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Pathogenesis of diabetic nephropathy

» Activation of DAG-PKC pathway
 Accumulation of AGE

« Activation of polyol pathway

- Activation of hexosamine pathway
* ROS production

- High LDL-Cholesterol
* High FFAs

- Renin angiotensin system (RAS)



Stage progression of diabetic nephropathy
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Caloric restriction
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Caloric restriction delays disease onset
and mortality in Rhesus monkeys

Ricki J. Colman., Science 10 July 2009 325: 201-204
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Glucose and lipid

Metabolism

Diabetic nephropathy?
Anti-aging

Myocyte differenciation >

Kume S., Koya D et al. Seminars in Nephrology (2013)
Kume S., Koya D et al. J Clin Invest. (2010)



GFP-LC3 |
transgenic mouse Fed  48-h fasting
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Autophagy in podocytes and proximal tubular cells
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Autophagy is suppressed in podocytes of
diabetic patients with massive proteinuria

Podocin P62
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Proteinuria
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Diabetic Nephropathy

Proteinuria
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The accumulation of P62
protein is a marker of
autophagy insufficiency.



Autophagy is suppressed in podocytes of
diabetic patients with massive proteinuria

Diabetic Nephropathy
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Podocyte-specific autophagy-deficient mice
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Dietary intervention study protocol

High-fat diet-induced obese type 2 model:
A mouse model to induce mild glomerular lesion and low grade albuminuria

Deji N. et al. AJP Renal Physiology (2009)
Kume S. et al. JASN (2007)
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Podocyte-specific autophagy deficiency did not affect
HFD-induced alteration of systemic glucose metabolism.
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PAS

Fibronectin

Podocyte-specific autophagy deficiency had no effect on
HFD-induced glomerular hypertrophy and fibrosis.
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Podocyte-specific autophagy deficiency exacerbated
HFD-induced increases in urinary albumin excretion.
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Podocyte-specific autophagy deficiency caused podocyte

dysfunction and podocyte loss only under diabetic condition.
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Summary of podocyte study

Normal glomerular GBM thickening
filtration barrier Glomerulosclerosis

Podocytes
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» Autophagy insufficiency in podocyte plays
a causal role in diabetic nephropathy.

> These findings were consistent with the
results of human biopsy study.
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Podocyte injury

Podocyte loss

Foot process effacement
Reduced Podocin expression

Massive proteinuria
(Nephrotic syndrome)



Therapeutic roles of autophagy
in diabetic nephropathy
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Proximal tubular cells in obese mice are more
susceptible to proteinuria-related toxicity.

PBS Protein-overload

Obese

> Is autophagy involved in the molecular mechanism underlying obesity-mediated
exacerbation of proteinuria-induced tubular cell damage?



Proteinuria induces autophagy
in proximal tubular cells

Protein-overload model
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Yamahara K and Kume S., Koya D et al. JASN (2013)



Obesity suppressed proteinuria-induced
autophagy in proximal tubular cells

PBS Protein-overload
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Case 1

Case 2

Autophagy is suppressed in
proximal tfubular cells of diabetic patients

Non-obese IgA nephropathy Obese diabetic nephropathy
with proteinuria (>1.0g/day) with proteinuria (>1.0g/day)
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The accumulation of P62 protein is a marker of autophagy insufficiency.



Proximal tubular cell-specific
autophagy-deficient mice
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Role of autophagy in proteinuria-induced
tubular cell damage
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Autophagy-deficiency exacerbated
proteinuria-induced tubular cell damages
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Autophagy-deficiency exacerbated
proteinuria-induced tubular cell apoptosis
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Normal Obese & Diabetes

K1Y )5 e, 1(15)s
‘ Pr'oTer‘inur'ia»
K
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Therapeutic roles of autophagy
in diabetic nephropathy
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Discussion 1

- Activation of DAG-PKC pathway
 Accumulation of AGE

» Alteration of polyol pathway

- Alteration of hexosamine pathway
* ROS production

- High LDL-Cholesterol
- High FFAs

- Renin angiotensin system (RAS)

- Autophagy activation

Kume S. Koya D et al. Review in Diabetes (2012)



Discussion 2

» Is autophagy activation good for all diabetic patients?
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>

e € \] (Proximal tubule) h
e g (‘  Atgb deletion
§w - (Podocyte)
o —
‘é v ' Atg7 deletion > Tissue-protective roles
g Q
R

5] S WAR Y g

O &4 Atgb deletion

= \Hy’ =

P 4
NV Atgb deletion
V. ¥ Atg7 deletion

«
-7

Muscle Liver Adipocyte

\]
<
(o}
(o))
|
(o)
Q
>
b
\%)
<
Q)
b
=
5
\%)
<
=

Atg7 deletion

Skeletal

> Biomarkers to detect whole body autophagy activity in human samples.
» Specific activators of autophagy.



Conclusion

Autophagy activation could serve as
an additional therapeutic option to
prevent diabetic nephropathy.



