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ABSTRACT

Inflammation plays a pivotal role in pathophysiological processes of kidney diseases. Macroautophagy/
autophagy plays multiple roles in inflammatory responses, and the regulation of inflammation by
autophagy has great potential as a treatment for damaged kidneys. A growing body of evidence
suggests autophagy protects kidney from versatile kidney inflammatory insults, including those that
are acute, chronic, metabolic, and aging-related. It is noteworthy that, in kidney, mitophagy is active,
and damaged lysosomes are removed by autophagy. In this mode, autophagy suppresses
inflammation to protect the kidney. Systemic inflammation also affects the kidney via pro-
inflammatory cytokines and infiltration of inflammatory cells, and autophagy also has a regulatory role
in systemic inflammation. This review focuses on the roles of autophagy in kidney diseases and aging
through inflammation, and discusses the potential usage of autophagy as an inflammatory modulator

for the treatment of kidney diseases.

Introduction

The kidney is one of the most complicated organs in the body,
physiologically, structurally, and metabolically. Currently, most
kidney diseases are incurable, and the number of patients with
kidney diseases is increasing and accounts for a significant por-
tion of medical expenses in developed countries. One of the keys
for the development of kidney therapy is the regulation of inflam-
mation, since inflammation is the basis of most kidney diseases."

Autophagy is an intracellular degradation system for cellular
homeostasis.” Autophagy plays key roles in several diseases,
including kidney diseases.” This disease-related role of auto-
phagy is at least partially derived from autophagic regulation of
immune systems; autophagy has multiple roles in immune
responses, ranging from the innate immune response to the
acquired immune response, and going as far as direct pathogen
restriction.* Autophagy has been considered as a bulk degrada-
tion system as seen under starvation conditions to meet the
energy needs of the cell,’ but autophagy can also recognize spe-
cific targets selectively.” Recently, the importance of selective
autophagy has been highlighted in disease processes,” because
the targets of selective autophagy include key organelles that are
involved in diseases, such as mitochondria (where the process is
termed “mitophagy”)” and lysosomes (termed “lysophagy”).®

A growing number of studies have revealed the role of
autophagy in kidney diseases® '” and aging'"'*'**° through
genetic modifications of autophagy-related genes. The rela-
tively clear phenotypes of kidney-specific autophagy-
deficient mice have fascinated researchers in the kidney
field, leading them to explore the potential benefits of auto-
phagy modulations for incurable kidney diseases. The fact
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that mitophagy, a key regulator of inflammation,”' is active
in kidney** will also promote this trend. Multiple immune
functions of autophagy”™'® are suggested to play key roles
in kidney diseases (Fig. 1).

Basic information of kidney and inflammation

Before moving to the role of autophagy in kidney inflamma-
tion, we provide basic information about the kidney and
inflammation for readers who are unfamiliar with this organ.
The kidney maintains whole body homeostasis and comprises
the functional unit called the nephron (i.e., a glomerulus plus a
subset of tubules). Nephrons eliminate body wastes by glomer-
ular filtration through its 3-layered structure of the capillary
(small blood vessels) wall: the fenestrated endothelial cells,
basement membrane, and foot processes of podocytes. Kidney
tubules maintain volume and content (e.g., ions, glucose, amino
acids, etc.) of body fluids through reabsorption.

Chronic kidney disease (CKD), a condition with reduced
kidney function—referred to as glomerular filtration ratio
(GFR)—is a global health problem with a prevalence of 5-10%
of the world population.”> Progression of CKD increases mor-
tality, as well as results in end-stage kidney disease (ESKD)
necessitating kidney replacement therapy (dialysis or trans-
plantation). Treatment for CKD, especially ESKD, is cost-pro-
hibitive, and accounts for a significant portion of medical
expenses in developed countries. These critical rationales
strongly motivate researchers in kidney fields, but most kidney
diseases are currently incurable.

Inflammation is a key pathology in kidney diseases.'
A number of acute or chronic insults, such as ischemia, drugs,
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Figure 1. Autophagy and kidney inflammation. Autophagy suppresses excessive inflammatory responses, such as inflammasome activation and type | interferon
responses, through the clearance of damage-associated molecular patterns (DAMPs) and damaged mitochondria (mitophagy). Autophagy of damaged lysosomes (lysoph-
agy) also prevents activation of inflammatory responses. Excessive inflammatory responses are the fundamental basis for most kidney diseases, including acute kidney
injury, chronic kidney disease, diabetic nephropathy, and the aging process, as well as systemic inflammation-associated kidney injury, which is often seen in sepsis
patients. Thus, autophagy protects kidney from these insults via suppression of inflammatory responses. IRF3, interferon regulatory factor 3.

toxins, metabolism, as well as inflammation in itself, injure kid-
ney tubules. Injuries of the tubules, in turn, provoke inflamma-
tory responses and result in kidney fibrosis. Aging kidney also
manifest chronic inflammation of the tubular lesions. The
extent of damage to the kidney tubules and subsequent fibrosis
due to inflammation is strongly associated with reduced GFR
in kidneys.24 Moreover, chronic inflammation is prevalent in
patients with CKD, potentially due to chronic infection, or for
unknown reasons. Chronic inflammation worsens kidney ane-
mia and kidney function, and provokes malnutrition.*”
Glomerular inflammation, called glomerulonephritis, causes
proteinuria and worsening of GFR due to nephron loss.
Glomerulonephritis often accompanies deposits of immune
complexes and damage to the glomerular capillaries.

Autophagy and kidney tubular inflammation

The role of autophagy in tubules, the key determinant of kidney
prognosis,”* has mainly been demonstrated in proximal
tubules, because injuries of tubules mainly occur in their proxi-
mal part. Proximal tubules consume a large amount of oxygen
and energy for electrolyte reabsorption.”® Kidney tubules also
harbor abundant lysosomes and perform endocytosis actively.”’
For these reasons, proximal tubules are rich in intracellular
organelles such as mitochondria and lysosomes.

In response to acute pathological stimuli, such as ischemia/
reperfusion injury and toxic side effects of drugs such as

cisplatin and cyclosporine A, and urinary tract obstruction,
autophagy is quickly upregulated in kidney tubules, as assessed
by the number of MAP1LC3B/LC3B puncta of GFP-LC3 trans-
genic mice.">”"*'7?® Functionally, autophagy largely plays pro-
tective roles; autophagy protects the kidney from tubular
damage and its consequent fibrosis.”'® The majority of kidney
diseases are driven by sterile inflammation,’ and autophagy
plays a role in the regulation of endogenous proteins and
organelles as discussed below.

1. Mitochondria

Autophagy, be it general or selective (mitophagy), targets
damaged and depolarized mitochondria and regulates mito-
chondrial quality control. Kidney tubules are rich in mitochon-
dria, and reactive oxygen species (ROS) produced in
mitochondria trigger an inflammatory response,*” leading to
pathogenesis in kidney disease. Acute insults such as ischemia/
reperfusion injury and toxic drugs induce autophagy to prevent
cell death.">"™>' In response to these stimuli, autophagy-defi-
cient kidney cells accumulate abnormal mitochondria.'*”'*!”
This is well-characterized in a cisplatin-induced kidney injury
model in vitro."? Cisplatin, a frequently-used chemotherapeutic
drug, induces mitochondrial damage and promotes production
of ROS. Autophagy protects kidney tubules from cisplatin
through the removal of ROS-producing mitochondria."> In
addition to the removal of the ROS-producing acutely damaged
mitochondria, autophagy also controls the quality of mitochon-
dria. Lack of quality control of mitochondria in aging



autophagy-deficient mice worsens mitochondrial function,®® a
characteristic of the aging process.™

From the metabolic standpoint, mitochondria are the
main intracellular energy source through oxidative phos-
phorylation. The worsening mitochondrial function in auto-
phagy-deficient kidney affects intracellular metabolism.*'”
Reduced mitochondrial respiratory chain activity due to
depolarization seen in autophagy-deficient kidney affects
the kidney’s adaptation to metabolic acidosis,'® a common
pathological condition seen in patients with kidney diseases.
Failure to cope with metabolic acidosis has been implicated
as a pathogenesis of systemic inflammation seen in chronic
kidney disease and malnutrition.? Nowadays, the link
between intracellular metabolism and immune systems
(immunometabolism) has been emphasized.”’ Regulation of
mitochondrial metabolism by autophagy may play immuno-
metabolic roles in kidney diseases.

A transgenic mouse with a pH-sensitive fluorescent
mitochondrial signal is just established recently for in vivo
monitoring of mitophagy.””> The analyses of this mouse,
called mito-QC, revealed that the kidney is one of the
most active tissues of mitophagy. In the kidney, mitophagy
mainly occurs in proximal tubules. This fact strongly sug-
gests the critical role of mitophagy in proximal tubules
and thus confirms the protective role of autophagy in
these regions.'*™'*!”

2. Lysosomes

Lysosomal rupture strongly activates inflammation. Crystals
such as monosodium urate damage lysosomal membranes.
Lysosomal rupture, in turn, activates the inflammasome, which
induces the secretion of pro-inflammatory cytokines such as
IL1B/interleukin-1p, leading to further enhancement of inflam-
mation.”” Leakage of lysosomal enzymes into the cytosol pro-
vokes apoptotic or necrotic cell death or reduced capacity of
lysosomal catabolism.

In kidney, hyperuricemia, both acute and chronic, causes
lysosomal rupture. Upon chemotherapy, dying hematopoi-
etic malignant cells release a huge amount of uric acid pro-
duced through increased purine catabolism. As a result, uric
acid becomes oversaturated acutely in the urine, leading to
the formation of urate crystals in the kidney.*” Although
the affected lesions remain to be elucidated, crystal deposits
in proximal tubules are supposed to induce hyperuricemia-
induced kidney injury for 2 reasons; (i) proximal tubules
have robust urate transporters and (ii) urate crystals can
precipitate on the cell surface of kidney epithelial cells.’**
Chronic hyperuricemia due to gout can also induce kidney
inflammation and disease (gout nephropathy) via precipita-
tion of urate crystals. These urinary crystals are endocytosed
and delivered to lysosomes, where rupture happens while
inducing inflammation.

Autophagy in kidney also protects against lysosomal rup-
ture-induced inflammatory injuries.>>> Genetic ablation of
Atg5 worsens kidney function in a mouse model of acute
hyperuricemic kidney injury. Mechanistically, autophagy
engulfs damaged lysosomes and sequesters them from the cyto-
sol to prevent cellular injury. Through this process, autophagy
also restores lysosomal functions (lysosomal pH and degrada-
tion capacity) and biogenesis.
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3. Damage-associated molecular patterns (DAMPs)

DAMPs encompass a range of cellular components, both
nuclear (such as histones, DNA/RNA, and HMGBI1) and cyto-
solic (mitochondrial DNA, ATP and glycoproteins) ones.
DAMPs activate innate immune responses including the
inflammasome and type I interferon responses, which in turn
trigger macrophages and leukocytes to infiltrate into the kidney
interstitium (the extravascular intertubular spaces of the
kidney) to promote inflammation.

Autophagy also suppresses the release of DAMPs.’
Endogenous DAMPs are well-known targets for autophagic
degradation. The release of mitochondria DNA, which strongly
induces inflammasome activation, is suppressed by auto-
phagy.”® Thus, autophagy suppresses inflammation through
suppression of DAMPs release by cellular protection and
DAMPs degradation. Although it is not examined in depth in
the kidney, autophagic control of intracellular protein quality
should reduce or prevent releasing DAMPs from this organ.

Additionally, autophagy has a secretory role for DAMPs.’
One of the best-characterized DAMPs secreted by autophagy is
IL1B. Whereas basal autophagy suppresses IL1B secretion
through clearance of DAMPs such as damaged mitochondria
that generate ROS,”>***” autophagy promotes IL1B secretion
once the inflammasome is activated.’®* Although the signifi-
cance is yet to be proven in the kidney, autophagy secretion
may play pro-inflammatory roles in kidney disease formation.

In summary, autophagy largely suppresses kidney tubular
inflammation through the removal of damaged and malfunc-
tioning mitochondria. Mitophagy is active in kidney tubules to
suppress inflammation and subsequent worsening of kidney
function. Quality control of mitochondria may also have an
immunomodulatory role in kidney via metabolism. Removal of
damaged lysosomes also has immunomodulatory effects, and
may suppress DAMPs release.”

Autophagy and kidney glomerular inflammation

Inflammation plays a key role in the pathogenesis of glomeru-
lonephritis as mentioned above, but the roles of autophagic reg-
ulation of inflammation in glomerular diseases are still unclear.

In glomeruli, the role of autophagy was demonstrated in
podocytes and endothelial cells. Podocytes are terminally dif-
ferentiated cells, and are considered to be poorly regenerative.
Thus, essential roles of autophagy in maintenance of podocytes
have been expected. GFP-LC3-expressing transgenic mice
show a high number of LC3 dots in podocytes.** Although
GFP-LC3 dots may suggest high basal autophagic activity,
podocyte-specific Atg5-deficient mice show a mild phenotype
of glomerular injury: late onset of slight proteinuria (8-12 mo)
and mild glomerulosclerosis (24 mo). The discrepancy between
the at-a-glance high activity of autophagy in GFP-LC3 mice
and the slow appearance of a phenotype in knockout mice
remains to be resolved.*' The study with mito-QC shows
mitophagy is active in embryonic glomeruli, but not in adult
ones.”” This fact may illuminate a critical role of mitophagy in
glomerular development, but not in the maintenance of adult
glomeruli.

Interestingly, podocyte-specific deficiency of Pik3c3/Vps34,
the class III phosphatidylinositol 3-kinase for initiation of
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autophagy, leads to severe forms of proteinuria and earlier
onset of glomerular sclerosis and death (9 wk).*>** This pheno-
type is unlike the ones seen in autophagy-deficient mice or in
liver- and heart-specific Pik3c3/Vsp34-deficient mice,** the lat-
ter of which (milder and later-onset of organ dysfunction) are
suggested to be due to the blockade of autophagy. Rather, this
kidney phenotype is attributed to the disruption of the endoso-
mal pathway.*”> The reason for the different phenotypes in tis-
sue-specific  Pik3c3/Vps34-deficient mice, autophagic vs
nonautophagic ones, awaits to be elucidated.'*>*>*

In summary, autophagy largely plays a protective role in
glomeruli, but unique features of podocytes (i.e., terminal
differentiation and active endocytosis) may complicate our
understanding of phenotypes seen in mice with genetic
ablations of autophagy-related genes. Additionally, the activity
status and significance of autophagy in glomerular inflamma-
tion still needs to be proven. Inactive mitophagy in adult
glomeruli*® may indicate less contribution of mitochondria in
glomerular inflammation.

Autophagy, diabetic nephropathy and inflammation

Diabetic nephropathy is one of the major complications of dia-
betes and diabetic nephropathy is the leading cause of end-
stage kidney disease in industrialized countries. The main
pathologies of diabetic nephropathy are microvascular injury
and loss of podocytes in the glomerulus.*” Inflammation is a
worsening factor for the progression of diabetes nephritis." Dia-
betes is associated with increased intracellular ROS,*? an activa-
tor of the inflammasome.”” Advanced glycation end products
(AGEs), irreversibly-glycated proteins generated under hyper-
glycemia, are endocytosed by kidney proximal tubules for lyso-
somal degradation to suppress AGEs-induced inflammation;
either overproduction of AGEs or impairment of degradation
of AGEs activate inflammation and thus promote diabetic
nephropathy.*® Along with the notion that IL1B, the product of
inflammasome activation, pivotally worsens glucose toler-
ance,”” inflammasome activation is recognized as a key patho-
physiology of diabetic nephropathy.

Some evidence has shown that deficiency of autophagy wor-
sens diabetic nephropathy in rodent models. For example,
endothelial-specific autophagy-deficiency worsens the diabetic
phenotype of a streptozotocin-induced diabetes model (type I
diabetes model); severe microalbuminuria, endothelial lesions
and damage in podocytes are seen in streptozotocin-induced
autophagy-deficient mice."” High-fat diet challenge, which
induces hyperglycemia with proteinuria, damages podocytes in
podocyte-specific autophagy-deficient mice.*” Autophagy also
contributes to the degradation of AGEs,***’ and thus sup-
presses inflammation in kidney.*®

Though these phenotypes are intriguing, the overall activity
of autophagy, either activated or inactivated, in diabetic
nephropathy is still controversial.” Hyperinsulinemia due to
hyperglycemia may suppress autophagic activity through
MTOR activation.” This suppressive function of insulin seems
to have a tissue-specificity; i.e., insulin suppresses autophagy in
muscles whereas amino acids suppress autophagy in liver.”
Conversely, autophagy is also suggested to be induced under
hyperglycemia due to the production of ROS or direct

cytotoxicity of hyperglycemia.”’ Whether over-nutrition status
and hyperinsulinemia could suppress autophagy in kidney
needs to be determined.

What further modifies the autophagic activity under diabetic
condition is the presence of diabetic byproducts and resulting
complications. AGEs suppress autophagic/lysosomal degrada-
tion activity.*** Similar phenomena were reported under
hyperlipidemia (high-fat diet challenge),">* a common meta-
bolic complication seen in diabetes. Mechanistically, AGEs are
suggested to impair lysosomal membrane permeability and
function.*” Autophagy, in turn, upregulates lysosomal biogene-
sis and function via nuclear translocation of TFEB (transcrip-
tion factor EB),*® a key regulator of lysosomal biogenesis.”
Autophagy-deficient kidney tubular cells show neither TFEB
nuclear translocation nor lysosomal biogenesis upon AGEs
challenge,*® suggesting a critical role of the autophagy-TFEB
axis against AGEs. These byproducts and complications of dia-
betes may be associated with autophagic regulation of inflam-
mation of the kidney in diabetes.*®

In summary, autophagy basically plays a protective role in
diabetic nephropathy, but whether autophagy is active or inac-
tive under diabetic conditions is unclear. Inflammation is the
key factor in the pathogenesis of diabetic nephropathy, and
autophagy may play a protective role against kidney inflamma-
tion under diabetic conditions.

Autophagy, systemic inflammation and kidney injury

Autophagy also has a potential to suppress kidney damage
from chronic inflammation. Chronic inflammation, a common
condition in CKD patients, affects the kidney. Low-grade
inflammatory cytokines, such as IL1B, mediate kidney injury
though such mechanism as invasion of inflammatory cells,
hemodynamic changes, and endothelial dysfunction.”* Second-
ary amyloidosis, defined by extracellular deposition of SAA
(serum amyloid A), an acute-phase protein produced upon
chronic inflammation, affects most tissues including the kid-
ney. Additionally, chronic inflammation indirectly affects the
kidney though inflammation-related diseases, such as diabetes
and cardiovascular diseases.”>

Recently, the molecular mechanisms of how autophagy sup-
presses NLRP3 inflammasome activation started to be revealed.
One such mechanism is demonstrated in the study of MEFV/
TRIM20/Pyrin,* the risk locus for familial Mediterranean fever
(FMF).>” FMF is an autosomal recessive disease characterized
by episodes of fever with peritonitis, pleural inflammation,
arthritis, and systemic amyloidosis, leading to end-stage kidney
disease.”” These episodes seen in FMF are due to the overactiva-
tion of the NLRP3 inflammasome and its consequent produc-
tion of IL1B and SAA/amyloid A.

MEFV suppresses inflammasome activation through using
autophagy in the following way:***® MEFV is an autophagic
receptor that recognizes NLRP3. Once MEFV recognizes
NLRP3, autophagic factors such as ULK1 and BECN1/Beclin 1,
as well as mammalian Atg8 homologs, are recruited to the
MEFV protein complex and activate autophagy. The resultant
activation of autophagy mediates specific degradation of
NLRP3. The additional fact that MEFV variants with FMF-
associated mutations reduce the capacity to degrade NLRP3



through autophagy may suggest autophagic protection against
kidney inflammation and amyloidosis. This MEFV-dependent
highly specific type of selective autophagy, termed precision
autophagy,®® suppresses NLRP3 inflammasome activity and its
consequent amyloid depositions.

Acute systemic inflammation, represented by sepsis, induces
a cytokine storm and severely affects multiple tissues including
the kidney.”* Autophagy harbors the capacity to suppress sep-
sis-induced kidney injury through regulation of infection’ and
through targeting inflammasome and type I interferon
responses.”® Thus, autophagy suppresses key innate immune
responses to prevent kidney diseases. Conversely, autophagy
can also activate a type I IFN response” and promote IL1B
secretion.” Both pro- and anti-inflammatory roles of auto-
phagy prevent excessive inflammatory responses,” and proper
modifications of autophagy can suppress kidney diseases due to
systemic inflammation.

Autoimmune diseases, such as systemic lupus erythemato-
sus, affect the kidney (called lupus nephritis). Glomerular
deposition of immune-complexes is characteristically seen in
lupus nephritis. A recent study demonstrated that deficiency of
LC3-associated phagocytosis (LAP, a process to engage auto-
phagic machinery in phagocytosis) causes systemic lupus eryth-
ematosus-like phenomena, characterized by the presence of
autoantibody deposited in glomeruli, and systemic inflamma-
tion in the mouse kidney: Lyz2/LysM-driven or systemic abla-
tion of LAP-associated genes (Atg5, Atg7, Becnl, Cybb/Nox2,
and Rubcn/Rubicon) invoke anti-nuclear antibody production
in the blood and deposits of immune complexes in the kid-
ney.®® Thus, autophagy or LAP-associated proteins may regu-
late the autoimmune response.

In summary, autophagy affects systemic inflammatory
responses via regulation of the production of cytokines and
autoantibodies, or via direct restriction of pathogens. Since
systemic inflammation has direct toxic effects on the kidney,
systemic regulations of autophagy have the potentials to benefit
the kidney.

Autophagy, kidney aging, and inflammation

Chronic inflammation may also promote kidney senes-
cence.®’ Invasive macrophages and lymphocytes, seen in
aging kidneys, affect the kidney by reducing its mass mainly
through tubular fibrosis and atrophy. Mechanistically, such
factors as induction of fibrosis, increased production of
ROS, and increased apoptosis, are suggested to connect
chronic inflammation to kidney senescence and kidney inju-
ries. Indeed, chronic kidney disease is highly prevalent in
the elderly population.®!

Autophagy protects the kidney from aging-related
inflammatory stresses. Aging stress induces degeneration of
the kidney under autophagy-deficient conditions.'"'>'*** In
kidney tubules, autophagy-deficient mice show age-depen-
dent kidney injuries; manifestations of kidney injuries and
fibrosis appear starting from a few months after birth,'>'**°
and these manifestations become severe at older age (24
mo).”’ Quality control of mitochondria by autophagy seems
to play a central role in the protection of kidney from aging
stress as mentioned above.'>*° In contrast, podocyte-specific
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autophagy-deficient mice only show mild forms of glomeru-
losclerosis at the age of 24 mo,"" suggesting a more critical
role of autophagy in kidney tubules.

Future perspectives

This review implicates autophagy and inflammation as the
common pathophysiological axes in major kidney diseases.
The important roles of autophagy in kidney inflammation
are just starting to be recognized. We now know that auto-
phagy is active in kidney, and inflammation plays the key
role in disease formation of the kidney. The consistently
clear roles of autophagy against rodent kidney diseases are
now convincing kidney researchers that the manipulation of
autophagy would be a therapeutic option to combat incur-
able kidney disease. The significance of studying kidney dis-
eases is not in question; currently, most kidney diseases are
incurable, and the number of patients with kidney diseases
is increasing and occupying a significant portion of medical
expenses in developed countries.

Autophagy would surely be a key therapeutic option in
inflammatory diseases such as kidney diseases. To regulate the
kidney inflammation by autophagy, one major open question
here is how we shall modulate autophagy. Modulation of auto-
phagy, both activation and suppression, is enthusiastically pur-
sued these days; these approaches would also benefit kidney
disease patients through the modulation of inflammatory
responses by autophagy. However, general modulation of auto-
phagy might result in unwanted side effects on the kidney. For
example, modulation of autophagy in cancer therapy can
trigger worsening of kidney function.'® Rough and bulk modu-
lation of autophagy therefore may provoke unwanted side
effects in the kidney.

Another key question is what the targets of autophagy
are, and how autophagy recognizes these specific targets, in
kidney diseases. Autophagy recognizes damaged organelles
and protein aggregates in kidney disease; however, the pre-
cise trigger of autophagy is not known in kidney diseases.
Which proteins are degraded in kidney diseases by auto-
phagy are scarcely known. Mitochondria are obviously the
targets of autophagy in kidney,”” but how autophagy selec-
tively recognizes damaged or depolarized mitochondria, but
not the healthy ones, awaits determination. Receptors of
mitophagy for kidney diseases have not been identified thus
far. Specific targeting of autophagic targets would, of course,
potentiate precision medicine. In other words, precise
degradation of autophagic targets by precision autophagy®
would benefit patients.

As autophagy has dual roles (both activating and suppress-
ing) in the inflammatory response, the precise mechanistic
study of these regulatory processes would also benefit kidney
patients. One potential regulatory mechanism may be via
metabolism, since autophagy is a metabolic process.’
Modulations of autophagy may potentiate immunometabolic
regulations in kidney diseases.

In summary, autophagic regulation of inflammation plays
the key protective role in most kidney diseases. The precise role
of autophagy in kidney diseases through inflammation awaits
clarification for future therapy. Due to the complicated nature
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of kidney diseases, the number of researchers from outside the
kidney field is not big nowadays. But, for further development
of this field, we are waiting for researchers outside kidney fields
to join us.
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AGEs advanced glycation end products

CKD chronic kidney disease

DAMPs damage-associated molecular patterns
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LAP LC3-asssociated phagocytosis

ROS reactive oxygen species

SAA serum amyloid A
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