
Title: Role of ferroptosis in cisplatin-induced acute nephrotoxicity in 

mice 

Short title: Role of ferroptosis in cisplatin-induced nephrotoxicity 

Yasumasa Ikedaa, Hirofumi Hamanob, Yuya Horinouchia, Licht Miyamotoc, Tasuku 

Hirayamad, Hideko Nagasawad, Toshiaki Tamakia,e, Koichiro Tsuchiyac 

aDepartment of Pharmacology, cDepartment of Medical Pharmacology, Institute of 

Biomedical Sciences, Tokushima University Graduate School, Tokushima, Japan 

bDepartment of Pharmacy, Tokushima University Hospital, Tokushima, Japan 

dLaboratory of Pharmaceutical and Medicinal Chemistry, Gifu Pharmaceutical University, 

Gifu, Japan 

eAnan-Medical Center, Anan, Japan 

Corresponding author: Yasumasa Ikeda, MD, PhD Department of Pharmacology, 

Institute of Biomedical Sciences, Tokushima University Graduate School, 3-18-15 

Kuramoto-cho, Tokushima 770-8503, Japan 

© 2021. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/
The published version is available via https://doi.org/10.1016/j.jtemb.2021.126798.



E-mail: yasuike@tokushima-u.ac.jp  Tel: +81-88-633-7061, Fax: +81-88-633-7062 

1  

                                                        
1 Abbreviations: 

AKI, Acute kidney injury; BUN, Blood urea nitrogen; CIN, Cisplatin-induced nephrotoxicity; DFO, 

Deferoxamine; Fer-1, Ferrostatin-1; FTH, ferritin heavy chain; GSH, glutathione; GPX4, GSH peroxidase 

4; HE, Hematoxylin and eosin; HNE, hydroxynonenal; ROS, Reactive oxygen species; SB, Stockwell BR; 

TUNEL, TdT-mediated dUTP nick end labeling 



Abstract 

Background: Cisplatin is widely used as an antitumor drug for the treatment of solid 

tumors. However, its use has been limited owing to nephrotoxicity, a major side effect. 

The mechanism of cisplatin-induced nephrotoxicity (CIN) has long been investigated in 

order to develop preventive/therapeutic drugs. Ferroptosis is a newly identified form of 

non-apoptotic regulated cell death induced by iron-mediated lipid peroxidation and is 

involved in the pathophysiology of various diseases. In this study, we examined the role 

of ferroptosis in CIN.  

Methods: We evaluated the role of ferroptosis in CIN by in vivo experiments in a mouse 

model. 

Results: Cisplatin increased the protein expressions of transferrin receptor-1 and ferritin, 

and iron content in the kidney of mice. In addition, treatment with cisplatin augmented 

renal ferrous iron and hydroxyl radical levels with co-localization. Mice administered 

cisplatin demonstrated kidney injury, with renal dysfunction and increased inflammatory 

cytokine expression; these changes were ameliorated by Ferrostatin-1 (Fer-1), an 

inhibitor of ferroptosis. The expression of the ferroptosis markers, COX2 and 4-



hydroxynonenal (4-HNE), increased with cisplatin administration, and decreased with the 

administration of Fer-1. By contrast, cisplatin-induced apoptosis and necroptosis were 

inhibited by treatment with Fer-1. Moreover, deferoxamine, an iron chelator, also 

inhibited CIN, with a decrease in the expression of COX-2 and 4-HNE. Conclusion: 

Ferroptosis is involved in the pathogenesis of CIN and might be used as a new preventive 

target for CIN. 
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Introduction 

 Cisplatin is globally used for the treatment of human malignancies. Despite its 

efficacy, cisplatin use is associated with severe side effects, such as bone marrow 

suppression, peripheral neuropathy, ototoxicity, anaphylaxis, and nephrotoxicity 

(cisplatin-induced nephrotoxicity; CIN). CIN is reported in about 25% of patients on 

cisplatin chemotherapy [1]. CIN manifests mainly as renal proximal tubule damage due 

to cellular uptake of cisplatin [2]. The molecular mechanisms underlying CIN include, 

inflammation, apoptosis, oxidative stress, DNA damage, and mitochondrial dysfunction 

[3]. Currently, no drugs are available for clinical prevention of CIN, and only hydration 

therapy with the administration of diuretics, such as furosemide, is used as a preventive 

measure [4].  

Ferroptosis is a new type of programmed cell death mediated through iron-

dependent lipid peroxidation [5]. Ferroptosis is mainly induced and promoted by lipid 

peroxidation due to glutathione (GSH) depletion, decreased activity of GSH peroxidase 

4 (GPX4), and the ferrous iron-catalyzing Fenton reaction [6]. Ferroptosis has been 

reported in various cancers, including liver, colorectal, and breast cancers, and the 

induction of ferroptosis has been shown to potentiate cancer treatment [7]. Ferroptosis is 



also involved in the pathophysiology of neurodegenerative disorders [8,9], stroke [9], 

acute kidney injury (AKI) [9], and cardiac injury [10]. Inhibition of ferroptosis 

ameliorates conditions such as Huntington’s disease [8], brain hemorrhage [9], AKI [11], 

and cardiac ischemia/reperfusion injury [10]. Thus, the modulation of ferroptosis might 

help develop preventive and therapeutic targets. 

In a previous study, cisplatin administration increased the bleomycin-detectable 

iron content and hydroxyl radical formation in rat renal tubular cells. Furthermore, iron 

chelator treatment was found to alleviate marked kidney dysfunction and histological 

injury in cisplatin-induced AKI in rats [12]. Iron might play a critical role in mediating 

cisplatin-induced kidney injury; however, the association between CIN and ferroptosis 

remains unclear. 

 In this study, we found that cisplatin induced an increase in renal iron content 

and that this effect could be prevented by a ferroptosis inhibitor.  

Materials and Methods 

Cisplatin (Landa™), Ferrostatin-1 (Fer-1), and deferoxamine (DFO) were purchased 

from Nippon Kayaku Co. Ltd. (Tokyo, Japan), FUJIFILM Wako Pure Chemical 

Corporation (Osaka, Japan), and Cayman Chemical (Ann Arbor, MI), respectively. 



Hydroxyphenyl fluorescein (HPF) was purchased from Goryo Chemical (Sapporo, 

Japan). The following commercially available antibodies were used: anti-4-

hydroxynonenal (4-HNE; MHN-100P, Japan Institute for the Control of Aging, Nikken 

SEIL Co., Ltd., Shizuoka, Japan), anti-cleaved Caspase-3 (Asp175) (9661) (Cell 

Signaling Technology, Danvers, MA), anti-cyclooxygenase (COX)-2 (160126) (Cayman 

Chemical, Ann Arbor, MI), anti-glutathione peroxidase (GPX)-4 (14432-1-

AP)(Proteintech, Rosemont, IL), anti-transferrin receptor 1 (TfR) (13–6800) (Life 

Technologies, Carlsbad, CA), anti-ferritin heavy chain (FTH) (sc-25617), and anti-ß-

actin (sc-47778) (Santa Cruz Biotechnology, Inc., Dallas, TX). 

CIN mouse models 

Seven- to eight-week-old male C57BL/6J mice (22-25 g) were purchased from 

Nippon CLEA (Tokyo, Japan). The mice were randomly divided into the following 

groups: vehicle-injected group, cisplatin-injected group, cisplatin + Fer-1-injected group, 

and cisplatin + DFO-injected group. Mice were treated with intraperitoneal injections of 

cisplatin (20 mg/kg) or a vehicle. Fer-1 (5 mg/kg), DFO (100 mg/kg), or the vehicle were 

administered 1 d before, 1 h before, and 1 d after cisplatin injection (a total of three times), 

respectively. Forty-eight hours after cisplatin injection, the mice were sacrificed, and their 



blood and tissue samples were collected and used for analysis. The experimental protocol 

and drug dose were determined based on those used in previous studies[10,13,14]. 

In situ detection of labile ferrous iron and hydroxyl radicals 

Labile ferrous iron and hydroxyl radicals were detected using FerroOrange 

(RhoNox-4) [15] and HPF, respectively. In summary, the frozen sections were fixed in 

10% neutral formaldehyde for 1 min, washed with Hank's Balanced Salt Solution, and 

incubated with 1 μM FerroOrange or 5 μM HPF in a dark, humidified container at room 

temperature for 30 min. After washing, the sections were observed using a fluorescence 

microscope [16].  

Quantification of iron content 

The iron content of tissues or cells was measured using an iron assay kit 

according to the manufacturer’s instructions (Metallo Assay LS, Metallogenics, Chiba, 

Japan) as previously described [16]. The iron concentration was evaluated using tissue 

weight or protein concentration and expressed as μg of Fe per g of protein concentration. 

RNA extraction and mRNA expression 



The methods used for RNA extraction, cDNA synthesis, and quantitative RT-

PCR have been previously described [17]. The primer sets used in this study are listed in 

Table 1. 

Protein extraction and western blot analysis  

Protein preparation and western blotting were performed as previously 

described [17]. The detected immunoreactive bands were quantified via densitometric 

analysis using the Image J (version 1.38) software (National Institutes of Health, Bethesda, 

MD, USA).  

Measurement of plasma creatinine and blood urea nitrogen levels 

Plasma creatinine and blood urea nitrogen (BUN) levels were measured using 

an enzymatic method or the urease-GLDH method, respectively (Oriental Yeast Co., Ltd., 

Shiga, Japan). 

Histological analysis 

The method used for the histological evaluation of renal tubular damage has 

been previously described [13]. Hematoxylin and eosin (HE)-stained sections were used 

for scoring tubular injury (tubular necrosis, brush-border loss, cast formation, tubule 



dilatation, and tubular degeneration) as follows: 0, normal; 1, < 25%; 2, 25–50%; 3, 50–

75%, and 4, > 75%.  

TdT-mediated dUTP nick end labeling (TUNEL) staining 

 Apoptosis in the kidneys was evaluated using TUNEL staining (Apoptosis in 

situ Detection Kit Wako, FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan), 

followed by counterstaining with methyl green. Semi-quantification of TUNEL-positive 

cells was performed in ten random fields [13]. 

Immunohistochemistry 

Paraformaldehyde-fixed paraffin-embedded sections were used for the detection of 4-

HNE, as previously described [17]. Sections incubated without the primary antibody were 

used as the negative controls. 

Results 

Effects of cisplatin on renal iron levels and the induction oxidative stress 

 First, we examined whether cisplatin altered renal iron levels and induced 

oxidative stress in mice. Cisplatin increased the production of ferrous iron and hydroxyl 

radical, and they were colocalized in the kidney, suggesting the occurrence of the Fenton 



reaction (Figure 1A-C). Total iron content and TfR and FTH protein expression were 

increased in the kidney after cisplatin treatment (Figure 1D-F). 

Effects of cisplatin on ferroptosis in the kidney 

 We investigated the effects of cisplatin on ferroptosis in cisplatin-treated mice. 

Increase in COX-2 levels is a suitable marker for ferroptosis, although COX-2 does not 

regulate ferroptosis [18]. COX-2 mRNA and protein levels increased in the kidneys of 

mice treated with cisplatin and decreased following treatment with Fer-1 (Figure 2A). 

Cisplatin treatment induced a decrease in the levels of GPX4 mRNA; however, treatment 

with Fer-1 did not cause significant changes in GPX4 mRNA levels. No significant 

difference in protein levels was observed between the 3 groups (Figure 2B). Cisplatin 

increased 4-HNE protein levels; 4-HNE is a lipid peroxidation marker in the kidney, and 

its levels were normalized by treatment with Fer-1 (Figure 2C and D). 

Preventive action of Fer-1 against cisplatin-induced kidney injury in mouse models 

 We evaluated the preventive effects of Fer-1 against CIN. Mice treated with 

cisplatin showed a significant reduction in body weight but no change in kidney weight 

(Table 2). Histological analysis showed that cisplatin administration induced kidney 

injury in mice, but this injury was alleviated by concomitant treatment with Fer-1 (Figure 



3A). Except in mice co-treated with Fer-1, the plasma BUN and creatinine levels and the 

LCN-2 mRNA level were elevated in the kidneys of all cisplatin-treated mice (Table 2 

and Figure 3B). Cisplatin-induced upregulation of inflammatory cytokine mRNAs, such 

as those of TNF- , MCP-1, and IL-6, was also inhibited by treatment with Fer-1 (Figure 

3C).  

Effects of Fer-1 on apoptosis and necroptosis in CIN 

 Apoptosis and necroptosis are known to be involved in CIN [3]. We evaluated 

the effects of Fer-1 on apoptosis and necroptosis in CIN. Cisplatin increased TUNEL-

positive cell count and cleaved caspase-3 levels (markers of apoptosis) in the kidneys, but 

these changes decreased with Fer-1 administration (Figure 4A and B). Moreover, 

cisplatin-induced RIPK3 and MLKL mRNA expression (markers of necroptosis) was 

suppressed by treatment with Fer-1 (Figure 4C).  

Suppressive effects of iron chelation on cisplatin-induced kidney injury 

 Finally, we evaluated the preventive effects of DFO against CIN via ferroptosis. 

Similar to Fer-1, treatment with DFO inhibited the cisplatin-induced upregulation of 

COX-2 mRNA(data not shown) and protein expression (Figure 5A). Histological analysis 

showed that DFO alleviated cisplatin-induced kidney injury (Figure 5B). Cisplatin-



induced renal dysfunction (reflected by BUN and creatinine levels) and increase in kidney 

injury marker level (LCN-2 mRNA) was inhibited by treatment with DFO (Table 3 and 

Figure 5C). DFO also reduced cisplatin-induced upregulation of TNF- , MCP-1, and IL-

6 mRNA levels (Figure 5D). As expected, the preventive action of DFO against CIN may 

be partly mediated by the inhibition of ferroptosis. 

Discussion 

We found that ferroptosis was involved in the pathophysiology of CIN. 

Treatment with cisplatin augmented renal iron content and TfR expression. Moreover, 

ferrous iron levels were increased in mice treated with cisplatin, and CIN was inhibited 

by a ferroptosis inhibitor. Thus, our results indicate the inhibition of ferroptosis as a 

potential therapeutic target for the prevention of CIN.  

Many previous studies have shown that the occurrence of CIN is mediated 

through various mechanisms, including inflammation, apoptosis, and oxidative stress, 

and that the inhibition of these mechanisms can alleviate CIN [3,19,20]. In this study, 

acute cisplatin treatment induced kidney injury, with increase in inflammation, apoptosis, 

and oxidative stress; Fer-1, an inhibitor of lipid peroxidation, suppressed CIN, with a 

decrease in inflammation and apoptosis. Necroptosis is also involved in CIN [21], and 



cisplatin-induced RIPK3 and MLKL mRNA expression was suppressed by Fer-1. In a 

previous study, Fer-1 inhibited folic acid-induced kidney injury with a reduction in 

necroptosis, and zVAD (a necroptosis inhibitor) did not abrogate this effect [22]. The 

finding indicates that lipid peroxidation is an upstream process of necroptosis in CIN. 

Therefore, ferroptosis might operate upstream of the processes of inflammation, 

apoptosis, and necroptosis in CIN.  

We found that treatment with cisplatin augmented renal iron content, with 

increase in the expression of TfR and FTH proteins, indicating increased iron uptake and 

storage in the kidney. In addition, renal ferrous iron content also increased with cisplatin-

treatment; this result seems to be contradictory to the observed trends in FTH protein 

expression, as the ferroxidase activity of FTH catalyzes the conversion of ferrous iron to 

ferric iron, and ferric iron is stored in ferritin [23]. A recent study showed that cisplatin 

binds to FTH without affecting its iron binding capability but affects its catalytic activity 

[24]. Moreover, iron reduction by DFO prevented cisplatin-induced increase in COX-2 

expression and lipid peroxidation in the kidney. Therefore, cisplatin-induced increases in 

ferrous iron levels may be due to the reduced catalytic activity of FTH, contributing to 



the induction of ferroptosis through iron-mediated lipid peroxidation via the Fenton 

reaction.  

GPX4 plays an important role in protecting cells from ferroptosis by 

maintaining redox homeostasis [5]. Dysfunction of GPX4 induces ferroptosis by inducing 

the formation lipid hydroperoxides via ferrous-dependent formation of toxic lipid reactive 

oxygen species (ROS). Two recent studies have shown that cisplatin induces ferroptosis 

in the kidneys [25,26]. Cisplatin treatment reduced GPX4 protein [26] and GSH-

peroxidase activity [27]. However, in our model, renal GPX4 protein levels did not 

change despite cisplatin treatment, although kidney GPX4 mRNA levels reduced. 

Therefore, cisplatin-induced ferroptosis is mainly caused by lipid peroxidation, and the 

involvement of GPX4 in CIN is unclear.  

Ferroptosis is emerging as a new target in cancer therapeutics and has recently 

been shown to be a mechanism of active cancer cell death induced by classic 

chemotherapeutic agents. Cisplatin triggers ferroptosis by inhibiting GPX4, resulting in 

GSH depletion in A549 and HCT116 cells [28]. Cisplatin equally induces ferroptosis 

through intracellular free iron-induced induced ferritinophagy in lung cancer cells [29]. 

Thus, cisplatin exerts its anti-cancer effects through DNA damage and inhibition of DNA 



synthesis, as well as through the induction ferroptosis [30]. Moreover, the anti-cancer 

effects of cisplatin are further enhanced through synergistic action with ferroptosis 

inducers such as erastin or RSL3 [28,29]. In addition, ferroptosis plays a detrimental role 

in the pathogenesis of kidney injury, as its inhibition was found to prevent kidney injury 

induced by ischemia/reperfusion [31], folic acid [22], and oxalate crystals [11]. In this 

study, we demonstrated that CIN is suppressed by ferroptosis inhibitors and iron chelators, 

indicating that the effects of ferroptosis induced by cisplatin in kidney cells are different 

from those in cancer cells.  

In the present study, we used DFO to examine the effect of an iron chelator on 

cisplatin-induced renal ferroptosis in mice. DFO must be administered subcutaneously or 

intravenously, while other iron chelator such as deferiprone (DFP) or deferasirox (DFX) 

is orally bioavailable drug. In addition, DFP and DFX have a few affinities for other 

metals including copper and zinc compared to DFO [32], which might contribute to 

specific iron chelation without affecting other metals in the body. DFP or DFX is thought 

to be favorable for the prevention of CIN in clinical practice. 



In conclusion, ferroptosis may play a role in the pathophysiology of CIN by 

increasing both total iron and ferrous iron content. Further investigation is necessary to 

confirm ferroptosis as a preventive target against CIN. 
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Figure legends 

Figure 1: Effects of cisplatin on hydroxy radical and ferrous iron levels in the kidney. 

(A) Representative staining of kidney sections from the control and cisplatin-injected 

mice with FerroOrange, hydroxyphenyl fluorescein (HPF), and 4',6-diamidino-2-

phenylindole (DAPI). (B) Semi-quantitative analysis of HPF fluorescence intensities. 

Values are expressed as mean ± SEM, *P < 0.05, n = 7–8 in each group. (C) Semi-

quantitative analysis of RhoNox-4 fluorescence intensities. Values are expressed as mean 

± SEM, *P < 0.05, n = 7–8 in each group. (D) Renal iron levels in mice treated with or 

without cisplatin. Values are expressed as mean ± SEM, *P < 0.05, n = 7–8 in each group. 

TfR (E) and FTH (F) levels in mice treated with or without cisplatin. Representative 

protein bands and semi-quantitative analysis of TfR and FTH levels in the kidneys of 

mice in each group. Values are expressed as mean ± SEM, *P < 0.05, **P < 0.01, n = 6–

9 in each group. 

Figure 2: Effects of cisplatin on ferroptosis. (A) Left panel: COX-2 and β-actin mRNA 

levels in the kidneys of mice in each group. Values are expressed as mean ± SEM, *P < 

0.05, n = 8 in each group. Right panel: Representative protein bands and semi-quantitative 



analysis of COX-2 expression in the kidneys of mice in each group. Values are expressed 

as mean ± SEM, *P < 0.05, n = 6 in each group. (B) Left panel: GPX-4 mRNA expression 

levels in the kidneys of mice in each group. Values are expressed as mean ± SEM, *P < 

0.05, n = 8 in each group. Right panel: Representative protein bands and semi-quantitative 

analysis of GPX-4 and β-actin expression in the kidneys of mice in each group. Values 

are expressed as mean ± SEM, *P < 0.05, n = 6 in each group. (C) Left panel: 

Representative protein bands of 4-hydroxynonenal (HNE) and β-actin in the kidneys of 

mice. Right panel: Semi-quantitative analysis of densitometry for 4-HNE. Values are 

expressed as mean ± SEM, *P < 0.05, **P < 0.01, n = 5 in each group. (D) Representative 

images of 4-HNE staining in the kidneys of mice in each group.  

Figure 2: Ferrostatin-1 (Fer-1) inhibits cisplatin-induced nephrotoxicity in mice. (A) Left 

panel: Representative hematoxylin and eosin staining (HE) of the kidney sections from 

mice in the control group and from cisplatin-injected mice treated with vehicle or Fer-1. 

Right panel: Quantitative analysis of the renal tubular damage score. Values are expressed 

as mean ± SEM. *P < 0.05; n = 5 in each group. (B) mRNA levels of kidney injury 

markers (Kim-1 and lipocalin-2) in the kidneys of mice in each group. Values are 



expressed as mean ± SEM. **P < 0.01, n = 8–9 in each group. (C) Fer-1 prevents 

cisplatin-induced upregulation of renal inflammation. Quantitative analysis of 

inflammatory cytokine mRNA expression in the kidneys of mice in each group. Values 

are expressed as mean ± SEM. **P < 0.01, n = 8–9 in each group. 

Figure 4: Inhibitory effects of ferroptosis on apoptosis and necroptosis in cisplatin-

induced nephrotoxicity. (A) Left panel: Representative images of TdT-mediated dUTP 

nick end labeling (TUNEL) staining in the kidneys of mice in each group. Right panel: 

Semi-quantitative analysis of TUNEL-positive cells. Values are expressed as mean ± 

SEM, *P < 0.05, n = 5 in each group. (B) Upper panel: Representative protein bands of 

cleaved caspase-3 (Casp-3) and β-actin in the kidneys of mice. Right panel: Semi-

quantitative analysis of densitometry for cleaved Casp-3. Values are expressed as mean 

± SEM, *P < 0.05, **P < 0.01, n = 8 in each group. (C) mRNA levels of necroptosis 

markers (RIPK3 and MLKL) in the kidneys of mice in each group. Values are expressed 

as mean ± SEM. *P < 0.05, **P < 0.01, n = 8 in each group. 

Figure 5: Effects of deferoxamine (DFO) on cisplatin-induced nephrotoxicity via the 

ferroptosis pathway. (A) Representative protein bands and semi-quantitative analysis of 



COX-2 and 4-HNE expression in the kidneys of mice in each group. Values are expressed 

as mean ± SEM, *P < 0.05, n = 6 in each group. (B) Left panel: Representative 

hematoxylin and eosin staining (HE) of the kidney sections of mice in the control group, 

cisplatin-injected mice treated with vehicle or DFO. Right panel: Quantitative analysis of 

the renal tubular damage score. Values are expressed as mean ± SEM. *P < 0.05; n = 8 

in each group. DFO prevents cisplatin-induced renal injury (C) and inflammation (D). 

Quantitative analysis of mRNA levels of kidney injury markers and inflammatory 

cytokines and in mice in each group. Values are expressed as mean ± SEM. *P < 0.05, 

**P < 0.01, n = 8 in each group. 

 



48
100

-actin
TfR

Vehicle Cisplatin

Vehicle

Cisplatin

FerroOrange HPF DAPI Merge

0

0.5

1

1.5

2

2.5

0

0.5

1

1.5

2

2.5

VehicleCisplatin VehicleCisplatin

Fe
rro

O
ra

ng
e

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

H
PF

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)
* *

200μm

(A)

(C)(B)

0
20
40
60
80

100
120
140

VehicleCisplatin

R
en

al
 ir

on
 c

on
te

nt
(μ

g 
Fe

/g
 p

ro
te

in
)

*(D)

0

2

4

6

8

10

VehicleCisplatinFT
H

 p
ro

te
in

 e
xp

re
ss

io
n

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

**(E)

25

48
20

-actin
FTH

Vehicle Cisplatin

0
0.5

1
1.5

2
2.5

3

VehicleCisplatinTf
R

pr
ot

ei
n 

ex
pr

es
si

on
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

*(E)

Figure1 Ikeda, et al.



0

1

2

3

4

5

6

C
O

X-
2 

pr
ot

ei
n

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

Vehicle Cisplatin
Cisplatin

+
Fer-1

0

0.5

1

1.5
G

PX
4 

pr
ot

ei
n

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

Vehicle Cisplatin
Cisplatin

+
Fer-1

0
5

10
15
20
25
30
35

C
O

X-
2 

m
R

N
A

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

Vehicle Cisplatin
Cisplatin

+
Fer-1

0

0.5

1

1.5

G
PX

4 
m

R
N

A
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

Vehicle Cisplatin
Cisplatin

+
Fer-1

Figure 2 Ikeda, et al.

100μm

Vehicle Cisplatin Cisplatin
+

Fer-1

48
35

25

20

48

Vehicle Cisplatin
Cisplatin

+
Fer-1

15
48

75

48

**
**

** ** * *

0

0.5

1

1.5

2

2.5

Vehicle Cisplatin
Cisplatin

+
Fer-1

* *

4-
H

N
E 

pr
ot

ei
n

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

-actin

4-HNE

-actin
COX-2

-actin
GPX4

Vehicle Cisplatin
Cisplatin

+
Fer-1

Vehicle Cisplatin
Cisplatin

+
Fer-1

(A)

(C)

(B)

(D)



0

1

2

3

4

5

Tu
bu

la
r d

am
ag

e 
sc

or
e

Vehicle Cisplatin
Cisplatin

+
Fer-1

**

Vehicle Cisplatin Cisplatin+Fer1

100μm

Figure 3 Ikeda, et al.

(A)

0

20

40

60

80

100

KI
M

-1
 m

R
N

A 
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

LC
N

-2
 m

R
N

A 
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

**

0

20

40

60

80

100

120

0

2

4

6

8

10

12

TN
F-

m
R

N
A 

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

IL
-6

 m
R

N
A 

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

0

2

4

6

8

10

M
C

P-
1 

m
R

N
A 

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

** **** ** ** **

Vehicle Cisplatin
Cisplatin

+
Fer-1

(C)

(B)

0

100

200

300

400

500 ****
**

Vehicle Cisplatin
Cisplatin

+
Fer-1

Vehicle Cisplatin
Cisplatin

+
Fer-1

Vehicle Cisplatin
Cisplatin

+
Fer-1

Vehicle Cisplatin
Cisplatin

+
Fer-1



100μm

Figure 4 Ikeda, et al.

0

1

2

3

4

5

M
LK

L 
m

R
N

A
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

Vehicle Cisplatin
Cisplatin

+
Fer-1

0
0.5

1
1.5

2
2.5

3
3.5

4

R
IP

K3
 m

R
N

A
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

Vehicle Cisplatin
Cisplatin

+
Fer-1

(A)

(C)

(B)

0

5

10

15

20

25

TU
N

EL
 p

os
iti

ve
 c

el
ls

(/H
PF

)

Vehicle Cisplatin
Cisplatin

+
Fer-1

* *

0

3

6

9

12

15

18

C
le

av
ed

 c
as

pa
se

-3
 p

ro
te

in
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e) ** *

** **** *

Vehicle Cisplatin
Cisplatin

+
Fer-1

20

48

15

-actin

Cleaved
Casp-3

Vehicle Cisplatin
Cisplatin

+
Fer-1

Vehicle Cisplatin Cisplatin+Fer1



Vehicle Cisplatin
Cisplatin

+
DFO

48

75

48

35

25
20
48

-actin
COX-2

-actin

4-HNE

0

0.5

1

1.5

2

2.5

3

Vehicle Cisplatin
Cisplatin

+
DFO

Figure 5 Ikeda, et al.

* *

0

2

4

6

8

10

Vehicle Cisplatin
Cisplatin

+
DFO

* *

4-
H

N
E 

pr
ot

ei
n

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

(A)

(B)

0

1

2

3

4

5

Tu
bu

la
r d

am
ag

e 
sc

or
e

Vehicle Cisplatin
Cisplatin

+
DFO

**

100μm

**

0

20

40

60

80

100

KI
M

-1
 m

R
N

A 
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e)

LC
N

-2
 m

R
N

A 
(R

el
at

iv
e 

fo
ld

 c
ha

ng
e) **

0

50

100

150

0

5

10

15

TN
F-

m
R

N
A 

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

IL
-6

 m
R

N
A 

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

0

5

10

15

20

25

M
C

P-
1 

m
R

N
A 

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e) ** **** * ** *

Vehicle Cisplatin
Cisplatin

+
DFO

(C)

0
50

100
150
200
250
300 ***

**

Vehicle Cisplatin
Cisplatin

+
DFO

Vehicle Cisplatin
Cisplatin

+
DFO

C
O

X-
2 

pr
ot

ei
n

(R
el

at
iv

e 
fo

ld
 c

ha
ng

e)

Vehicle Cisplatin Cisplatin+DFO

(D)

Vehicle Cisplatin
Cisplatin

+
DFO

Vehicle Cisplatin
Cisplatin

+
DFO



Table 1. Sets of primer sequences 

 Forward Reverse 

Mouse cyclooxygenase (COX)-2 TGCAGAATTGAAAGCCCTCT CCCCAAAGATAGCATCTGGA 

Mouse glutathione peroxidase (GPX)-4  CTCCATGCACGAATTCTCAG GCACACGAAACCCCTGTACT 

Mouse kidney injury molecule (KIM)-1 AAACCAGAGATTCCCACACG GTCGTGGGTCTTCCTGTAGC 

Mouse lipocalin (LCN)-2 TGGAAGAACCAAGGAGCTGT GGTGGGGACAGAGAAGATGA 

Mouse tumor necrosis factor (TNF)-  ACGGCATGGATCTCAAAGAC GTGGGTGAGGAGCACGTAGT 

Mouse monocyte chemoattractant protein 

(MCP)-1 

GGAGCTCATGATGTGAGCAA GACCAGGCAAGGGAATTACA 

Mouse interleuikin-6 (IL-6) CCGGAGAGGAGACTTCACAG TCCACGATTTCCCAGAGAAC 

Mouse receptor-interacting kinase (RIPK)3 GGGACCTCAAGCCCTCTAAT GATCCTGATCCTGACCCTGA 

Mouse mixed lineage kinase domain-like (MLKL) GAGTTGTTGCGGCAAATCAT CACCTTCTTGTCCGTGGATT 

36B4 GCTCCAAGCAGATGCAGCA CCGGATGTGAGGCAGCAG 

 

 



Table 2. Body weight, kidney weight, and renal function in vehicle-treated mice and cisplatin-treated mice with or without Ferrostain-1 

Data represent mean ± SEM; n = 10; **P < 0.01 vs. vehicle mice, ##P < 0.01 vs. cisplatin mice. 

 

 Vehicle Cisplatin Cisplatin+Ferrostatin-1 

Initial body weight (g) 22.4 ± 0.4   23.1 ± 0.4  23.0 ± 0.2 

Post body weight (g) 23.5 ± 0.4   19.8 ± 0.4**   20.1 ± 0.3** 

Right kidney weight (mg) 134.6 ± 3.0 129.0 ± 3.0 128.5 ± 3.6 

Left kidney weight (mg) 128.1 ± 3.9 121.4 ± 3.6  117.3 ± 3.9 

BUN (mg/dl) 24.6 ± 1.46   69.9 ± 6.2**     32.5 ± 1.7**## 

Creatinine (mg/dl)  0.11 ± 0.00   0.42 ± 0.03**     0.16 ± 0.01**## 



Table 3. Body weight, kidney weight, and renal function in vehicle-treated mice and cisplatin-treated mice with or without Deferoxamine 

Data represent mean ± SEM; n = 8; *P < 0.05, **P < 0.01 vs. vehicle mice, #P < 0.05, ##P < 0.01 vs. cisplatin mice. 

 Vehicle Cisplatin Cisplatin+Deferoxamine 

Initial body weight (g) 24.0 ± 0.6   24.6 ± 0.5  24.9 ± 0.4 

Post body weight (g) 24.6 ± 0.5   21.6 ± 0.6**   22.4 ± 0.3* 

Right kidney weight (mg) 140.0 ± 4.8 135.3 ± 4.9 132.4 ± 5.5 

Left kidney weight (mg) 136.0 ± 3.9 133.4 ± 3.5  133.4 ± 3.9 

BUN (mg/dl) 24.7 ± 1.1   70.4 ± 7.8**     32.5 ± 2.1## 

Creatinine (mg/dl)  0.11 ± 0.01   0.42 ± 0.04**     0.26 ± 0.02**## 




