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Abstract: Chronic kidney diseases (CKD), a common pathway of various glomerular diseases, which carries great
morbidity and mortality to people. CKD is characterized by progressive kidney fibrosis and remodeling. CKD is also
associated with the depletion of glomerular and tubular cells. Autophagy is a highly conserved process that de-
grades cellular long-lived proteins and organelles. It plays an important role in both normal and disease states, in-
cluding immunity, inflammation, and adaptation to stress. Evidence has indicated that impaired autophagic activity
is involved in the development of CKD. Here, we review the progress in our understanding of the role of autophagy
in the development and progression of CKD. Targeting the autophagic signaling pathways may be a therapeutic

strategy for CKD.
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Introduction

Autophagy degrades cellular long-lived proteins
and organelles [1]. Autophagy is essential for
cellular homeostasis and many biological activ-
ities. It is a nonselective degradation system
for long-lived cytoplasmic proteins and dysfunc-
tional organelles [2]. It responds to the cellular
stress by removing old/damaged proteins/
organelles and produces new cellular building
blocks [3]. Hence, autophagy plays an impor-
tant role in keeping the body homeostasis.
Dysregulation of autophagy results in the accu-
mulation of autophagosomes, which was ob-
served in a lot of diseases [4]. Autophagy is
reported to be involved in the development of
many disorders.

Autophagy regulates cellular quality control
through the disposal and recycling of cellular
components [5]. Under cellular stress, autoph-
agy managed stress by removing the potentially
toxic proteins, lipids, and organelles [6]. The
cellular stress, such as obesity and diabetes,
was likely to cause the damage to kidney. In
this sense, we speculated that the stress
response of autophagy may protect the kidney
indirectly. On the other hand, autophagy plays a
role in immunity and inflammation. CKD occurs
partly due to the imbalance of cellular mecha-
nisms related to oxidative stress, inflammation

and cell death [7]. These risk factors were
closely associated with autophagy. Agonist
induction of AMPK activity attenuates the albu-
minuria and podocyte foot process effacement
[8]. Hence, autophagy may also play a protec-
tive role against the development and progres-
sion of CKD. Targeting the autophagy may be a
therapeutic way for CKD.

During the past decades, a number of studies
have been performed to investigate the role of
autophagy in kidney diseases, including chronic
kidney diseases (CKD).

The role of autophagy in CKD attracted the
nephrologists’ attention. An in-depth under-
standing of the role of autophagy in CKD will
provide a new insight of new molecular therapy
strategies or biomarker for CKD patients.
Therefore, we performed this review to discuss
the important role of autophagy in the patho-
genesis of CKD, as well as the signaling path-
ways of autophagy and the role of the possible
interactions between autophagy and other mol-
ecules in CKD.

Autophagy
Autophagy is a cellular degradation pathway

that involves cytoplasmic content engulfment,
delivery and degradation by the lysosome [9]. It
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is tightly regulated to prevent its unbalanced
activation and maintain homeostatic protein or
organelle turnover. Autophagy is also a cata-
bolic mechanism required for cellular homeo-
static quality control and regeneration as well
as a cellular stress response mechanism. It
removes damaged organelles, protein aggre-
gates and pathogens by recruiting these sub-
strates into double membrane vesicles called
autophagosomes which subsequently fuse with
lysosomes [7].

Autophay is a self-digestion process of the cell.
It is involved in the initial cell survival phase
and regeneration phase. Autophagy is benefi-
cial for the body repair after injury. To date,
three major types of autophagy were identified:
macroautophagy,

microautophagy and chaperone-mediated au-
tophagy (CMA) [10]. Autophagy process in-
cludes five parts [11]: (1) the initiation of a dou-
ble-membrane structure, which is also called
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Figure 1. Signaling pathways for autophagy in our review.
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phagophore, (2) the expansion of the phago-
phore, (3) the maturation of this structure into
the autophagosome, (4) the fusion of autopha-
gosomes with lysosomes, resulting in autolyso-
somes, and, finally, (5) the degradation of the
ingested biological materials. In a word, autoph-
agy is a process that removes some substanc-
es, which is important for keeping the homeo-
stasis of the body. In another word, uncontrolled
autophagy may damage the homeostasis.

Autophagy signaling pathways

In the past, a number of studies have been per-
formed to investigate the signaling pathways of
autophagy. These investigations indicated that
many genes could regulate autophagy expres-
sion and autophagy could regulate a number of
genes expression. In addition, the possible
interaction of autophagy with other proteins
may affect the role of autophagy in kidney. We
presented the signaling pathways for autopha-

gy (Figure 1).

Int J Clin Exp Med 2015;8(12):22022-22029



Autophagy in CKD

Autophagy is essential for the cell death and
injury. For example, the PRKAA1/ AMPKal
pathway triggers autophagy during CSF1-
induced human monocyte differentiation and is
a potential target in CMML [12]. Resveratrol
regulates redox signaling and autophagy during
cardiovascular diseases [13]. Levosimendan
protects hepatocytes against oxidative injuries
by autophagic-dependent inhibition of apopto-
sis and the activation of survival signaling [14].
FoxO transcriptional network regulates autoph-
agy and the ubiquitin-proteasome system dur-
ing muscle atrophy [15]. Morphine facilitates
LPS-induced autophagy, and inhibits autopha-
golysosomal fusion leading to decreased bac-
terial clearance and increased bacterial load
[16]. MiR-638 promotes melanoma metastasis
and protects melanoma cells from apoptosis
and autophagy [17]. NADPH oxidase 4 (Nox4)
promotes the activation of autophagy and sur-
vival in cardiomyocytes in response to nutrient
deprivation and ischemia through activation of
the PERK (protein kinase RNA-like endoplasmic
reticulum kinase) signaling pathway [18].
Hesperidin induces apoptosis and triggers
autophagic markers [19]. DMH1 inhibited cel-
lular autophagy responses in a range of cell
types [20]. Antiapoptotic Bcl-2 family members
affect autophagy through inhibition of Bax and
Bak [21]. Nitric oxide and sphingolipids control
apoptosis and autophagy with a significant
impact on Alzheimer’'s disease [22]. Hypoxia
inducible factor 1a (HIF-1x) contributes to regu-
lation of autophagy in retinal detachment [23].
Ethambutol induces impaired autophagic flux
and apoptosis in the retina [24]. Src/STAT3-
dependent heme oxygenase-1 induction medi-
ates chemoresistance of breast cancer cells to
doxorubicin by promoting autophagy [25].
Methylglyoxal enhances autophagy flux and
suppresses proliferation of human retinal pig-
ment epithelial ARPE-19 cells [26]. Amino acid
metabolism inhibits antibody-driven kidney
injury by inducing autophagy [27]. Autophagy
delays apoptotic death in breast cancer cells
following DNA damage [28]. Insulin-like growth
factor-1 and TNF-alpha regulate autophagy
through c-jun N-terminal kinase and Akt path-
ways in human atherosclerotic vascular smooth
cells [29]. Inositol and IP3 levels regulate
autophagy [30]. Autophagy is induced in CD4+
T cells and important for the growth factor-with-
drawal cell death [31]. Fasting activates macro-
autophagy in neurons of Alzheimer’s disease
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mouse model [32]. Telomere 3’ overhang-spe-
cific DNA oligonucleotides induce autophagy in
malignant glioma cells [33]. Inhibition of plate-
derived growth factor (PDGF) signaling induces
autophagy in malignant glioma cells [34].
Presenilin 1 mediates the turnover of telen-
cephalin in hippocampal neurons via an
autophagic degradative pathway [35]. Pro-
grammed autophagy in the drosophila fat body
is induced by ecdysone through regulation of
the PI3K pathway [36]. Autophagy suppresses
tumor progression by limiting chromosomal
instability [37]. Nrf2 induces cisplatin resis-
tance through activation of autophagy in ovari-
an carcinoma [38]. Inhibition of autophagy
enhances the cytotoxic effect of PA-MSHA in
breast cancer [39]. Advanced glycation end-
products trigger autophagy in cardiomyocyte
via RAGE/PIBK/AKT/mTOR pathway [40].
Celecoxib regulates apoptosis and autophagy
via the PI3K/Akt signaling pathway in SGC-
7901 gastric cancer cells [41]. Resveratrol trig-
gers protective autophagy through the
ceramide/Akt/mTOR pathway in melanoma
B16 cells [42]. Survivin-2B promotes autopha-
gy by accumulating IKK alpha in the nucleus of
selenite-treated NB4 cells [43]. Remote isch-
emic preconditioning protects against liver
ischemia-reperfusion injury via heme oxy-
gemase-1-induced autophagy [44]. Sphingosyl-
phosphorylcholine protects cardiomyocytes
against ischemic apoptosis via lipid raft/PTEN/
Aktl/mTOR mediated autophagy [45]. Era
downregulation plays a key role in slibinin-
induced autophagy and apoptosis in human
breast cancer MCF-7 cells [46]. Nedd4 E3 ubig-
uitin ligase promotes cell proliferation and
autophagy [47]. HMGB1- mediated autophagy
modulates sensitivity of colorectal cancer cells
to oxaliplatin via MEK/ERK signaling pathway
[48]. Neuropeptide Y stimulates autophagy in
hypothalamic neurons [49]. Autophagy is upreg-
ulated in ovarian endometriosis [50]. Leucine
limitation induces autophagy and activation of
lysosome-dependent proteolysis in C2C12
myotubes [51]. Bergapten drives autophagy
through the upregulation of PTEN expression in
breast cancer cells [52]. Tumor necrosis factor
(TNF) induced autophagy and mitochondrial
morphological abnormalities are mediated by
TNFR-I and/or TNFR-II and do not invariably
lead to cell death [53]. Autophagy is a protec-
tive response to Bnip3-mediated apoptotic sig-
naling in the heart [54]. PSMD10/Gankyrin
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Figure 2. The potential protective role of autophagy against CKD.

induces autophagy to promote tumor progres-
sion through cytoplasmic interaction with ATG7
and nuclear transactivation of ATG7 expression
[55]. Autophagy and mTORC1 regulate the sto-
chastic phase of somatic cell reprogramming
[56]. Autophagy abrogation was efficacious in
boosting cell death and ecto-CRT/ecto-HSP9O
in PLX4032-resistant cells upon blockage of
MEK hyper-activation by U0126 [57]. PKC delta
and tissue transglutaminase are inhibitors of
autophagy in pancreatic cancer cells [58].
Second, autophagy also plays a key role in
inflammation. For instance, ALDH2 plays a ben-
eficial role in ameliorating chronic alcohol
intake-induced hepatic steatosis and inflam-
mation through regulation of autophagy [59].
Autophagy in pulmonary macrophages medi-
ates lung inflammatory injury via NLRP3 inflam-
masome activation during mechanical ventila-
tion [60]. Autophagy attenuates the catabolic
effect during inflammatory conditions in nucle-
us pulposus cells as sustained by NF-kB and
JNK inhibition [61]. Upregulation of autophagy
decreases chlorine-induced mitochondrial inju-
ry and lung inflammation [62]. Cartilage-specific
deletion of mTOR upregulates autophagy and
protects mice from osteoarthritis [63]. Finally,
autophagy is also closely associated with the
metabolic index, which is related to the kidney
injury and repair. Autophagy also attenuated ER
stress- and c-Jun N-terminal kinase/inhibitory-
KB kinase-associated impairment in insulin sig-
naling transduction target of rapamycin-inde-
pendent manner [64]. Autocrine VEGF main-
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tains endothelial survival th-
rough regulation of meta-
bolism and autophagy [65].
A REDDZ1/TXNIP pro-oxidant
complex regulates ATG4B ac-
tivity to control stress-induced
autophagy and sustain exer-
cise capacity [66]. Autophagy
mediated the clearance of
huntingtin aggregates trig-
gered by the insulin-signaling
pathway [67]. Sera from pa-
tients with type 2 diabetes
and neuropathy induces au-
tophagy and colocalization
with mitochondria in SY5Y
cells [68]. Reactive oxygen
species (ROS) regulate au-
tophagy through redox-sensi-
tive proteases [69]. Modu-
lation of mitochondrial function and autophagy
mediates carnosine neuroprotection against
ischemic brain damage [70]. The PPARy agonist
troglitazone induces autophagy, apoptosis and
necroptosis in bladder cancer cells [71].

Regulating
metabolic
indexes

In a word, apart from the regulation of cell
death, autophagy plays a role against inflam-
mation. Autophagy is also a metabolic regula-
tor. Hence, autophagy might play a role against
the development or progression of renal di-
seases.

Autophagy and CKD

Kidneys are important for healthy living, kid-
neys regulates the body fluids and blood pres-
sure, waste products excretion and the produc-
tion of red blood cells [72]. Human kidneys
receive nearly 25% of cardiac output and con-
sume 7% of daily energy expenditure [73]. CKD
is characterized by a glomerular filtration rate
below 60 mLper minute for over 3 months [74].
The incidence of CKD is increasing and a num-
ber of CKD patients progress to ESRD. CKD
leads to significant morbidity and mortality.

Autophagy is associated with chronic organ
dysfunction [75]. CKD patients have altered
autophagy function. Oxidative stress and reac-
tive oxygen species (ROS) are important regula-
tors of autophagy. Autophagy may be an adap-
tive process in CKD. It may also play a protective
role against CKD progression. Several facts
may account for the role of autophagy in CKD.

Int J Clin Exp Med 2015;8(12):22022-22029
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First, autophagy is very essential for keeping
the body homeostasis, autophagy removed the
excessive long-lived proteins, which is toxic for
the body. A lot of substances aggregate at the
stage of CKD. Second, autophagy also plays a
role against inflammation. It is well-document-
ed that inflammation is closely associated with
the CKD progression [76]. Autophagy may play
a protective role against CKD progression
through anti-inflammation. Finally, autophagy
can regulate a number of metabolic indexes,
which are closely associated with the renal
injury.

In a word, autophagy may play a protective role
against the CKD risk and progression. Here, we
presented the potential protective mechanism
of autophagy in CKD (Figure 2).

Conclusion and future directions

In conclusion, autophagy may confer protection
against CKD progression. Autophagy activation
in CKD may provide new insight to the therapy
of CKD. The precise protective mechanism of
autophagy against CKD need to be further clari-
fied, particularly the molecules along the sig-
naling pathways of autophagy.

Future generation of autophagy-/- mice will
advance the understanding of the role of
autophagy in the development and progression
of CKD and reveal the potential functions of
autophagy.
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