
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Pathophysiology of diabetic nephropathy: tubule versus glomerulus
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Sirtl-Claudin-1 crosstalk regulates renal function

Proximal tubules & podocytes communication by releasing NMN
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Nat Med. 2013 Nov;19(11):1496-504. doi: 10.1038/nm.3363. Epub 2013 Oct 20.

Renal tubular Sirt1 attenuates diabetic albuminuria by epigenetically suppressing Claudin-1
overexpression in podocytes.

Hasegawa K' Wakino S, Simic P, Sakamaki Y, Minakuchi H, Fujimura K, Hosoya K, Komatsu M, Kaneko Y, Kanda T, Kubota E, Tokuyama H, Hayashi K,
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Case 1: Non-obese IgA nephropathy Case 2: Non-obese IgA nephropathy
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Research Article

Protective Effect of Metformin ..
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“Manage the disease from stage 1 not stage 3 of DKD...”
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