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Cisplatin is a potent chemotherapy drug used for the treatment of various types of tumors, but it has remarkable

side effects or toxicity in normal tissues. The kidney is highly vulnerable to cisplatin toxicity due to the accumulation

of cisplatin in renal tubule cells. Acute kidney injury occurs in 20–30% of patients and manifests as kidney cell

death, tissue damage, rapid loss of renal function or renal failure, and even death.
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1. Introduction

Cisplatin is a potent chemotherapy drug used for the treatment of various types of tumors , but it has remarkable

side effects or toxicity in normal tissues . The kidney is highly vulnerable to cisplatin toxicity due to the

accumulation of cisplatin in renal tubule cells . Acute kidney injury occurs in 20–30% of patients and manifests as

kidney cell death, tissue damage, rapid loss of renal function or renal failure, and even death . Following cisplatin

chemotherapy, a significant portion of cancer patients develop chronic kidney problems . Therefore, it is vital to

explore the mechanism of the nephrotoxicity of cisplatin and identify preventive or protective measures.

Autophagy is a lysosomal degradation pathway that clears dysfunctional or obsolete cytoplasmic components .

In the kidney, the basal level of autophagy plays a role in maintaining renal cell homeostasis and function under

normal physiological conditions. Autophagy is induced in response to cellular stress when the kidney is diseased or

exposed to insults or toxins, such as cisplatin. Autophagy is generally considered pivotal in promoting cell survival

and protecting against acute cisplatin nephrotoxicity . Autophagy also participates in the regulation of

maladaptive kidney repair and renal fibrosis after acute kidney injury and during the progression of chronic kidney

disease . However, little is known about the role and regulation of autophagy in the development

of chronic kidney problems after cisplatin exposure.

In cancers, the role of autophagy is Janus-faced. On the one hand, it may limit or prevent tumorigenesis, but, on

the other hand, autophagy may reduce the efficacy of cancer therapy by promoting cancer cell survival .

Autophagy induction by cisplatin is associated with the development of cisplatin resistance in many types of cancer

cells, including bladder cancer, esophageal cancer , lung cancer , ovarian cancer , and bone cancer .

Moreover, the association between the loss of autophagy genes and the decrease in other tumors’ sensitivity to

chemotherapy drugs further highlights the significance of autophagy in cancer suppression in some tumors .

Therefore, autophagy upregulation can protect the kidneys against acute cisplatin injury, but its effect on cancers is
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context-dependent. When targeting autophagy as a strategy for kidney protection, the effect on tumors must be

considered.

2. Cisplatin Nephrotoxicity

Cisplatin is efficacious for solid tumor treatment, either alone or in combination with other therapies, but it also

causes toxicity in multiple organs and tissues, especially in the kidney . Approximately 20–30% of patients

who receive cisplatin develop acute kidney injury (AKI), which is characterized by rapid loss of renal function, the

accumulation of end products of nitrogen metabolism, and the disturbance of water and electrolytes . The long-

term effects of cisplatin on the kidney are not entirely understood. Brillet et al.  and Latcha et al.  reported that

cisplatin might lead to a subclinical but persistent low glomerular filtration rate. Therefore, a thorough

understanding of AKI and CKD induced by cisplatin is necessary for clinical treatment.

Cisplatin nephrotoxicity is a multifactorial process including various pathophysiological events, such as

microvascular disorders, tubular injury, tubular cell death, and inflammatory response. Among them, tubular cell

injury and death is a critical pathological feature . In experimental models of AKI, the proximal tubule,

especially the S3 segment, is highly sensitive and most vulnerable to damage . The renal tubule damages

caused by cisplatin are often manifested as tubule dilation, cast formation, and tubular cell apoptosis and necrosis

.

Many studies have focused on the cellular and molecular mechanisms of tubular damage, especially proximal

tubular injury. Renal tubular cells mainly uptake cisplatin through organic cation transporters 2 (OCT2)  and

copper transporter 1 (CTR1) . After entry into the cell, cisplatin may undergo a series of bio-activation processes

to generate various toxic metabolites, which are catalyzed by γ-glutamyl transpeptidase (GGT) and cysteine-S-

conjugate β-lyase . Then, it may bind to DNA, leading to inter- and intrastrand cross-links , causing DNA

damage and DNA-damage response , resulting in cell cycle arrest and cell death . Multiple signaling

pathways are activated upon cisplatin exposure, such as mitogen-activated protein kinases (MAPKs)  and the

p53-DNA damage response pathway , leading to apoptosis, necroptosis , and ferroptosis . Cisplatin

also evokes oxidative stress  , ER stress , mitochondrial dysfunction .

Currently, a common regimen of cisplatin treatment is weekly administration of relatively low doses of cisplatin for

several cycles. While this regimen reduces the side effects of cisplatin, a significant portion of patients still develop

acute kidney injury, and some progress into chronic kidney disease. Repeated low-dose cisplatin (RLDC) treatment

models were established to study chronic kidney problems after cisplatin treatment.

3. Autophagy in Cisplatin-Induced AKI

ER stress is induced along with autophagy after both cisplatin exposure  and ischemia-reperfusion (IR) injury

. Whether autophagy induction is related to ER stress was confirmed by pharmacological approaches. For

example, inhibitors of ER stress suppressed cyclosporine-induced autophagy  and activators of ER stress
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notably increased autophagy in renal proximal tubular cells . Our recent study has further demonstrated a

reciprocal regulation between ER stress and autophagy in renal tubular cells. Specifically, ER stress induces

autophagy leading to fibrotic changes in renal tubular cells, whereas autophagy, upon activation, reduces ER

stress in these cells providing a negative feedback mechanism. ER stress might affect the induction of autophagy

via regulating calcium release, REDD1/mTOR, and AKT/mTOR pathways. Moreover, the autophagy machinery

components are tightly regulated by unfolded protein response (UPR) . Gozuacik et al.  showed that death-

associated protein kinase1 (DAPK1) was induced by ER stress and regulated autophagy via the phosphorylation of

Beclin 1, and autophagy was inhibited in Dapk- null cells in tunicamycin-induced kidney injury. Conceivably,

moderate ER stress activates cytoprotective mechanisms such as UPR and autophagy, whereas severe ER stress

leads to irreversible cell damage and cell death. Delineating the molecular basis of this shift may lead to new

strategies for reducing nephrotoxicity in cisplatin chemotherapy.

It is well recognized that nutrient or energy deprivation is a core reason for the induction of autophagy, which is

mainly mediated by mTOR, AMPK, and nicotinamide adenine dinucleotide (NAD+) metabolism.

mTORC1 suppresses autophagy by phosphorylating ULK1 and ATG13 to inhibit the ULK1–ULK2 complex

formation and autophagy initiation. Several notable autophagy regulators may work by modulating mTOR complex

1 (mTORC1). AMPK may phosphorylate ULK1 to induce autophagy directly or phosphorylate mTORC1 to induce

autophagy indirectly. Growth factors regulate mTORC1 activity mainly by activating two classical pathways of

mTORC1, PI3K/AKT/mTORC1, and Ras/Raf/MEK/ERK/mTORC1 signaling pathways . In cisplatin AKI, several

factors may regulate autophagy through mTORC1. For example, p53 may activate autophagy through the inhibition

of mTORC1 by AMPK  or miR-199a-3p , while activation of protein kinase Cδ (PKCδ) in cisplatin AKI inhibits

autophagy through the AKT/mTORC1/ULK1 pathway . Cisplatin-induced NQO1 may inhibit autophagy through

activation of the AMPK/TSC2/ mTORC1 signaling pathway . In addition, histone deacetylase (HDAC) inhibitors

were shown to protect against cisplatin-induced kidney tubular cell injury . More recent work showed that HDAC

inhibitors may protect kidney tubular cells by enhancing autophagy at least partially by suppressing mTORC1 .

Well-known inhibitors of mTORC1, rapamycin, and everolimus both affect the cisplatin kidney injury and repair.

Together, these studies indicate a role of mTORC1 and related signaling in the regulation of autophagy in cisplatin

nephrotoxicity.

In addition to the energy signaling pathway, other pathways also contribute to the regulation of autophagy. For

example, active mitogen-activated protein kinase 8 (MAPK8; also known as JNK1)  and death-associated

protein kinases (DAP kinases)  can activate Beclin 1 to promote autophagy. Some epigenetic mechanisms,

kinases, and transcriptional factors are also involved in the regulation of the elongation and fusion stages of

autophagy. For example, eukaryotic translation initiation factor 2 subunit-α (eIF2α)  and NF-κB kinase inhibitor

(IKK)  can induce autophagy by regulating some ATG genes. Transcription factor EB (encoded by TFEB)  and

nuclear export of zinc-finger protein with KRAB and SCAN domains 3 (encoded byZKSCAN3)  regulate

autophagy by transcriptional regulation of autophagy/lysosomes genes. In cisplatin-induced AKI, activation of

TFEB-mediated autophagy and attenuation of mitochondrial dysfunction by trehalose might depend on the

inhibition of Akt .
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4. Strategies Targeting Autophagy in Cisplatin
Nephrotoxicity during Chemotherapy

Given the critical role of autophagy in cisplatin-induced kidney disease, the pharmacological intervention of

autophagy should be a meaningful strategy for the prevention and treatment of kidney diseases during cisplatin

chemotherapy. In tumors, autophagy has long been considered a double-edged sword in tumorigenesis and cancer

therapy. In the kidney, autophagy is protective during acute cisplatin nephrotoxicity, but the role of autophagy in

chronic kidney problems following cisplatin chemotherapy is unclear. Any strategies targeting autophagy in cisplatin

chemotherapy must be taken into consideration of the effects in both tumors and normal tissues, especially the

kidneys ( Figure 1 ).

Besides the above, autophagy activation in some tumors helps the recognition of cancer cells by the immune

system to facilitate the anti-tumor immune surveillance and promote autophagic cell death through various

pathways of cell death, including apoptosis, necrosis, and necroptosis . These effects imply that autophagy

might be helpful for cancer prevention and treatment through reducing chromosome instability, increasing immune

surveillance, and promoting cell death ( Figure 1 ).

Figure 1.  Autophagy in cisplatin-induced nephrotoxicity during cancer therapy. In kidneys, autophagy protects

tubular cells against acute kidney injury induced by cisplatin. Autophagy may also affect the development of CKD

through its regulation of tubular atrophy, interstitial fibrosis, etc. In cancers, autophagy may suppress

tumorigenesis, but it increases the resistance of cancer cells to cisplatin chemotherapy.

Before tumorigenesis, autophagy defects result in poor elimination of oncogenic proteins, toxic aggregates, and

damaged organelles, leading to chronic inflammation, tissue damage, genome instability, and oncogenic gene

activation . However, autophagy also supports metabolism and survival in cancer cells once the tumor has
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formed . In this case, autophagy protects cancer cells and increases their resistance to anticancer drugs, and

inhibition of autophagy would sensitize cancer cells to therapy and enhance the therapeutic effect of

chemotherapeutics.

From the current findings, many drugs that inhibit autophagy can decrease the resistance of tumors to cisplatin but

can cause damage to acute kidney injury. The function of autophagy in chronic kidney problems following cisplatin

treatment remains unclear, but there is evidence for the involvement of autophagy in the development of CKD after

kidney injury. In this regard, although inhibiting autophagy aggravates acute kidney injury, it may protect the

progression of chronic kidney injury. Therefore, it carefully avoids using autophagy inhibitors in patients with tumors

and acute kidney injury, but it may be a promising option for patients with chronic kidney disease. Therefore, it is

imperative to verify the role of autophagy in chronic kidney disease.
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