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Diabetic nephropathy is a leading cause of end stage renal disease and its occurance is increasing worldwide. The most effective
treatment strategy for the condition is intensive treatment to strictly control glycemia and blood pressure using renin-angioten-
sin system inhibitors. However, a fraction of patients still go on to reach end stage renal disease even under such intensive care.
New therapeutic targets for diabetic nephropathy are, therefore, urgently needed. Autophagy is a major catabolic pathway by
which mammalian cells degrade macromolecules and organelles to maintain intracellular homeostasis. The accumulation of
damaged proteins and organelles is associated with the pathogenesis of diabetic nephropathy. Autophagy in the kidney is activat-
ed under some stress conditions, such as oxidative stress and hypoxia in proximal tubular cells, and occurs even under normal
conditions in podocytes. These and other accumulating findings have led to a hypothesis that autophagy is involved in the patho-
genesis of diabetic nephropathy. Here, we review recent findings underpinning this hypothesis and discuss the advantages of tar-
geting autophagy for the treatment of diabetic nephropathy.
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INTRODUCTION

Diabetic nephropathy is a leading cause of end-stage renal dis-
ease throughout the world. The establishment of novel, effec-
tive therapeutic strategies is, therefore, urgently required. Pro-
teinuria and/or albuminuria is a sign of glomerular lesions in
diabetic nephropathy. These lesions can subsequently develop
into tubulointerstitial lesions that lead to renal dysfunction
[1]. Clinically, therefore, reducing proteinuria is considered a
principal therapeutic target to improve renal outcomes in pa-
tients with diabetic nephropathy.

The pathogenesis of diabetic nephropathy involves altered
intracellular metabolism associated with hyperglycemia, in-
cluding the activation of protein kinase C, the accumulation of

advanced glycation end-products, increased flux of the polyol
pathway and oxidative stress [2-6]. Moreover, hemodynamic
changes such as systemic and glomerular hypertension related
to hyperactivation of the renin-angiotensin system are involved
in diabetic nephropathy [7]. The strong association of these al-
terations with the pathogenesis of diabetic nephropathy has
been supported by a number of large clinical trials such as the
Diabetes Control and Complications Trial (DCCT), United
Kingdom Prospective Diabetes Study (UKPDS), Kumamoto
study and Reduction of Endpoints in NIDDM with the Angio-
tensin II Antagonist Losartan (RENNAL) study, all of which
showed that intensive control of glycemia and blood pressure
with the blockades of renin-angiotensin system could success-
fully prevent the progression of diabetic nephropathy [7-10].
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Furthermore, interestingly, recent clinical studies have revealed
that microalbuminuria was reversible and overt proteinuria
partially reversible with strict glycemic and blood pressure
controls [11,12]. Thus, some aspects of diabetic nephropathy
are becoming treatable. However, it is also an undeniable fact
that some patients develop treatment-resistant proteinuria,
such as nephrotic syndrome, resulting in end stage renal dis-
ease. Thus, additional therapeutic options are needed to further
reduce proteinuria and/or to protect proximal tubular cells
from proteinuria-related toxicity.

Compared with several proteinuric kidney diseases, the re-
nal prognosis of patients with diabetic nephropathy is extreme-
ly poor. This suggests that the diabetic condition makes various
renal cells vulnerable to damage. Cells have evolved several
mechanisms to cope with stress and to maintain cellular ho-
meostasis, such as the anti-oxidative stress response [5] and the
endoplasmic reticulum (ER) stress response [13]. In addition,
autophagy is an intracellular catabolic processes, in which pro-
teins and organelles are degraded via lysosomes to maintain in-
tracellular homeostasis under certain cytotoxic stress condi-
tions, including hypoxia and ER stress [14]. Recent reports
have shown that autophagy activity declines with obesity or ag-
ing in some organs, a decline that is associated with the patho-
genesis of obesity- and age-related diseases [15,16]. The func-
tional roles of autophagy in the kidney have been intensely in-
vestigated [17]. For example, autophagy has been reported to
play renoprotective roles during both normal aging and after
acute kidney injury in some animal models [18,19]. These find-
ings allow us to hypothesize that diabetes can impair autopha-
gic activity, making kidney cells vulnerable to diabetes-related
metabolic stress and to consider autophagy as a new therapeu-
tic target for diabetic nephropathy [20]. In this review, we sum-
marize recent experimental findings regarding the role of au-
tophagy in diabetic nephropathy and discuss its therapeutic
potential.

AUTOPHAGY

The term “autophagy” is derived from Greek, and means self-
eating. It is a bulk degradation process involved in the clearance
of damaged proteins and organelles and is a highly conserved
process from yeast to mammals [21]. Autophagy has two major
physiological roles in cells. One is to recycle intracellular energy
resources in response to conditions of nutrient depletion [22],
and the other is to remove cytotoxic proteins and damaged or-
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ganelles under various stress conditions [14]. Thus, autophagy
is recognized as an essential system to maintain cellular ho-
meostasis. Several types of autophagy have been described, in-
cluding macroautophagy, microautophagy, and chaperone-
mediated autophagy, all of which differ in their mechanisms
and functions. Of these three types, macroautophagy is the
most prevalent and is hereafter referred to as autophagy.

During autophagy, de novo isolation membranes (phagoph-
ores) elongate and fuse while engulfing a portion of the cyto-
plasm within double-membraned vesicles (autophagosomes)
[21]. Autophagosomes can originate from the ER membranes.
Four major steps are involved in the formation of autophago-
somes: initiation, nucleation, elongation, and closure [21],
each of which is strictly regulated by proteins encoded by au-
tophagy-related genes (Atgs).

Autophagy is initiated by activation of the unc-51-like kinase
1 (Ulkl) complex, the mammalian ortholog of the yeast Atgl
complex. The Ulkl complex is composed of the Ulkl Ser/Thr
protein kinase, Atgl3 and FIP200, the mammalian homolog of
the yeast Atgl7 protein. Ulkl-mediated phosphorylation of
Atgl3 and FIP200 is essential for triggering autophagy. Phago-
phore nucleation is dependent on a Beclinl (Atg6 in yeast),
hVps34 complex, or class III phosphatidylinositol 3-kinase
(PI3K) complex, which consists of Beclinl, hVps34, hVpsl15,
and Atgl4 [23,24]. Autophagosome elongation/closure in-
volves two ubiquitin-like conjugation systems: Atgl2 and light
chain 3 (LC3), the mammalian ortholog of yeast Atg8. The
Atgl2-Atg5 conjugate, which forms the Atgl2-Atg5-Atgl6
complex, contributes to the stimulation and localization of the
LC3 conjugation reaction. The cytosolic isoform of LC3 (LC3-
I) is conjugated to phosphatidylethanolamine through two
consecutive ubiquitination-like reactions catalyzed by the E1-
like enzyme Atg7 and the E2-like enzyme Atg3, forming LC3-
II. Thus, LC3-1II formation is recognized as a marker for au-
tophagosomes in cell and animal experiments [21]. After for-
mation, the autophagosomes merge with lysosomal compart-
ments to form autolysosomes. Finally, autophagosome contain-
ing macromolecules can be degraded by lysosome enzymes.
The protein p62, also known as sequestosome 1 (SQSTM1), lo-
calizes to autophagosomes by interacting with LC3 and is con-
sistently degraded by the autophagy-lysosome system [25]. The
accumulation of p62 has been observed in autophagy-deficient
cells [25].
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NUTRITION-RELATED REGULATORY
MECHANISM OF AUTOPHAGY

Autophagy is triggered by nutrient starvation conditions and
functions to overcome such a life-threatening situation. Thus,
the signaling associated with autophagy is mostly understood
in the context of coping with nutritional stress and maintain-
ing cellular homeostasis. Many studies have concentrated on
amino acid and insulin-dependent signaling involving mam-
malian target of rapamycin complex 1 (mTORC1). Hyperacti-
vation of mMTORC1 due to amino acid load or insulin stimula-
tion can inhibit autophagy at the step of autophagy initiation
[26]. Upstream of mTORCI, 5'-adenosine monophosphate
(AMP)-activated protein kinase (AMPK) phosphorylates and
activates tuberous sclerosis 2, an inhibitor of mTORC]I, in re-
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sponse to a low adenosine triphosphate/ AMP ratio, leading to
mTORCI inactivation and autophagy induction [27]. Further-
more, under glucose starvation, AMPK promotes autophagy
by directly activating Ulk1 through phosphorylation of Ser317
and Ser777 [28]. In contrast, under nutrient sufficiency, high
mTORCL activity prevents Ulkl activation by phosphorylat-
ing Ulk1 Ser757 and disrupting the interaction between Ulk1l
and AMPK [28]. This coordinated phosphorylation is impor-
tant for Ulkl in autophagy induction. Thus, mMTORCI1 and
AMPK play central and opposite roles in regulating the initia-
tion of autophagy in response to alterations in intra- and ex-
tra-cellular nutrient levels (Fig. 1).

Sirt] is a nicotinamide adenine dinucleotide (NAD)-depen-
dent deacetylase that can also act as an intracellular nutrient
sensing signal through its deacetylase activity on some tran-
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Fig. 1. Nutrient regulation of autophagy. Autohagosome formation is regulated by a number of autophagy-related proteins at
multiple steps. Initiation of autophagy via Ulkl complex is negatively and positively regulated by mammalian target of rapamy-
cin complex 1 (mTORCI)- and 5'-AMP-activated protein kinase (AMPK)-dependent phosphorylation, respectively. Sirtl-de-
pendent deacetylation is also involved in the activation of autophagy. Origin of autophagosome membrane is endoplasmic retic-
ulum (ER) membrane. Autophagosome fuses with lysosome to form autolysosome and is finally degraded by lysosome enzymes.
NAD, nicotinamide adenine dinucleotide; AMP, adenosine monophosphate; ATP, adenosine triphosphate; Atg, autophagy-relat-
ed gene; LC3, light chain 3; Ulk1, unc-51-like kinase 1; PE, phosphatidylethanolamine; FOXO3a, forkhead box O3a.
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scriptional factors and cytosolic proteins [29]. Sirtl is activat-
ed under energy depleted conditions in response to an in-
crease in the ratio of NAD/NADH. Sirt1 can directly deacety-
late some Atg proteins, such as Atg5, Atg7, and Atg8, and this
process is required for starvation-induced autophagy activa-
tion [30]. Furthermore, Sirtl deacetylates forkhead box O3a
(FOXO3a), which results in upregulation of Bnip3 gene tran-
scription, resulting in Beclin-1-dependent initiation of au-
tophagy [19]. Thus, Sirtl regulates autophagosome formation
via multiple components of the autophagy machinery (Fig. 1).

AUTOPHAGY ACTIVITY IN RENAL CELLS

As mentioned above, once autophagy is activated, LC3 pro-
teins localize to the autophagosome membrane. This can be
observed in a transgenic mouse carrying a green fluorescent
protein (GFP)-LC3 fusion transgene as a green dot signal and,
therefore, activation of autophagy can be detected in cells of
the transgenic mouse [31]. This animal model is widely em-

Ad-libitum 48-hr fasting

ployed and we used it to examine autophagy activity in kid-
neys. As previously reported [31], podocytes show active au-
tophagy regardless of feeding condition (Fig. 2). In contrast,
proximal tubular cells show autophagy activation only when
they were exposed to starvation (Fig. 2). Using the GFP-LC3
mouse model, we did not find autophagosome dots in renal
cells other than podocytes and proximal tubular cells, for ex-
ample in cells of the distal tubules and collecting duct. These
results are consistent with recent reports from other investiga-
tors. Thus, podocytes and proximal tubular cells are the focus
of autophagy studies in the field of kidney research.

PODOCYTE AUTOPHAGY IN DIABETIC
NEPHROPATHY

Proteinuria is a major clinical concern of diabetic nephropa-
thy and is caused by disruption to the glomerular filtration
barrier. Glomerular epithelial cells, also called podocytes, are
predominantly responsible for maintaining the glomerular fil-

Ad-libitum

48-hr fasting

Podocytes

Proximal tubular cells

Fig. 2. Autophagy activity determined using green fluorescent protein light chain 3 (GFP-LC3) transgenic mouse. Autop-
phagome can be detected as GFP-LC3 dots in tissues of this mouse model. Autophagosomes formation is constitutively observed
in podocytes even under ad-libitum condition. In contrast, autophagy can be observed in proximal tubular cells exposed to 48-
hour fasting. The white dotted line box indicates the area for each enlarged figure. Blue signal, DAPI stain to visualize nuclei. Red
signal, nidogen stain to visualize basement membrane. Green signal, GFP signal indicating LC3 protein.

454 Diabetes Metab ] 2015;39:451-460  http://e-dmj.org



Autophagy and diabetic nephropathy

tration barrier [32]. Podocytes are highly specialized, termi-
nally differentiated and unable to proliferate. Podocyte loss
due to cell death and podocyte foot process dysfunction result
in massive proteinuria in diabetic nephropathy [33]. Thus,
maintaining podocyte cell homeostasis is regarded as a thera-
peutic target to prevent progression to nephrotic syndrome
due to diabetic nephropathy.

The autophagy-lysosomal degradation pathway is likely to
play an essential role in maintaining podocyte function. As
mentioned above, podocytes exhibit active autophagy even un-
der non-stress conditions, suggesting that podocytes require a
high basal level of autophagy to maintain cellular homeostasis
[31]. Podocyte-specific autophagy-deficient mice, resulting from
Atg5 gene deletion, have glomerular lesions accompanied by
podocyte loss and albuminuria that increase with age [18]. Fur-
thermore, the impairment of lysosomal function in podocytes
by deletion of the mammalian target of rapamycin (mTOR), pro-
renin receptor or mVps34 genes caused severe glomerular sclero-
sis, massive proteinuria [34-36]. Since autophagy involves degra-
dation by lysosomes, autophagosomal degradation was disturbed
in the podocytes of these mouse models. These results support the
idea that the autophagy-lysosomal degradation pathway plays an
essential role in maintaining podocyte cell homeostasis.

Despite this knowledge of the physiological role of podocyte
autophagy, the role of autophagy in diabetic nephropathy has
remained unclear. However, accumulating evidence now shows
an association between autophagy and diabetic nephropathy.
Autophagic activity in podocytes of streptozotocin-induced di-
abetic mice was found to decline with increased duration of di-
abetes [37]. Cultured podocytes exposed to high concentrations
of glucose also showed lower autophagic activity, along with de-
creased levels of autophagy-related proteins, such as beclin-1
and the Atg5-Atg12 complex [37]. Furthermore, suppression of
beclin-1 expression in cultured podocytes decreased podocin
expression resulting in albumin leakage [37]. These findings
suggest that hyperglycemia reduces autophagy activity, leading
to alterations in podocyte function and disturbance to the glo-
merular filtration barrier.

Although many of these results support the hypothesis that
autophagy is involved in the pathogenesis of diabetic nephrop-
athy, direct evidence showing the involvement of autophagy in
the pathogenesis of diabetic nephropathy using podocyte-spe-
cific autophagy deficient animals had not been reported until
recently. However, two recent works, including our own, have
clearly shown the renoprotective role of autophagy in diabetic
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podocytes [38,39]. Podocyte-specific autophagy-deficient mice
developed podocyte loss and massive proteinuria when used
in a high-fat diet (HFD)-induced obese type 2 diabetic model
[38]. Furthermore, deletion of Atg5 specifically in podocytes
resulted in accelerated diabetes-induced podocytopathy with a
leaky glomerular filtration barrier in a streptozotocin-induced
type 1 diabetic model [39]. Collectively, these findings suggest
that autophagy is likely to play an essential role in coping with
diabetic stress in podocytes, regardless of whether the diabetic
nephropathy is type 1 or type 2.

What is the degradation target of podocyte autophagy? As
mentioned previously, lysosomes are likely to be important in
maintaining podocyte homeostasis. In our recent study, a mas-
sive accumulation of lysosomes with abnormal morphology
was observed in the podocytes of obese type 2 diabetic rodents
with autophagy deficiency [38]. Although it remains unclear
whether lysosomes are a unique target of podocyte autophagy
under any pathogenic conditions, our results suggest that dam-
aged lysosomes are an important degradation target of podo-
cyte autophagy, at least under diabetic conditions.

AUTOPHAGY IN PROXIMAL TUBULAR
CELLS

Compared with most other glomerular diseases, the renal out-
comes of patients with diabetic nephropathy are extremely poor
and the underlying mechanisms remain unclear. The severity of
proteinuria-induced tubulointerstitial lesions is strongly corre-
lated with renal outcomes regardless of the cause of the glomer-
ular disease [1,40,41]; therefore, diabetic conditions may exac-
erbate proteinuria-induced tubulointerstitial lesions compared
with other primary glomerular diseases [42]. If so, identifying
the detailed molecular mechanisms underlying the diabetes-
and/or obesity-mediated vulnerability of proximal tubular cells
may contribute to the development of new therapies that can
improve renal outcomes in obese type 2 diabetes patients with
persistent proteinuria. Is autophagy involved in the mechanism
of diabetes-related vulnerability in proximal tubular cells? In
this section, we discuss this possibility based on several recent
publications.

The physiological role of autophagy in proximal tubular
cells differs from its role in podocytes. Autophagy activity is
very low in proximal tubular cells under basal conditions, but
higher rates of autophagy are required by cells under stress
conditions. Acute kidney injury due to nephrotoxic agents and
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ischemia is becoming a serious health problem in clinical set-
tings. A great number of recent animal studies have shown that
autophagy in proximal tubular cells is enhanced during acute
kidney injury caused by ischemic-reperfusion and cisplatin, a
nephrotoxic anti-cancer drug [43-45]. Furthermore, mice
lacking autophagy activity in proximal tubular cells, generated
by deleting the Atg5 and Atg7 genes, showed progressive renal
damage, suggesting that activation of autophagy during acute
kidney injury is renoprotective [43,44,46]. These mice also
showed premature renal aging, suggesting that a low level of
basal autophagy is essential to keep cell homeostasis in proxi-
mal tubular cells, or that autophagy induction is needed to
cope with age-related extra- and intra-cellular stresses, such as
hypoxia and ER stress.

Proteinuria creates strong nephrotoxic stress in a number of
proteinuric kidney diseases, including diabetic nephropathy
[1,40]. Based on our previous paper, an increased flux of pro-
tein into the urinary lumen from the glomeruli was found to
activate autophagy in proximal tubular cells, which reabsorb
the protein in urinary lumen. Afg5 knockout mice, deficient in
proximal tubular cell-specific autophagy, developed severe
proteinuria-induced tubulointerstitial lesions, along with en-
hanced proximal tubular cell apoptosis, similar to results ob-
tained in animal models of acute kidney injury [47]. Collec-
tively, proximal tubular cells can induce autophagy to cope
with both acute and chronic nephrotoxic stresses. Thus, au-
tophagy in proximal tubular cells and podocytes plays a reno-
protective role in various stages of proteinuric kidney diseases.

Studies have also assessed the effects of obesity and diabetes
on renoprotective autophagy in proximal tubular cells exposed
to nephrotoxicity. Autophagy activity was shown to be signifi-
cantly suppressed in the kidneys of streptozotocin-induced di-
abetic mice, HFD-induced obese mice and Wistar fatty rats
[47,48]. This led to the accumulation of damaged molecules
and organelles, including p62 protein and damaged mitochon-
dria, which are normally degraded via the autophagy-lyso-
somal pathway. Interestingly, autophagy insufficiency has been
confirmed in renal biopsies of patients with obese type 2 dia-
betes [47]. The proximal tubular cells of patients with type 2
diabetes showed the accumulation of p62 protein, suggesting
that deficient autophagy also occurs in humans with obesity
type 2 diabetes.

The mechanism involved in autophagy-deficient proximal
tubular cells of obese animals and humans has also been inves-
tigated. As mentioned in the previous section, autophagy is
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Fig. 3. Podocytes and proximal tubular cells have basal and
stress-responsive autophagy, which is essential to maintain
cellular homeostasis. Some pathological situations such as dia-
betes, obesity, and aging suppresses both basal and stress-re-
sponsive autophagy, leading to massive proteinuria and severe
tubular cell damage.

regulated by intracellular nutrient signals, such as mTORC1,
AMPK, and Sirtl. Of these signals, mTORCI is likely to be in-
volved in diabetes-related inhibition of stress-induced autoph-
agy in proximal tubular cells [47]. Histological analysis showed
that the proximal tubular cells of obese type 2 diabetic mice
and humans were intensely positive for phosphorylated S6
protein, an indicator of mMTORCI activation, and strongly as-
sociated with an obesity-related deficiency in autophagy [47].
These findings indicate that autophagy deficiency and the
pathogenesis of diabetic nephropathy are closely associated.
Obesity- or diabetes-mediated autophagy deficiency is likely to
be involved in the vulnerability of proximal tubular cells (Fig.
3). Restoring autophagy activity may therefore be a new thera-
peutic strategy for diabetic patients with overt proteinuria.

AUTOPHAGY IN OTHER RENAL CELLS

Diabetes primarily injures endothelial cells, which is strongly
associated with the initiation of diabetic nephropathy. Lenoir
et al. [39] have shown direct evidence of the association be-
tween endothelial cell autophagy and diabetic nephropathy.
They showed that endothelial cell-specific autophagy-deficient
mice develop severe glomerular damage, indicating that au-
tophagy in the endothelium also plays a renoprotective role
against diabetic stress. Thus, although autophagy activity was
not apparent in these cells from studying GFP-LC3 transgenic
mice, cell-specific autophagy-deficient mice can provide im-
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portant information regarding autophagy in diabetic nephrop-
athy in renal cells other than podocytes and proximal tubular
cells. This area is being actively researched and the role of dia-
betic autophagy in mesangial cells, distal tubular cells and col-
lecting duct is under scrutiny.

THERAPEUTIC STRATEGIES TARGETING
THE ACTIVATION OF AUTOPHAGY

The evolution of autophagy has enabled it to be activated un-
der nutrient-depleted conditions, to overcome long-term pe-
riods of starvation. For the past several decades, many investi-
gators have tried to identify calorie restriction-mediated anti-
aging effects in mammals. Activation of autophagy is essential
for calorie restriction-mediated life span elongation and anti-
aging effects in various organisms [49,50]. Autophagy in prox-
imal tubular cells is activated by short-term starvation, sug-
gesting that these cells possess a mechanism by which autoph-
agy is induced in response to energy depletion. Calorie restric-
tion has a renoprotective action against several kinds of renal
injury [19,51]. A calorie restriction regimen, which activates
autophagy, should therefore become a potent therapeutic
strategy to prevent diabetic nephropathy. Indeed, calorie re-
striction improves renal damage in type 2 diabetic Wistar fatty
rats, as well as restoring autophagy activity in their proximal
tubular cells [48]. Thus, an agent that can mimic caloric re-
striction may have potency to activate autophagy in mamma-
lian cells, and become a therapy for diabetic nephropathy.

Given that autophagy is regulated by nutrient-responsive
intracellular signals such as mTORC1, AMPK, and Sirtl,
agents that can modify the activity of these signals may have
therapeutic potency to treat diabetic nephropathy. Indeed, an
mTORCL inhibitor, rapamycin, improved glomerular lesions
in experimental diabetic nephropathy, and it can activate au-
tophagy; therefore, autophagy may be involved in the reno-
protective mechanism of rapamycin in diabetic nephropathy.
However, excessive mMT'ORC1 inhibition also led to podocyte
dysfunction [52]. Thus, whether mTORCI inhibition is safe
and effective for all patients with diabetic nephropathy is still
under debate.

AMPK is a nutrient-sensing kinase that positively regulates
autophagy. AMPK is activated under conditions of energy de-
pletion and is likely suppressed in diabetic nephropathy [53].
Thus, AMPK-mediated induction of autophagy may be in-
volved in its renoprotective mechanism. AMPK activation may
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be linked to autophagy for maintaining renal homeostasis in
diabetic kidneys. AMPK is inactivated by dephosphorylation
in the glomeruli and tubules of both type 1 and type 2 diabetic
animal models. This inactivation is reversed by agents such as
metformin and resveratrol, along with the attenuation of dia-
betic glomerular and tubular injury [53-57]. Decreases in
AMPK activity may be involved in the pathogenesis of diabetic
nephropathy by reducing autophagy, suggesting that AMPK
activation may be a target for restoring autophagy activity, even
in diabetic kidneys. Some agents, such as 5-aminoimidazole-
4-carboxamide ribonucleotide and metformin, can improve
renal lesions in experimental diabetic nephropathy models.
These agents might improve diabetic nephropathy through the
restoration of autophagy activity in diabetic kidneys.

Sirtl is another regulator of autophagy. A recent study has
shown that Sirt1 deficiency is associated with the pathogenesis
of both podocyte injury and proximal tubular cell damage in
diabetic nephropathy, and that re-activation of this deacety-
lase improved diabetic nephropathy in mice [58]. We previ-
ously reported that an age-dependent decline of Sirtl activity
caused suppression of stress-induced autophagy in mouse
kidneys, which accelerated the premature aging renal pheno-
type [19]. Thus, diabetes-related decline of Sirtl activity may
lead to inhibition of autophagy, leading to a severe renal phe-
notype in diabetic nephropathy. Taken together, these findings
suggest that nutrient-sensing signals are strong candidate tar-
gets for modifying autophagy activity in kidney. However, di-
rect evidence is still lacking and revealing the relationship
among these signals, autophagy, and pathogenesis of diabetic
nephropathy is a challenge that remains to be completed.

CONCLUSIONS

Over a period of decades, a large number of studies have at-
tempted to reveal the molecular mechanisms underlying dia-
betic nephropathy and to develop new therapeutic strategies.
However, the incidence of end-stage renal disease due to dia-
betic nephropathy continues to increase worldwide. There is
an urgent need to identify new therapies for diabetic nephrop-
athy. We have provided a perspective on the involvement of
autophagy in the pathogenesis of diabetic nephropathy and
whether it can be a new therapeutic target to treat this condi-
tion. The study of autophagy in diabetic nephropathy has only
recently begun; therefore, evidence showing its involvement in
the pathogenesis of diabetic nephropathy is still emerging. A
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great number of issues remain to be resolved. Future studies
will provide clear evidence to determine whether autophagy
should be considered a novel therapeutic target for diabetic
nephropathy, and we hope that this review can contribute to
the study of autophagy in diabetic nephropathy.
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