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Administration of the chemotherapeutic agent cisplatin leads to acute kidney injury (AKI). Cisplatin-induced AKI (CIAKI)

has a complex pathophysiological map, which has been linked to cellular uptake and efflux, apoptosis, vascular injury,

oxidative and endoplasmic reticulum stress, and inflammation. Despite research efforts, pharmaceutical interventions, and

clinical trials spanning over several decades, a consistent and stable pharmacological treatment option to reduce AKI in

patients receiving cisplatin remains unavailable. This has been predominately linked to the incomplete understanding of

CIAKI pathophysiology and molecular mechanisms involved.
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1. Introduction

1.1. Cisplatin

Cisplatin (cis-diamminedichloroplatinum II) is a platinum-containing antineoplastic drug first approved for clinical use in

1978 . It is used extensively to treat a repertoire of malignancies per se or as a tailored combination in treatment .

Cisplatin is used to treat breast , cervical , oesophageal , bladder , small cell lung , and testicular cancers .

Cisplatin is also used as a combination therapy to treat high grade cancers such as osteosarcoma  and soft-tissue

cancers including squamous cell carcinoma . Cisplatin is one of the most potent and effective chemotherapies used to

date , and its antitumor effects are well established . However, the exact mechanism of cisplatin-induced cell

death remains largely unknown. It is widely accepted that cisplatin causes 1–2 intrastrand or 1–3 interstrand crosslinks

with purine bases on the deoxyribonucleic acid (DNA) strand . This crosslinking impairs DNA repair mechanisms,

inhibiting the production of a viable DNA replication template, stimulating cell-cycle arrest leading to cell death .

Irrespective of its potent anticancer properties and efficacy, the clinical usage of cisplatin is limited due to the severity of

adverse side effects including ototoxicity and neurotoxicity  and its dose-limiting factor nephrotoxicity 

.

1.2. Nephrotoxicity

Nephrotoxicity results from a rapid decline of excretory mechanisms within the kidney , enhancing the accretion of

waste products produced by protein metabolism (including urea, nitrogen, and creatinine) . Acute kidney injury

(AKI) is commonly caused by nephrotoxic injury to kidney tissue, resulting in acute tubular necrosis . It can also result

from inadequate urinal drainage . Decreased drainage causes an increase in intratubular pressure and decreases

glomerular filtration rate (GFR). Decreased GFR can additionally be stimulated by afferent arteriole vasoconstriction .

Despite improved prognosis following the removal of diuretics to promote volume expansion and hydration, the

prevalence of cisplatin-induced AKI (CIAKI) remains high . Although cisplatin-induced nephrotoxicity can manifest in a

variety of ways, acute tubular necrosis (ATN) is the most prevalent . In the clinical setting, AKI frequently occurs despite

low-dose cisplatin administration . The uptake of cisplatin into proximal tubular epithelial cells (PTEC) is the initiator of

the toxic effects of cisplatin . To date, despite burgeoned research, there is no intervention that adequately treats or

prevents CIAKI in cancer patients . Therefore, further understanding the molecular pathways and their interactions is

essential in finding or developing a suitable pharmacological treatment to be used in conjunction with cisplatin.

1.3. Pathophysiology of Cisplatin-Induced AKI

A variety of molecular pathways and mechanisms have been investigated to determine the unknown pathological events

caused by CIAKI. The key molecular mechanisms involved in cisplatin-induced nephrotoxic adverse effects include

cellular uptake and accumulation, inflammation, oxidative stress, vascular injury, endoplasmic reticulum (ER) stress, and

necrosis and apoptosis (Figure 1). A plethora of pharmacological agents (Table 1) and genetic alterations (Table 2) have

been investigated in experimental preclinical studies of CIAKI. Despite the prevalence of nephrotoxicity in cisplatin-treated
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patients, its clinical application must be accompanied by other treatments to counteract its harmful effects while allowing it

to exert its potent anticancer properties. Cisplatin cellular uptake is the initiator of the nephrotoxic effects, with several

studies investigating the various therapeutic options that promote renoprotection (Figure 2). The purpose of this review is

to collectively present the magnitude of preclinical studies in addition to presenting the clinical studies recently completed

and currently being conducted for the treatment of CIAKI. The data from these studies illustrates the broad

pathophysiological mechanisms involved and the potential for their inter-relationships. This review sheds light on the

current failure in preclinic to clinic translatability given the lack of studies currently moving from animal models to human

clinical trials. Despite the frequent protective therapies evaluated in models of CIAKI, there is no evidence of treatment

progression with almost all therapies evaluated, posing a highly concerning issue for cisplatin patients.

Figure 1. Pathophysiological map of the key molecular pathways demonstrated to play a role in the pathogenesis of

cisplatin-induced acute kidney injury (AKI). The mechanisms associated with cisplatin-induced AKI (CIAKI) are complex,

and the relationship between the key pathways remains unknown. However, it is believed that the detrimental nephrotoxic

effect of cisplatin in renal tissue is due to platinum accumulation. Cisplatin accumulation triggers increased production of

tumor necrosis factor alpha (TNF-α)  and reactive oxygen species (ROS), stimulating inflammation , oxidative

stress , vascular injury , and apoptotic pathways . The apoptotic mechanisms then promote renal tissue damage

leading to the key clinical manifestation of nephrotoxicity (a reduction in glomerular filtration rate (GFR)) resulting in CIAKI.

Abbreviations: GSH, glutathione; CAT, catalase; SOD, superoxide dismutase; TNF-α, tumor necrosis factor alpha; ROS,

reactive oxygen species; ER stress, endoplasmic reticulum stress; and GFR, glomerular filtration rate. IL-1, Interleukin 1;

MCP-1, monocyte chemoattractant protein 1; CXCL1, C-X-C Motif Chemokine Ligand 1; KIM-1, Kidney Injury Molecule 1;

sCr, Serum Creatinine; BUN, Blood Urea Nitrogen; NGAL, Neutrophil gelatinase-associated lipocalin. Figure adapted from

“Cisplatin nephrotoxicity: mechanisms and renoprotective strategies” by N. Pabla and Z. Dong, 2008, Kidney International,

Volume 73, P994-1007, Copyright [2008] by the Elsevier.
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Figure 2. Graphical representation of key molecules and pathways involved in cisplatin transportation initiating

nephrotoxic effects. Key transporters responsible for cellular uptake of cisplatin from the blood into PTECs resulting in a

much greater platinum concentration compared to the blood. The key interventions trialed to date and their effectiveness

in targeting CIAKI are also illustrated. Diagram details the cellular processes involved in the cellular uptake 

, efflux , and metabolism of cisplatin into a highly reactive thiol (nephrotoxin)  and the treatment targeted

to prevent them.Table 1. Pharmacological interventions assessed for renoprotective effects against cisplatin-induced AKI

in vitro and in vivo, papers published in 2020.

Drug Mechanism of Action Findings In Vitro In Vivo Reference

Aucubin Anti-inflammatory

↓ Markers of oxidative
stress (HO-1 and 4-
HNE)
↓ Apoptosis (caspase-
3, caspase-9 and
PARP)

– BALB/c
mice

Curcumin
Anti-inflammatory, Antioxidative,
oxygen-free radical scavenging,
antifibrotic, and anticancer activities

↓ Tubular Injury
↓ BUN
↓ sCr (rats)

– C57BL/6J
mice/rats

Dexmedetomidine Antiapoptotic via α2AR/PI3K/AKT
pathway

↑ Body weight and
renal index
↓ Tubular epithelial cell
apoptosis
↓ Expression of GRP78,
CHOP and Caspase-12

– Sprague
Dawley Rats

Etoricoxib Anti-inflammatory

↓ Inflammation (iNOS)
↓ Apoptosis (BAX)
No changes to
creatinine, BUN, GSH,
and MDA

– Rats

Eugenol Antioxidant and anti-inflammatory
properties

↓ sCr and BUN
↓ PAS tubular injury
score
↓ cytoplasmic
vacuolization of
proximal tubular cells

– BALB/c
mice

Ferrostatin-1 Inhibits Ferroptotic cell death

↓ sCr and BUN
↓ apoptosis (TUNEL
stain)
↓ Tubular injury score
(H&E)
↓ Lipid peroxidation

– C57BL/6J
mice

Isoorientin Anti-inflammatory, antioxidant
↓ ROS generation
↓ Apoptosis
↓ Inflammation

mTECs Nrf2
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Drug Mechanism of Action Findings In Vitro In Vivo Reference

Monotropein Antioxidant, anti-inflammatory and
antiapoptotic

↓ Tubular injury
↓ markers of oxidative
stress
↓ markers of apoptosis
↓ BUN, no reduction in
sCr

– BALB/c
mice

Paricalcitol Synthetic vitamin D deficiency

↓ MDA (HK-2 cells)
↓ Cell death (HK-2
cells)
↓ sCr and BUN (WT
mouse)
↓ Tissue Injury (WT
mouse)

HK-2
cells WT mice

Quercetin Anti-inflammatory

↓ sCr and BUN
↓ mRNA expression of
IL-1β, IL-6, TNF-α
↓ reduced tubular
necrosis score
↓ activity of Syk/NF-κB

– C57BL/6J
mice

Table 2. Genetic deletion studies investigating in vivo mechanisms associated with inflammatory processes involved in

cisplatin-induced AKI pathogenesis. Key genetic deletion studies that have been targeted in both recent and hindsight

applications targeting cisplatin-induced AKI with majority focusing on inflammatory pathways.

Genetic
Deletion Mechanism of Action Results Knockout Model Reference

CXCL16 Antiapoptosis and anti-
inflammatory

↓ Apoptosis of tubular cells
↓ Caspase-3 activation
↓ inhibition of macrophage and T cell
infiltration

CXCL16  mice
C57BL/6J background
WT

CYP2e1 Antioxidant

↓ ROS
↓ BUN
↓ sCr
↑ creatinine clearance

CYP2e1  mice 129/sv
background WT

IL-6 Antioxidant

↑ 4-HNE
↓ SOD1
↓ SOD2 (no significance)
↑ ERK phosphorylation
↑ COX-2

IL-6  mice C57BL/6J
background WT

IL-33 Pro-inflammatory

↑ BUN
↑ sCr
↑ NGAL
No attenuation in ATN and tubular
apoptosis scores
↓ tumor weight, volume, and growth
↑ Cisplatin efficacy

IL-33  mice C57BL/6J
background WT

NLRP3 Unknown No change to BUN, sCr, ATN score
and tubular apoptosis score.

NLRP3  mice C57BL/6J
background WT

PARP-1 Anti-inflammatory,
antioxidant and antinitrative

↓ BUN
↓ sCr
↓ PAS tubular injury score

PARP-1  mice
C57BL/6J background
WT

T cell Pro-inflammatory

↑ cisplatin administration survival rate
↓ sCr
↓ tubular injury score
↓ TNF-α

nu/nu mice

TAK1 Antiapoptotic, Anti-
inflammatory

↓ Apoptosis of tubular cells
↓ Caspase-3 activation
↓ reduced mRNA expression of IL-6,
TNF-α, MCP-1 and MIP-2
↓ JNK phosphorylation

PT-TAK1  mice

TLR-2 Inflammatory response
↑ BUN
↑ sCr
↑ tissue injury score

TLR2 
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Genetic
Deletion Mechanism of Action Results Knockout Model Reference

TLR4 Anti-inflammatory response

↓ BUN
↓ sCr
↓ tissue injury index
↑ IL-4 and IL-10

TLR4 

TLR-9 Pro-inflammatory No significant change to either serum
urea or tubular injury score.

TLR-9 

TNF-α Potentially anti-
inflammatory

↓ BUN
↓ tubular necrosis score

TNF-α 

2. Pharmacological Approaches Targeting Cisplatin Cellular Uptake

2.1. Cellular Uptake Transporters of Cisplatin

The cellular uptake of cisplatin has been implicated in the pathogenesis of CIAKI. Organic cation transporter 2 (OCT2),

copper transporter 1 (CTR1), and the less explored volume-regulated anion channels (VRAC) are involved in cisplatin

transportation into kidney cells  by enabling platinum accumulation, which has been linked to kidney dysfunction 

(Figure 2). Kidney tissue following cisplatin treatment showed a five-fold increase in cisplatin concentration compared to

serum, indicative of PTEC accumulation . Organic cation transporter 2 is one of the transporters affiliated with cisplatin

cellular uptake.

2.2. Organic Cation Transporter 2 (OCT2)

OCT2 is expressed on the basolateral membrane of PTEC  and plays a central role in cisplatin uptake into

tubular cells . Amongst the transporters responsible for CIAKI, it has been shown that 30% of nephrotoxic effects

caused by cisplatin is directly mediated by OCT2 uptake . In in vitro studies investigating OCT2-mediated cisplatin

cellular uptake, pharmacological inhibition was noted of OCT2 by cimetidine-inhibited cisplatin-induced apoptosis. In

addition, nephrotoxicity stimulated by cisplatin transportation into renal tubular cells and subsequent platinum

accumulation could be decreased with orally administered imatinib (a tyrosine kinase inhibitor) in rats. Histological

investigations of kidney tissue confirmed that there was no evidence of severe renal damage in mice co-treated with

cisplatin and imatinib. However, tubular degeneration was observed in cisplatin-treated groups . The results of blood

analysis (plasma urea, nitrogen, creatinine, and creatinine clearance) were indicative of improved kidney function and

platinum accumulation following imatinib adjunct therapy. In OCT2-expressed HEK293 cell studies, adjunct administration

of cisplatin and imatinib showed decreased accumulation of platinum in PTECs and decreased cisplatin-induced

cytotoxicity . However, despite the renoprotective effects observed in preclinical animal models, imatinib has not

provided positive toxicology results. According to the US Food and Drugs Administration adverse reporting system, 44

imatinib-treated cases cited renal-related toxicity. Of these 44 cases, 25 manifested as AKI . As such, this may not be

an adequate clinical treatment. Potentially irreversible acute kidney injury was also observed in a nonclinical trial in

imatinib-treated chronic myeloid leukemia patients .An experimental study using OCT2-deficient mice showed

impairment of cisplatin uptake in renal cells, evident by reduced platinum accumulation . Cairimboli et al. confirmed the

importance of OCT2 in cisplatin uptake . The authors associated the overexpression in HEK293 cells with increased

cisplatin uptake causing cisplatin toxicity, because of increased cellular sensitivity . To date, many pharmacological

approaches targeting molecules responsible for cisplatin uptake or transportation into PTECs have been explored 

. A murine model of CIAKI demonstrated downregulation of OCT2 expression by formononetin inhibited the

development of AKI associated with cisplatin treatment through stimulation of renal tubular cell proliferation, survival, and

apoptosis inhibition . Despite the ameliorating effects of in vivo OCT2 inhibition in murine models of CIAKI, human

studies failed to display the same renoprotective effects. Fox and colleagues used a randomized crossover experimental

design to assess the prevention of cisplatin-induced nephrotoxicity using the OCT2 inhibitor pantoprazole, in young

patients with osteosarcoma. To assess the effects, novel biomarkers were tested to investigate glomerular and tubular

function. Measurement of serum cystatin c was used as an indirect indicator of GFR, and urinary biomarkers N-acetyl-β-

glucosaminidase (NAG), kidney injury molecule-1 (KIM-1), and neutrophil gelatinase-associated lipocalin (NGAL) were

used to quantify the degree of renal injury caused by cisplatin. The results of this study showed that concurrent

administration of cisplatin with pantoprazole provided no protection against renal injury or function in young cancer

patients . Interestingly, a more recent study showed that pantoprazole can ameliorate CIAKI in mice . Given the

contradictory results of OCT2 inhibition on CIAKI in animal-versus-human studies further research needs to be conducted.

It is important to note that OCT2 murine models were nontumor bearing, whilst the human studies were conducted in

cancer patients, which could be a contributing factor to the failed clinical study.
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2.3. Copper Transporter 1

CTR1 is located on the basolateral membrane of proximal tubules and is highly expressed in human kidneys . The

exact role of CTR1 in cellular uptake of cisplatin into renal proximal tubules resulting in nephrotoxicity is incompletely

understood. However, studies have shown that CTR1 downregulation is protective against platinum accumulation . The

knockdown of CTR1 reduces cisplatin nephrotoxicity by up to 80% in both mouse embryonic fibroblasts and yeast .

In vivo studies indicated elevated levels of CTR1 expression was associated with increased cisplatin accumulation in

tumors, a process also observed in PTEC . Pabla and colleagues investigated the relationship between cisplatin and

CTR1 expression to further define the role that CTR1 plays in nephrotoxicity. Interestingly, in mice, there were no

significant differences in CTR1 expression 1–3 days following cisplatin treatment. They also demonstrated that incubation

of HEK293 cells with copper generated both monomeric and trimeric CTR1 knockdown, resulting in approximately 50%

diminution in cisplatin accumulation and a 30% reduction in apoptosis. Furthermore, CTR1 knockdown cells incubated

with the OCT/MATE inhibitor cimetidine further inhibited both cellular uptake and apoptosis following treatment with

cisplatin . The results of this study have shown that although both CTR1 inhibition and OCT2 inhibition alone are

options to prevent nephrotoxicity, the combination of CTR1 and OCT2 inhibition together has better therapeutic potential.

Interestingly, the majority of cellular uptake research regarding cisplatin into renal cells has focused on the two major

cisplatin transporters OCT2 and CTR1. However, there have also been suggestions that there are other entry points for

cisplatin into renal cells that are yet to be explored in models of CIAKI such as VRAC channels. Reduced VRAC channel

activity is associated with cisplatin resistance , and the presence of VRAC channels in kidney cells  highlights a

potential avenue for CIAKI research. Additionally, impaired cisplatin efflux has been shown to contribute to cisplatin

accumulation and the nephrotoxic effects that follow .

2.4. OAT1/OAT3

In addition to OCT2 and CTR1, the organic anion transporter (OAT) family(OAT1 and OAT3 have also shown to transport

cisplatin and potentially a nephrotoxic metabolite into PTEC resulting in nephrotoxic injury to renal cells . OAT

transporters are largely concentrated in the basolateral membrane of PTEC and facilitate transportation of hydrophilic

anions into cells. This intake is via secondary/active transportation responsible for regulating anion balance in the body

. To investigate the influence of OAT transporters on cisplatin-induced nephrotoxicity, C57BL/6J mice with genetic

deletion of OAT1 and OAT3 were injected with 30 mg/kg cisplatin. In cisplatin-treated wildtype mice, there were increases

in biomarkers of CIAKI, in addition to histological indication of kidney damage such as tubule dilation and necrosis. There

was no evidence of kidney dysfunction in OAT1- and OAT3-deficient mice treated with cisplatin. Further studies are

needed to further understand the role of each individually and the interaction they have together on CIAKI nephrotoxicity.

A different model was used to investigate OAT-stimulated CIAKI using nilotinib. Nilotinib is a tyrosine kinase inhibitor

shown to noncompetitively inhibit OCT2 and both OAT1 and OAT3 . Nilotinib was given to OCT1/2  mice

simultaneously with cisplatin, with results indicating no loss of kidney function in the adjuvant cisplatin- and nilotinib-

treated group as confirmed by reduced BUN levels. This indicates that OAT1/inhibition by nilotinib provides some

evidence of amelioration of CIAKI; however, as the paper elucidates, further investigations in the mechanisms of

mitigation are required . A separate study investigated the effects of nilotinib in a rodent model of CIAKI. Male Wister

albino rats were treated with 25 mg/kg Nilotinib 4 days prior to a single intraperitoneal injection of 6 mg/kg cisplatin and 6

days following the cisplatin injection. Results of their study showed that nilotinib improved creatinine clearance compared

to cisplatin-treated rats; however, it had no influence on increased BUN . It was also observed that nilotinib attenuated

cisplatin increase in MDA, a biomarker of oxidative stress . Morphological changes showed amelioration of CIAKI by

nilotinib. Although this study did not look specifically at nilotinib influence on OAT1 and OAT3, it does confirm its ability to

prevent CIAKI. Given this information, there is a clear correlation and link between the transporters, and therefore, further

investigations need to be undertaken to understand their interactions and the influence that has on mediating cisplatin

uptake. Given cisplatin uptake is the initial step mediating its nephrotoxic effects, potentially inhibiting all three

synergistically may be an ideal strategy for CIAKI prevention.

3. Cisplatin-Induced Acute Kidney Injury: Role of the Immune System

Inflammatory pathways have been linked to major pathophysiological mechanisms resulting in CIAKI .

Models of AKI resulting from ischemia, sepsis, and nephrotoxicity all were presented with structural and functional

changes to the vascular or tubular endothelium. These changes attract immune cells that infiltrate damaged kidney tissue.

Extensive research has implicated a large array of cytokines and chemokines into the robust inflammatory response

observed in models of CIAKI (Figure 5).
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Figure 3. Key cytokines and chemokines upregulated or downregulated following cisplatin treatment. This diagram

represents the therapeutic avenues published targeting inflammatory pathways and the targeted cytokines and

chemokines involved .

3.1. Toll-Like Receptors and Cisplatin-Induced Acute Kidney Injury

The innate immune system provides constituent primitive first-line defense mechanisms against an extensive repertoire of

invading pathogens . Integral to the establishment of innate immunity is a distinct class of pattern recognition

receptors, referred to as toll-like receptors (TLRs) . TLRs are evolutionary-preserved transmembrane type I sentinel

glycoproteins, responsible for facilitating host surveillance through the identification of molecular signatures present on

pathogens and self/host cells . TLRs contain three structural components: (i) an intracellular C-terminal

toll/interluikin-1 receptor domain (TIR), (ii) a central helix spanning the plasma or organelle membrane, and (iii) an

ectodomain that extends into the extracellular environment or the lumen of the intracellular organelle . The

cytoplasmic domain is responsible for mediating signal transduction upon association with activating ligands . The

leucine-rich ectodomain provides diversity and specificity between individual TLRs, as each TLR can respond to different

pathogenic (Table 3) and endogenous activating ligands . TLR expression is abundant in human non-immune and

immune tissues, including cardiac; pulmonary; nervous; hepatic; gastrointestinal; lymphoid; reproductive; and renal .

Interestingly, the human genome contains codes for 11 TLRs . However, only 10 functional TLRs are expressed . It

has been suggested that the absence of TLR11 may be responsible for human susceptibility to urinary tract infections, as

in murine models TLR11 provides resistance against uropathogenic Escherichia coli . Activating ligands of TLRs

include pattern-associated molecular patterns (PAMP)  and danger-associated molecular patterns (DAMP) .

PAMPs are defined as highly conserved, invariant motifs present on pathogens, that promote microbial survivability .

DAMPs are host-derived endogenous cytoplasmic or nuclear immunogenic alarmins that are liberated by damaged,

stressed, and necrotic cells in the presence or absence of pathogenic infection to restore homeostatic balance .

Independent of the origin of the activating ligand, the resulting end product of sterile inflammation, produced through the

myeloid differentiation factor-88 (MyD88)-dependent pathway (TLR1, 2, 4–10)  or the TIR-containing adapter-inducing

interferon-β (TRIF)-dependent pathway (TLR3 and 4) , is ubiquitous among TLRs . Activation of TLRs results in the

production of inflammatory modulators, including cytokines, chemokines, interferons, and adhesion molecules, promoting

the inflammatory response .Table 3. Summary of location and primary pathogens recognized by toll-like receptors.

Toll-Like
Receptor Location Primary

Pathogen (s)

1 Extracellular

Gram-positive
bacterium

Fungus
Mycobacterium

2 Extracellular

Fungus
Gram-positive

bacterium
Mycobacterium

3 Intracellular Double-
stranded virus

4 Extracellular Gram-negative
bacterium

5 Extracellular Flagellum

6 Extracellular
Gram-positive

bacterium
Fungus

7 Intracellular Single-
stranded virus
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Toll-Like
Receptor Location Primary

Pathogen (s)

8 Intracellular Virus

9 Intracellular Bacterium

10 Extracellular Gram-positive
bacterium

TLR expression is abundant in non-diseased human renal tissue  (Figure

4). Thus, chronic unregulated and unresolving TLR activation may be responsible for immunopathological consequences,

as augmented TLR-induced inflammation and increased expression have been reported in a plethora of non-\infectious

and autoimmune diseases that target the renal system, including nephrotoxicity ; renal disease ; lupus

nephritis ; and diabetic nephropathy . Furthermore, TLRs have also been implicated as potential drivers of cisplatin-

induced pathologies and toxicities, including AKI ; renal injury ; allodynia ; and ototoxicity .

As demonstrated by TLR-deficient animal models  and polymorphisms in humans , the absence

or improper function of TLRs may influence susceptibility and severity of pathologies affecting the renal system.

Therefore, immunopathological consequences and renoprotective abilities originating from TLR activation in CIAKI are

described.

Figure 4. Functional expression of toll-like receptors in healthy human intrarenal cells and tissue. Basal expression of

TLR1–10 has been reported in healthy human tissue . However, determination of renal cell specific TLR expression

remains limited. To date, TLR expression has been reported in intrarenal cells and structures, including: CDEC (TLR3 ),

DTECs (TLR4 ), glomeruli (TLR2 ; TLR3 ; TLR7–9 ), mesangial cells (TLR1–4 ), peritubular

arteriole (TLR2  and TLR3 ) and capillary (TLR2  and TLR4 ) endothelial cells, podocytes (TLR1–6 and 10

), PTECs (TLR1–5  and 9 ), tubules * (TLR2–4  and TLR7–9 ), VSMCs (TLR3

) and renal cortex (TLR2  and TLR4 ), medulla (TLR2  and TLR4 ), and pelvis (TLR4 ). * Tubules

refers to literature that does not state the specific tubule on which TLR expression was reported. Abbreviations: collecting

duct epithelial cell, CDEC; DTEC, distal tubule epithelial cell; PTEC, proximal tubule epithelial cell; toll-like receptor, TLR;

vascular smooth muscle cell, VSMC.

3.1.1. Toll-Like Receptor 2 is Protective in Cisplatin-Induced Acute Kidney Injury

TLR2 is unique, as it requires recruitment of other TLRs to form heterodimers (TLR1 ; TLR6 ; and TLR10 ) to

facilitate activation and subsequent signal transduction, promoting inflammation. While it has been postulated that TLR2

can form a homodimer, it has yet to be observed . The ability of TLR2 to form heterodimer complexes with other TLRs

enables it to recognize a broad spectrum of pathogens (e.g., bacterium; fungi; helminth; mycobacterium; protozoa; and

virus)  and host-derived endogenous ligands . Previous studies involving CIAKI have reported a beneficial role of

TLR2  in the progression of disease development through mediated autophagy, which has been shown to protect

renal cells from the detrimental effects of cisplatin-mediated cell death . Exacerbated CIAKI has been reported in mice

with TLR2 deficiency, receiving daily intraperitoneal injections of cisplatin (20 mg/kg/day) . Within 24 h of receiving

cisplatin, TLR2-deficient mice displayed significantly increased levels of sCr and BUN, and severe morphological changes

to renal tissue, including loss of brush-border cells, tubule dilation, and cast formation . Furthermore, TLR2-deficient

mice had reduced renal tubular epithelial cell autophagy, associated with increased protein levels of p62 (an autophagy

substrate chaperone, involved in delivering of ubiquitinated peptides to autophagosomes for proteasomal degradation
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), and decreased levels of microtubule-associated protein 1A/1B light chain 3 II (LC3 II) (a LC3-

phosphatidylethanolamine conjugate that is integrated into lipid membranes of autophagosomes and phagophores, which

interacts with p62 to select targets for degradation ) and phosphorylation of phosphoinositide 3-kinase and protein

kinase B . This study also reported significantly increased mRNA and protein expression of TLR2 in wild-type mice 24

h after cisplatin treatment, which continued to increase in a time-dependent manner . A complimentary study also

reported a protective role of TLR2 during CIAKI, as the absence of TLR2, in mice treated with cisplatin (20 mg/kg),

resulted in renal dysfunction shown by increased levels of sCr, BUN, and urea . Histological assessment determined

that mice with TLR2 deficiency developed exacerbated renal injury and structural damage, including enlargement of

glomerular cavity, renal tubular dilation, renal epithelial cell detachment, formation of renal casts, and infiltration of

inflammatory cells (macrophages and neutrophils) into the renal medulla and presence of necrosis . Additionally, lack

of TLR2 reduced survivability and failed to protect mice from cisplatin-induced weigh loss . This study also

demonstrated a protective role in renal autophagy during CIAKI through induction of the TLR2 pathway, as

autophagosome forming molecules may depend on the TLR2 signal . Renal tubular cells isolated from TLR2-deficient

mice had decreased levels of autophagy genes (LC3 and autophagy-related 5) and proteins (LC3II, autophagy-related

protein-5 and CCAAT-enhancer-binding protein-homologous protein) after cisplatin treatment . Taken together, these

results suggest that TLR2 plays a beneficial role during CIAKI by regulating autophagy and reducing renal dysfunction

and pathological changes.

3.1.2. Toll-Like Receptor 4 Has a Detrimental Role in Cisplatin-Induced Acute Kidney Injury

Since its discovery in 1997 , TLR4 has been extensively investigated in the literature, and its structure, function, and

signal transduction remain the most characterised and established of the TLRs . TLR4 plays an essential role in host

Gram-negative immunity by identifying lipopolysaccharides, a lipid and polysaccharide conjugate that is a major

component in the outer membrane of Gram-negative bacteria . However, the ability of TLR4 to recognize a repertoire

of pathogens has been reported, including enveloped viruses  and viral proteins (viral fusion proteins  and

glycoproteins ), Gram-positive bacteria , and helminths . Furthermore, TLR4 can respond to a broad range of

DAMPs, including endoplasmin , high-mobility group-1 , and heat-shock protein 70 , which have been shown

to be upregulated during cisplatin treatment. Interestingly, TLR4 has also been shown to participate in transition metal

sensing , and metals, including nickel, cobalt, and platinum  have been observed as TLR4-activating ligands.

Due to the increase in circulating DAMPs and cisplatin (a platinum-based chemotherapy) acting as TLR4 ligands, TLR4

has been implemented as a major contributor in driving pathogenesis and development of CIAKI through upregulation of

inflammation and proinflammatory and subsequent renal dysfunction, renal tissue injury, and nephrotoxicity . A study

involving TLR4-deficient mice administered a toxic dose of cisplatin (20 mg/kg) to induce acute renal failure within 72 h

and reported significantly reduced markers of inflammation, nephrotoxicity, and renal function and decreased renal injury

and histological abnormalities . To determine the effect that TLR4 deficiency has on cisplatin-induced renal dysfunction

and structural changes, BUN and sCr were used as indicators of function . Severe renal failure (indicated by elevated

levels of BUN and sCr) was observed between 48 and 72 h in WT after bolus dose of cisplatin and was accompanied by

histological abnormalities including advanced tubular injury, cast formation, absence of brush-border membranes,

shedding of tubular epithelial cells, necrosis of renal tubule cells, and dilation in renal tubules . Mice with TLR4

deficiency has significantly preserved renal function 72 h after administration to cisplatin, as shown by reduced BUN ad

sCr concentrations and minimal histological changes. Thus, indicating that TLR4 contributes to structural and functional

consequences during CIAKI . Furthermore, immunopathological consequences, including reduced leukocyte

infiltration, decreased concentrations of cytokine and chemokine in serum (i.e., TNF-α; IL-1β; IL-2; IL-6; and IL-10), kidney

(i.e., TNF-α; IL-6; CCL5; MCP-10; and KC) urine (i.e., TNF-α; IL-2; IL-6; CCL5; MCP-1; KC; and IP-10), and reduced

activity of p38 MAPK and JNK phosphorylation was also observed in TLR4-deficient mice when compared to WT .

Thus, suggesting that the potent inflammatory response initiated by TLR4 may be responsible for initiating CIAKI .

Therefore, a tailored therapy encompassing a combination of cisplatin and a TLR4 inhibitor is an appealing approach to

preserve renal structural integrity and preservation of function in CIAKI.A potential TLR4 inhibitor to be used in conjunction

with cisplatin, which has shown promising results in septic-induced AKI, is resatorvid (TAK242) . TAK242 is a

cyclohexene derivative , which exerts its inhibitory effect by binding to the intracellular domain of TLR4. Upon binding,

TAK242 causes a confirmation change in the cytoplasmic tail, which results in the inability of the bridging adaptor

molecules TIR-containing adapter protein/myeloid differentiation factor-88 and translocating chain-associated membrane

protein/TRIF to associate , thus preventing TLR4 signal transduction and subsequent production and release of

proinflammatory mediators . Administration of TAK242 to ovine models of Gram-negative bacteria resulted in

enhanced renal function, demonstrated by abolishment of impaired Cr clearance in the urine, reduced BUN and sCr,

prevention of renal hypoperfusion, and reduced swelling of endothelial cells in glomerular capillaries . Additionally,

a recent article has shown that TAK242 is able to enhance the cytotoxic effect of cisplatin in breast and ovarian cancer

cells, while preventing its toxic effects of cells . Thus, suggesting that dual treatment with TAK242 and cisplatin could
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enable a reduced dose of cisplatin given to patients. Taken together, TAK242 should be further investigated in CIAKI, as it

represents a pharmaceutical that could (i) prevent detrimental chronic inflammation, (ii) retain structural integrity and renal

function, and (c) intensify the effect of cisplatin in CIAKI.

3.1.3. Toll-Like Receptor 9 is Protective in Cisplatin-Induced Acute Kidney Injury

TLR9 is a cytosolic receptor bound to the membranes of intracellular organelles (e.g., endosomes, lysosomes, and

endolysosomes) and is responsible for identification of unmethylated cytosine-phosphate-guanosine DNA present in

bacteria and viruses . Furthermore, TLR9 has been shown to directly contribute to cardiac, hepatic, and renal

ischemic tissue injury  and lupus nephritis  through recognition of endogenous mitochondrial DNA products

, chromatin IgG complex , GP96 , high-mobility group box-1 , and heat-shock protein 90 . A study

involving CIAKI determined a protective immunomodulating role of TLR9 in disease progression, as TLR9 absence

resulted in accelerated and increased pathological development . TLR9-deficient mice were administered cisplatin

(20–25 mg/kg) via intraperitoneal injection and were then euthanised 24–72 h after treatment . When compared to

wild-type controls, TLR9-deficient mice had greater renal dysfunction and histological injury 24 h after cisplatin exposure,

as shown by significant increases in serum urea, tubular injury score, neutrophil, and CD4+ cells and mRNA expression of

CXCL1/2 . Additionally, augmented disruption of renal tubular structure and integrity, tubular necrosis, cast formation,

and accumulation of tubular cell debris was observed in kidneys derived from TLR9-deficient mice when compared to

wild-type controls . However, after 56 h of cisplatin exposure, no significance in renal function and histological injury

was observed between TLR9-deficient mice and wild-type controls, suggesting that increased renal injury was not

mediated by effector cell function in TLR9-deficient mice . Previous in vitro studies involving human cells have

postulated simultaneous activation of regulatory T cells (Tregs) and TLR9, suggesting the ability of TLR9 activation to

regulate/suppress Treg activity . Therefore, using this hypothesis, the authors determined if exacerbated renal injury

and dysfunction was caused by Treg cell activity modulated by TLR9 . The findings from this study showed that TLR9-

deficient Tregs were not defective in functionally, abundance or apoptotic-inducing abilities but that the amount of

adhesion molecules responsible for Treg recruitment into the kidneys was reduced in TLR9 absence . This is

supported by literature that shows that Tregs must be actively recruited into renal tissue to exert renoprotective abilities in

AKI . Therefore, taken together, this study suggests that TLR9 plays a beneficial role in CIAKI by enabling

recruitment of Tregs into inflamed renal tissue .

3.2. Cytokines

3.2.1. Tumor Necrosis Factor Alpha

Cisplatin-induced nephrotoxicity involves the activation of a proinflammatory response . Cisplatin has been linked to

the increased expression of TNF-α in both serum and urine concentrations of AKI . TNF-α is a branch of the TNF

family. These proteins are important cytokines responsible for cell signaling. They play an important role in immunity as

well as the possession of proinflammatory properties . TNF-α inhibitors have shown that in the absence of TNF-α.α

cisplatin-induced nephrotoxicity is attenuated, indicating that TNF-α plays a significant role in cisplatin’s nephrotoxic

effects. Treatment with the matrix metalloprotease inhibitor GM-6001, a TNF-α antagonist, reduced urea levels in GM-

6001 mice compared to cisplatin, showing treatment with GM-6001 enhanced renal function. This improvement in renal

function correlates with the improved renal histology . Genetic modification of TNF-α also displayed renoprotective

effects. Silencing of TNF-alpha showed amelioration of kidney dysfunction resulting from cisplatin treatment, with TNF-

alpha −/− mice protected against the nephrotoxic effects of cisplatin . This highlights a crucial role of proinflammatory

cytokines and chemokines in the pathogenesis of CIAKI, particularly a central role for TNF-alpha . Interestingly, TNF-α

enhances the anticancer properties of cisplatin in breast cancer cells, both in vitro and in vivo . It would be interesting

to investigate the effects of TNF-α downregulation on the cytotoxicity of cisplatin in an in vivo model of CI-AK. In addition

to upregulation by cisplatin, Nfκb is also activated by TNF-α  and in CIAKI .

3.2.2. Nuclear Factor Kappa-Light-Chain Enhancer of Activated B Cells

Nuclear factor kappa-light-chain enhancer of activated B cells (NF-κB) is a key prosurvival and inflammatory cell

transcription factor and is induced by cisplatin treatment . Expression of Nfκb was significantly upregulated in rats

treated with cisplatin compared to control rats. SA pretreatment significantly downregulated NF-kB expression compared

to cisplatin . Interleukin-6 (IL-6) and TNF-α levels were markedly reduced in the SA and cisplatin compared to only

cisplatin-treated rats; however, levels were not completely restored to control levels. Quercetin is a flavonoid that elicits

anticancer, anti-inflammatory, and antioxidant properties. Results of this study showed quercetin restored kidney function

indicated by reduced serum BUN and creatinine compared to cisplatin-treated mice. Quercetin also downregulated mRNA

expression of key inflammatory markers IL-1β, IL-6, and TNF-α compared to control, indicated by real-time PCR. Western

blot analysis indicated Quercetin treatment decreased Syk/NF-κB activity in kidney tissue following cisplatin-induced AKI.
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They concluded that inhibition of Mincle/Syk/NF-κB signaling by quercetin exerts its renoprotective effects through

reduced inflammation . The progression would be to test quercetin in a tumor bearing model of cisplatin-induced AKI,

and it is one of the first anticancer drugs to be used and could potentially exert its renoprotective effects whilst maintaining

cisplatin’s cytotoxicity. This is a promising therapeutic option for cancer patients. In addition to pharmacological inhibition

of NF-kB displaying renoprotective effects, transcriptional inhibition of NF-kB also protects against cisplatin-induced AKI

. The literature has investigated the role of transforming growth factor-β-activated kinase-1 (TAK1) in cisplatin-induced

acute kidney injury . TAK-1 is a component of the NF-kB pathway and protects cells from TNF-α-induced cell death

through upregulation of antiapoptotic proteins . TAK1 expression is known to be upregulated in response to cisplatin

treatment . TAK1 gene disruption was performed in order to generate a knockout in the proximal tubule to investigate

the role of TAK1 following cisplatin treatment. Lower sCr and BUN and levels were observed in TAK1-deficient mice 72 h

following injections of 20 mg/kg of cisplatin compared to controls. This is indicative of reduced renal dysfunction in the

TAK-1-deficient group. H&E staining of kidney sections investigating tubular epithelial cell injury, proximal tubular dilation,

and cast formation showed TAK-1 deficiency reduced histological evidence of kidney injury . Following this knockout

study, a pharmacological study of cisplatin-induced AKI was performed using a TAK1 inhibitor. Results of the study

determined that TAK-1 inhibition increased sCr and BUN, suggesting TAK-1 plays a protective role against CIAKI.

Interestingly, following the increased expression of TNF-alpha and consequently Nfκb observed in CIAKI, this is often

correlated with a downregulation in Interleukin-10 (IL-10).

3.2.3. Interleukin-10

There is significant evidence implicating proinflammatory cytokines in the pathogenesis of cisplatin-induced renal

dysfunction , stimulating the focus on anti-inflammatory cytokines as therapeutic targets against CIAKI. IL-10 is

an anti-inflammatory cytokine produced by T helper cells, T cells, dendritic cells, and macrophages . IL-10 inhibits

many physiological processes including early-phase inflammation, cytokines, chemokines, neutrophil activation, and NO

production . Deng and colleagues conducted a study to investigate the effects of IL-10 on CIAKI in male BALB/c and

C57BL/6 mice. A histological analysis was conducted 72 h after mice were treated with cisplatin. Results showed

evidence of necrosis in the renal proximal tubule and the straight tubule. Cast formation and leukocyte accumulation was

also shown, indicative of an inflammatory response. The results of the study showed that serum concentrations of IL-10

were downregulated in response to cisplatin treatment and maximal inhibition of renal injury was observed when cisplatin

and 1g of IL-10 (determined via dose-dependent study) was administered concurrently. It was also determined that IL-10

administration one hour post cisplatin treatment also decreased renal damage . A separate study in IL-10 KO mice

showed enhanced CIAKI, further explicating its renoprotective effects . Increased IL-10 expression has also been

associated with the renoprotective effects of AT  receptor stimulation following TLR4-induced inflammation . This

shows that enhanced expression of IL-10 is renoprotective and finding a pharmaceutical activator of IL-10 to assess in a

model of AKI may provide therapeutic benefit. Tumor cells are known to overexpress key cytokines, such as IL-10. IL-10

protected against chemotherapeutic agent effects, through upregulation of antiapoptotic proteins such as Bcl-2 and Bcl-xL

. As such, further investigations into the effects of IL-10 attenuation of CIAKI in a tumor-bearing model should be

completed. IL-33 another cytokine has been suggested to contribute to cisplatin’s nephrotoxicity.

3.2.4. Interleukin-33

IL-33 is a proinflammatory cytokine. This cytokine contains a receptor ST2, which attracts immune cells such as CD4+

and T cells via chemotaxis . Elevated kidney expression of IL-33 was observed in CIAKI and tubular injury, suggesting

that IL-33 may contribute to the nephrotoxic effects detected following cisplatin treatment . Akcay and colleagues

conducted a study using a decoy receptor to identify the role IL-33 and CD4+ T cells play in cisplatin-induced acute

tubular necrosis (ATN) and apoptosis. In the study, two experimental groups were used. The first group was administered

sST2, a decoy receptor to inhibit IL-33 function. It was found that when this was administered, a reduction in the infiltration

of CD4+ T cells was observed along with decreased ATN and apoptosis. In the second group, recombinant IL-33 was

administered and was found to intensify CIAKI, whilst in CD4+-deficient mice administered with IL-33, kidney structure

and function remained unaffected. The results of this inferred that CD4+ T cells were accountable for the damage caused

by IL-33; in addition they concluded that IL-33 inhibition may have a therapeutic potential in CIAKI . Ravichandran and

colleagues conducted a study that investigated the protective role of IL-33 deficiency on cisplatin-induced AKI. The results

showed that IL-33 deficiency was not protective against CIAKI in mice . The interesting component of this study that

differs from most CIAKI models is that it was a tumor-bearing model. This stimulated investigations regarding not only the

nephroprotective effects of IL-33 deficiency but also the effects of the deficiency on cisplatin’s anticancer activity. BUN and

sCr were elevated in both IL-33 deficiency and WT mice treated with cisplatin in addition to increased expression of the

AKI biomarker NGAL. ATN and tubular apoptosis observed in cisplatin-induced AKI were not alleviated in IL-33-deficient

mice, furthering the evidence that IL-33 deficiency could not attenuate cisplatin’s nephrotoxic effects. It has been

demonstrated that IL-33 is upregulated in cisplatin treatment . Although IL-33 may be involved and contribute to CIAKI,
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it is unlikely to be causative. To investigate IL-33 deficiency on the cytotoxicity of cisplatin, cleaved, caspase-3 expression

was examined. In tumors of vehicle, WT-treated and IL-33-deficient mice, no significant differences in caspase-3

expression was observed; however, caspase-3 levels were elevated in tumors of cisplatin WT mice but not in IL-33-

deficient mice. Although there was evidence of reduced apoptosis, tumor weight, tumor volume, and tumor growth were all

reduced in IL-33-deficient mice, a beneficial outcome for cancer prognosis . Recent publications have implicated

tumors themselves in the pathogenesis of AKI potentially through tumor lysis syndrome (TLS). TLS is caused by cancer

treatments; however, they can occur spontaneously themselves, discharging cancer contents into the bloodstream,

clinically presenting as hyperuricemia, hyperkalemia, hyperphosphatemia, and hypocalcemia which can manifest and

result in renal dysfunction . Most publications to date use noncancer-bearing models to assess interventions for CIAKI.

Healthy mice are injected with cisplatin either prior, concurrently, or following the intervention. This therefore investigates

nephrotoxicity caused by cisplatin itself; however, it excludes the influence of cancer on kidney dysfunction. It has been

suggested that TLS from cancer patients may contribute to the pathogenesis of CIAKI; therefore, Ravichandran and

colleagues repeated the same experiments on IL-33 deficiency in cisplatin-treated mice without cancer. The results of this

concluded that cancer did not influence the lack of renoprotection, elicited by IL-33 deficiency . Knowing this, it

highlights the importance of trialing therapies in both tumor-bearing and tumor-absent models of CIAKI.

3.2.5. Interleukin-6

IL-6 is a pleiotropic cytokine predominantly exerting proinflammatory functions but also exhibits anti-inflammatory

properties . It is a member of the interleukin family of cytokines, a collective whose involvement has been extensively

researched in the pathology of CIAKI for many years. Serum and urine levels of IL-6 are elevated following cisplatin

treatment, and it has been used as an early serum and urine biomarker of AKI . However, IL-6 stimulation has been

proposed to play a protective role in models of cisplatin-induced AKI implied to be via upregulation of antioxidant markers

. IL-6 −/− mice were administered 30 mg/kg of cisplatin via intraperitoneal injection. Twenty-four and 72 h post cisplatin

administration blood and kidneys were harvested and analyzed for oxidative and antioxidative stress markers. Western

blotting of IL-6 −/− cisplatin-treated mice showed increased expression of 4-HNE compared to wild-type mice. Following

this, gene expression of free radical scavengers SOD1 and SOD2 in cisplatin-treated kidneys was analyzed via RT-PCR

assays. Kidneys excised 24 h after cisplatin treatment yielded no significant difference in SOD1 expression; however,

SOD1 expression was reduced in wild-type and IL-6 −/− mice 72 h after cisplatin treatment. In addition to investigating

gene expression, enzymatic activity of SOD was analyzed indicating that SOD activity was significantly reduced in kidneys

of IL-6 −/− mice compared to wild type . Previously, it was determined that although IL-6 deficiency did not accelerate

the development of systemic injury, it did accelerate progression of cisplatin-induced acute renal failure . This indicates

that IL-6 may play a protective role in CIAKI, but to date, there is no pharmacological IL-6 antagonism studies

investigating this. Cancer models have showed that increased expression of IL-6 enhances acquired cisplatin resistance

and reduces cytotoxicity; therefore, direct stimulation of IL-6 over-expression may reduce the efficacy of cisplatin  and

therefore may not be an appropriate therapeutic target for cancer patients to prevent CIAKI. Many cytokines have been

explored in models of CIAKI; however, recent literature has elucidated the role of specific chemokines in the pathogenesis

of the disease.

3.3. Chemokines

The development and progression of an inflammatory response has long been associated with kidney damage and

nephrotoxicity stimulated by cisplatin treatment . Evidence has presented a role for proinflammatory chemokines as

potential mechanisms associated with CIAKI, which is suggested to be mediated via TNF-α . Both CXC and CC

chemokines have varying roles in cancer, with many members from both subfamilies recruited to tumor sites playing either

a pro- or anti-tumor role. Multiple chemokines from the CXC family have been linked to the pathogenesis of cancer,

particularly in the stimulation of angiogenesis . Several chemokine family members have also been shown to

contribute to the pathogenesis of CIAKI.

3.3.1. CXCL16

CXC chemokine ligand 16 (CXCL16) is a member of the CXC family of chemokines . CXCL16 has been associated

with proinflammatory properties in multiple diseases . Research suggests that CXCL16 may play a role in acute

coronary syndrome most often associated with atherosclerosis . Inhibition of CXCL16 has been linked to ameliorating

effects in a variety of inflammatory related diseases such as liver inflammation and steatohepatitis , anti-GBM

glomerulonephritis  and the regulation of CIAKI . CXCL16 expression is upregulated in kidneys following cisplatin

treatment . To further understand the mechanisms stimulating this upregulation and the role CXCL16 plays in

inflammation and apoptosis in renal tubular cells, wild-type and knockout mice were injected with 20 mg/kg of cisplatin.

Seventy-two h after cisplatin treatment, the mice were culled. The results showed that kidney dysfunction was observed in

[172]

[174]

[172]

[175]

[176]

[69]

[69]

[177]

[178]

[179]

[33]

[180]

[181]

[182][183]

[184]

[185]

[186] [181]

[181]



wild-type mice, indicated by elevated levels of serum BUN. CXCL16 knockout mice were protected from cisplatin-induced

renal dysfunction with reduced levels of serum BUN. Knockout mice also presented with reduced histological damage of

renal tissue compared to WT mice. This study used RT-PCR to investigate mRNA expression of key proinflammatory

cytokines associated with CIAKI. Results showed that following cisplatin injection expression of TNF-a, IL-1β, IL-6, and

transforming growth factor β1 were upregulated in wild-type mice compared to the vehicle. Inhibition of mRNA expression

of these molecules was observed in CXCL16 knockout mice. Decreased caspase-3 activation was also seen in CXCL16

−/− mice illustrating CXCL16’s role in tubular epithelial cell apoptosis. . A separate study also involving CXCL16 −/−

mice investigated renal injury associated with salt-sensitive hypertension. The study showed that DOCA-salt-treated −/−

mice showed reduced renal dysfunction, proteinuria, BUN, and fibrosis compared to wild-type mice . The collection of

these studies has highlighted a role for CXCL16 in the inflammatory response associated with renal injury. Given the

information and results observed in these studies, the progression would be to assess concurrent treatment with cisplatin

and the pharmacological inhibition of CXCL16 in the prevention of nephrotoxicity. Pharmacological treatment using a

monoclonal, rat anti-mouse CXCL16 neutralising antibody has shown to reduce liver inflammation in chronic hepatic injury

. More relative to AKI, a study involving the pharmacological inhibition of CXCL16 using an antiserum generated

against CXCL16 showed reduced progression of anti-GBM glomerulonephritis suggested to be through its role in

leukocyte influx . Despite the evidence linking CXCL16 to CIAKI, it is not the only CXC chemokine linked to the

disease. The CXCL1-CXCR2 axis has also been shown to be involved in renal damage following cisplatin treatment.

3.3.2. CXCL1-CXCR2 Axis

The chemokine (C-X-C motif) ligand 1 (CXCL1) belongs to the CXC family of chemokines. The molecular structure of

CXCL1 can be either a monomer or a dimer and is a highly potent CXCR2 receptor agonist . The CXCL1-CXCR2 axis

has been implicated in a variety of inflammatory diseases, specifically through its role in neutrophil recruitment and

microbial death at sites of tissue injury . A key component in the immune response triggered by AKI promoting

renal injury is the accumulation of key leukocytes, such as neutrophils and monocyte/macrophages . CXCL1 and its

upregulation has been secondarily investigated in models of CIAKI specifically in IL-33-deficient mice . A recent study

published demonstrated the inhibition of the CXCL -CXCR  axis provided ameliorating effects against renal damage

induced by CIAKI . Following cisplatin treatment, a significant increase in kidney mRNA and protein expression for both

CXCL1 and CXCR2 compared to control was observed, indicating that the CXCL -CXCR  axis plays a role in the

nephrotoxic effects induced by cisplatin. Reduced sCr and BUN were observed in both CXCL1- and CXCR2-deficient

mice, indicating axis silencing improves renal function and AKI induced by cisplatin. There was also evidence of reduced

renal neutrophil infiltration, indicating the potential of a reduced immune response in both CXCL1- and CXCR2-deficient

mice. Following the genetic deletion studies, pharmacological inhibition of CXCL1 and CXCR2 with repertaxin displayed

ameliorating effects against CIAKI. The results of their study concluded that inhibition of the CXCL -CXCR  axis was

renoprotective against CIAKI through inhibition of p38 and Nfκb. . Following this, the use of selective pharmacological

antagonists of CXCL1 to and CXCR2 is needed to observe their isolated role in the disease pathogenesis of CIAKI.
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