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Abstract

Serum thymic factor (FTS), a thymic peptide hormone, has been reported to attenuate the bleomycin-induced pulmonary injury and also

experimental pancreatitis and diabetes. In the present study, we investigated the effect of FTS on cis-diamminedichloroplatinum II

(cisplatin)-induced nephrotoxicity. We have already demonstrated that cephaloridine, a nephrotoxic antibiotic, leads to extracellular

signal-regulated protein kinase (ERK) activation in the rat kidney, which probably contributes to cephaloridine-induced renal dysfunction.

The aim of this study was to examine the effect of cisplatin on ERK activation in the rat kidney and also the effect of FTS on cisplatin-

induced nephrotoxicity in rats. In vitro treatment of LLC-PK1 cells with FTS significantly ameliorated cisplatin-induced cell injury.

Treatment of rats with intravenous cisplatin for 3 days markedly induced renal dysfunction and increased platinum contents in the kidney

cortex. An increase in pERK was detected in the nuclear fraction prepared from the rat kidney cortex from days 1 to 3 after injection of

cisplatin. FTS suppressed cisplatin-induced renal dysfunction and ERK activation in the kidney. FTS did not influence any Pt contents in

the kidney after cisplatin administration. FTS has been shown to enhance the in vivo expression of heat shock protein (HSP) 70 in the

kidney cortex. The beneficial role of FTS against cisplatin nephrotoxicity may be mediated in part by HSP70, as suggested by its up-

regulation in the kidney cortex treated with FTS alone. Our results suggest that FTS participates in protection from cisplatin-induced

nephrotoxicity by suppressing ERK activation caused by cisplatin.
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1. Introduction

cis-Diamminedichloroplatinum II (cisplatin) is one of

the most effective anti-cancer drugs, and is widely used for

the treatment of a variety of human solid tumors, including

cancers of the ovary, testis, bladder, head and neck, lung,

cervix and endometrium [1–4]. The efficacy of cisplatin is

limited, however, by its dose-limiting nephrotoxicity [5–

10]. Cisplatin is toxic to the renal proximal tubules,

especially to the S3 segments [11–13]. Evidence has been

provided that oxidative stress, DNA damage, apoptosis and

inflammation are involved in the pathogenesis of cisplatin-

induced nephrotoxicity [14–25].
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Anti-cancer platinum compounds that do not induce

renal toxicity, and replace cisplatin, have been developed

[26]. Carboplatin, a second-generation platinum-contain-

ing anti-cancer drug, is currently being used against

human cancers. However, high-dose carboplatin che-

motherapy can cause renal tubular injury in cancer

patients [27,28]. Nedaplatin, a platinum compound, has

anti-tumor activity equivalent to that of cisplatin; how-

ever, renal toxicity is relieved [29,30]. We reported the

relationship between cisplatin or nedaplatin-induced

nephrotoxicity and renal accumulation in rats [31]. In

the present, cisplatin and its analogs carboplatin and

nedaplatin arewidely used anti-tumor drugs. Themechan-

ism of nephrotoxicity from cisplatin, as a platinum com-

pound, is still worth investigating.

Serum thymic factor (FTS) is a nonapeptide thymic

hormone, which was first isolated from pig serum and
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then from the thymus [32]. FTS is secreted by thymic

epithelial cells and is involved in functional activation and

differentiation of T cells [33,34]. In addition, FTS has been

reported to exert a variety of biological activities both in

vivo and in vitro, including an immunobiological effect

[35–38] and preventive effect on experimental pancreatitis

and diabetes induced by alloxan or streptozotocin and also

myocarditis caused by the encephalomyocarditis virus in

mice [39,40]. Other studies have reported that FTS sup-

presses acute experimental allergic encephalomyelitis and

skin fibrosis during wound repair [41,42].

Heat shock proteins (HSP) are known to confer cellular

protection from a variety of insults, which include tem-

perature elevation, ischemia, anoxia and certain heavy

metal ions in both in vitro and in vivo models [43–46].

HSP70 has been shown to be present at low levels in

glomerular and tubular epithelial cells of normal rat kid-

neys [47]. It has been reported that over expressed HSP70

plays a direct role in protecting renal tubular cells against

cisplatin toxicity [48].

Mitogen-activated protein kinases (MAPKs) are impor-

tant mediators of signal transduction processes that serve to

coordinate cellular responses to a variety of extracellular

stimuli. Mammals express at least four distinctly regulated

groups of MAPKs, the extracellular signal-regulated pro-

tein kinase (ERK) 1/2, c-Jun N-terminal kinase (JNK), p38

MAP kinase and ERK5 cascades which are capable of

responding to different stimuli, such as cellular stress and

growth factors [49,50]. Cisplatin can activate the ERK,

JNK, and p38 MAP kinase pathways in various systems

including cultured tubular cells [51–55], but a specific role

for MAPKs in mediating renal dysfunction remains

unknown. Numerous studies have demonstrated that the

ERK pathway is mainly activated by a variety of growth

factors and is known to be associated with cellular pro-

liferation and differentiation [56,57]. The protective role of

suppressing the ERK pathway in cisplatin-induced renal

injury was suggested by a study that demonstrated the

pharmacological inhibition of ERK [58]. Several in vivo

studies have also shown that the ERK cascade is phos-

phorylated in the damaged brain caused by ischemia and

hypoglycemia [59,60]. However, the ERK pathway has

been known to play a role in giving a survival advantage to

cells [61,62]. The biological outcome of ERK activation

may be attributed to differences in stimuli and cell types. A

preliminary study from our laboratory has demonstrated

that FTS attenuates cephaloridine-mediated renal dysfunc-

tion by suppressing the ERK activation induced by cepha-

loridine.

In the present study, we investigated whether FTS pre-

vents the development of cisplatin-induced renal injury in

vivo and in vitro. The aim of this study was also to examine

if the protective effect of FTS treatment on cisplatin-

induced nephrotoxicity is associated with the suppression

of the ERK pathway and the enhancement HSP70 expres-

sion in rat kidney.
2. Materials and methods

2.1. Chemicals

Cisplatin was supplied by the Sigma Chemical Co. (St.

Louis, MO, USA). FTS was supplied by Carlbiotech

(Copenhagen, Denmark). Dulbecco’s Modified Eagle

Medium (D-MEM) and nutrient medium F-12 (1:1) were

purchased from Invitrogen Co. (Carlsbad, CA. USA).

Fetal bovine serum was obtained from Trace Scientific,

Ltd. (Melbourne, Australia). The anti-phospho MAP

kinase (pERK) and a-tubulin antibodies was purchased

from the Sigma Chemical Co. Antibodies specific to ERK,

HSP70 and HSP90 were from BD Transduction Labora-

tories (Lexington, KY, USA). Secondary anti-mouse IgG

(H&L, horseradish peroxidase-linked) was from Amer-

sham Pharmacia Biotech (NJ, USA). Protease inhibitor

was purchased from Nacalai Tesque, Inc. (Kyoto, Japan).

All other chemicals used were of the highest purity

available (Wako Pure Chemical Industries, Ltd., Osaka,

Japan).

2.2. Cell culture

LLC-PK1 cells, a cultured renal epithelial cell line

derived from the porcine kidney, were cultured in Dulbec-

co’s Modified Eagle Medium containing nutrient mixture

F-12 (D-MEM/F-12) supplemented with 5% fetal bovine

serum (FBS) in a humidified atmosphere of 95% air and

5% CO2 at 378 for 4 days. Two hours after the cells being

fed fresh medium without FBS on the fourth day, cisplatin

was added to the fresh medium.

2.3. Determination of cell injury

The index of renal cell injury was lactate dehydrogenase

(LDH) leakage from the cells into the medium. The

medium containing the cells was centrifuged at 48 and

3000 rpm for 10 min to isolate the supernatant. Thereafter,

the precipitating cells were fused with 1% Triton X-100,

and ultrasonic treatment was performed for 15 s to homo-

genize the cell suspension. We measured LDH activity in

the supernatant and cell suspension using a commercial kit

(Wako Pure Chemical Industries, Ltd.) and calculated the

rate at which LDH was released from the cells to the

medium as an index of cell injury. LDH release was

calculated as follows:

LDH release ð%Þ ¼ ½LDHactivities of themedium=

total ðmedium and cellÞLDH activities� � 100

2.4. Cisplatin-induced nephrotoxicity in rats

Sprague–Dawley rats were used in all experiments.

They were the progeny of rats obtained from the SLC,
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Inc. Shizuoka, Japan) and were maintained in the central

animal facility of our university. The animals were pro-

vided with a commercial diet and water ad libitum under

temperature-, humidity- and lighting-controlled condi-

tions (22 � 28, 55 � 5% and a 12-h light:12-h dark cycle,

respectively). Six-week-old male rats received a single

intravenous injection of 5 mg/kg cisplatin. On days 1 and 0

before cisplatin administration, FTS was injected intra-

venously via the tail vein. The animals were sacrificed

under pentobarbital anesthesia (50 mg/kg, i.p.), and their

kidneys were removed on days 1–3 after the injections.

Blood samples were drawn from the abdominal aorta after

the above days of cisplatin treatment. Urine was collected

into bottles on ice after cisplatin treatment by placing the

rats in metabolic cages for 18 h. These samples were used

to measure serum creatinine, blood urea nitrogen (BUN)

and urinary glucose, N-acetyl-b-D-glucosamidase (NAG)

and protein levels by a colorimetric method using a

spectrophotometer.

2.5. Platinum contents as an index of cisplatin

accumulation in the renal cortex

On days 1–3, kidney tissue accumulations of cisplatin

were investigated by atomic absorption analysis, regarding

the platinum contents of the renal cortex as the drug level.

The renal cortex (100 mg) was placed in a dryer at 1008
overnight, and kept in 1 ml of 61% HNO3. Platinum levels

were quantified by flameless atomic absorption spectro-

metry (Solaar A-880, Jarrell-Ash). The platinum standard

solution (Wako Pure Chemical Industries, Ltd.) included

equivalent amounts of HNO3.

2.6. Preparation of the nuclear fraction

Nuclear fractions were prepared from the kidney cortex

of rats treated with cisplatin and FTS by a modification of

the method of Dignam et al. [63]. Kidneys were rapidly

placed in ice-cold hypotonic buffer, which consisted of

10 mM HEPES (pH 7.6), 15 mM KCl, 2 mM MgCl2,

0.1 mM EDTA, 1 mM dithiothreitol and 0.2% Nonidet

P-40 with protease inhibitors (1 mM phenylmethylsulfo-

nyl fluoride, 1 mg/ml aprotinin, 1 mg/ml leupeptin and

1 mg/ml pepstatin) to prevent proteolysis and/or depho-

sphorylation. The kidneys were homogenized at 08 in a

glass homogenizer and centrifuged at 850 � g for 10 min

at 48. The resultant pellets were suspended in hypotonic

buffer, and recentrifuged at 850 � g for 10 min at 48. The
nuclear pellet was disrupted in hypertonic buffer, which

consisted of 25 mM HEPES (pH 8.0), 50 mM KCl,

0.1 mM EDTA, 1 mM dithiothreitol, 10% glycerol,

0.4 M NaCl and protease inhibitors, for 30 min on ice

for use as the nuclear fraction and recentrifuged at

18,000 � g for 15 min at 48. Its supernatant was used as

the soluble nuclei fraction and for Western blot analysis.

The PIERCE protein estimation kit was used to determine
the protein concentration with bovine serum albumin as

the standard.

2.7. Determination of ERK phosphorylation in the

nuclear fraction by Western blotting analysis

Equal amounts of the soluble nuclear protein (10 mg

protein) in the above fraction were separated by 10% SDS-

polyacrylamide gel electrophoresis (SDS-PAGE). The pro-

teins were transferred to nitrocellulose membranes using a

semi-dry blotting system. The membranes were blocked

with 3% bovine serum albumin (BSA) in buffer containing

50 mMTris–HCl (pH 7.5), 150 mMNaCl and 0.1% Tween

20 (TBST) overnight at 48, and then incubated with the

primary antibody specific against phospho-ERK (pERK) in

1% BSA–TBST for 30 min at 378. The membranes were

washed three times in TBST to remove unbound antibodies

and then incubated with a horseradish peroxidase-conju-

gated secondary antibody in 1% TBST for 30 min at 378.
Enhanced chemiluminescence (ECL) Western blotting

detection reagents (Amersham Pharmacia Biotech, NJ,

USA) were used to detect the immunoreactive bands of

pERK.

2.8. Determination of HSP70 and HSP90 expression

levels in the kidney cortex by Western blotting analysis

Cortical tissues were homogenized in ice-cold mamma-

lian tissue lysis/extraction reagent (CelLytic-MT) (Sigma

Chemical Co.) supplemented with protease inhibitor cock-

tail (Nacalai, Tesque), followed by centrifugation at

18,000 � g for 30 min. The supernatant was collected,

and the protein concentration was measured by the PIERCE

protein estimation kit. Equal amounts of homogenate pro-

tein were separated by 10% SDS-PAGE gel electrophoresis

under reducing conditions. The separated proteins were

electrotransferred to nitrocellulose membranes (Amersham

International, Buckingham, UK). The membranes were

blocked with 5% skimmed milk in phosphate-buffered

saline containing 1% Tween 20 (PBS-T) overnight at 48,
and then incubated with the primary antibody specific

against the anti-HSP70 or anti-HSP90 for 30 min at 378.
After extensive washing with PBS-T, the bound antibodies

were detected with a horseradish peroxidase-conjugated

secondary antibody in 1% PBS-T for 30 min at 378. ECL
Western blotting detection reagents were used to detect the

immunoreactive bands of HSP70 and HSP90.

2.9. Statistical analysis

All numerical data are presented as means � S.E.M.

One-way ANOVA followed by Scheffe’s test was used to

determine differences between more than two groups for

all continuous parameters while the Student’s t-test was

used for two group data. The significance level was set at

P < 0.05 for all tests.
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Fig. 2. Effects of serum thymic factor, FTS (200 mg/kg, i.v.), on blood urea

nitrogen (BUN) (A) and plasma creatinine (B) in rats 3 days after one i.v.

injection of cisplatin (CDDP, 5 mg/kg). Each value represents the mean

� S.E.M. *P < 0.01, compared with the control; ##P < 0.01; #P < 0.05,

compared with ‘‘CDDP’’.
3. Results

3.1. Effect of FTS on cisplatin-induced renal cell

injury in LLC-PK1 cells

To investigate whether FTS prevents cisplatin-induced

cell injury, LDH leakagewas examined as an index of renal

cell injury. LLC-PK1 cells were treated with cisplatin at a

concentration of 30 mM for 24 h. Cisplatin markedly

increased LDH leakage from the cells after 24 h of expo-

sure. LLC-PK1 cells were treated with various concentra-

tions of FTS 2 h before exposure to 30 mM cisplatin for

24 h, and LDH leakage was determined after the culture for

24 h. FTS at 0.1 and 10 nM ameliorated the cisplatin-

induced increase in LDH leakage (Fig. 1). These results

indicated that FTS significantly attenuated cisplatin-

induced renal cell injury.

3.2. Effect of FTS on cisplatin-induced renal

dysfunction

Next, in vivo experiments were carried out using rats

treated with the dose of cisplatin (5 mg/kg body weight) in

the basis of above in vitro findings. Cisplatin treatment of

rats caused the prominent increases in BUN and plasma

creatinine after day 3 in cisplatin-treated rats (Fig. 2A and

B). In addition, the urinary excretion rates of glucose, NAG

and protein were remarkably higher in cisplatin-adminis-

tered rats compared with normal controls (Fig. 3A–C).

The effect of FTS on the above indices caused by

cisplatin was investigated in cisplatin-treated rats. Pretreat-

ment with FTS (200 mg/kg, i.v.) on days 1 and 0 before

cisplatin injections significantly decreased cisplatin-

induced increases in BUN and plasma creatinine levels

(Fig. 2A and B). No significant differences in BUN and

plasma creatinine levels were observed after the injection

of FTS alone. Treatment of rats with FTS also prevented

the increases in glucose, NAG and protein levels in urinary
Fig. 1. Effect of serum thymic factor, FTS, on cisplatin (CDDP)-induced

renal cell injury. LLC-PK1 cells were cultured in the medium with 30 mM

CDDP at 378 for 24 h. Each value represents the mean � S.E.M. of three

experiments. *P < 0.01, compared with the control; ##P < 0.01; #P < 0.05,

compared with ‘‘CDDP’’.
excretion (Fig. 3A–C). None of the changes were signifi-

cantly different from those observed in rats given FTS

alone.

3.3. Effect of FTS on cisplatin accumulation in the rat

renal cortex

We investigated whether FTS inhibits nephrotoxicity by

reducing the amount of platinum retained by the kidney as

an index of renal accumulation of cisplatin. The platinum

concentrations in the kidney cortex of cisplatin-treated rats

were determined by graphite furnace atomic absorption

spectroscopy. Kidney cortices from rats 3 days after treat-

ment were analyzed for their platinum contents. Platinum

levels in the kidney cortex were no significant differences

in CDPP-treated rats (8.0 � 0.2 mg/g wet weight) and

CDDP and FTS-treated rats (8.3 � 0.3 mg/g wet weight).

Treatment with FTS did not affect the concentration of

platinum in the kidney cortex.

3.4. ERK activation in the kidney cortex of cisplatin-

treated rats

Rats treated intravenously with a single dose of 5 mg/kg

cisplatin were sacrificed 1, 2 or 3 days after treatment. The

phosphorylation status of ERK was determined byWestern

blotting. Our results showed that ERK was activated by

cisplatin compared with the control rat kidney (Fig. 4). The
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Fig. 3. Effects of serum thymic factor, FTS (200 mg/kg, i.v.), on urinary excretion of glucose (A),N-acetyl-b-D-glucosamidase (NAG) (B) and protein (C) in rats

3 days after one i.v. injection of cisplatin (CDDP, 5 mg/kg). Each value represents the mean � S.E.M. *P < 0.01, compared with the control; ##P < 0.01;
#P < 0.05, compared with ‘‘CDDP’’.
activation was sustained during the observation period and

preceded the development of renal dysfunction (Fig. 4).

3.5. Effect of FTS on cisplatin-induced ERK

phosphorylation in the nuclei

To investigate the effect of FTS on cisplatin-mediated

ERK phosphorylation, nuclear fractions prepared from

the kidney cortex of rats treated with cisplatin were

subjected to Western blotting with anti-phospho ERK.

The phosphorylation of ERK was clearly observed

in nuclei prepared from the kidney cortex of rats on

days 1–3 after cisplatin administration. FTS significantly

suppressed the cisplatin-induced increase in phosphory-

lated ERK during the observation period in the nuclei

(Fig. 4).

3.6. FTS induces an increase in HSP70 expression in

the kidney cortex

HSP70 and HSP90 were presented at low levels in the

cortex of both control and cisplatin-treated rat kidneys

(Fig. 5). Three days after the FTS treatment, expression of

HSP70 was markedly observed in the kidney cortex pre-

pared not only from rats treated with cisplatin and FTS but

also from rats treated with FTS alone (Fig. 5A and B),

although, on the contrary, there was no significant induc-

tion of HSP90 (Fig. 5C and D).
4. Discussion

This study investigated the effect of FTS on cisplatin-

induced renal injury in vivo and in vitro. Some studies have

reported that FTS prevents experimental pancreatitis and

diabetes induced by alloxan or streptozotocin [39,40].

Previous reports have also shown that FTS prevents bleo-

mycin-induced pulmonary fibrosis [64]. However, the

exact mechanisms by which FTS protects against tissue

injury are still unknown. While preliminary, results

obtained with FTS indicated that it attenuates cephalor-

idine-mediated renal dysfunction by suppressing the ERK

activation induced by cephaloridine. We hypothesize that

FTS, having a variety of biological activities, might modify

tissue injury, and possibly attenuate cisplatin-induced

nephrotoxicity. In the present study, the administration

of FTS markedly attenuated cisplatin-induced renal dys-

function in rats. The data in this study reveal that pretreat-

ment with FTS does not block the uptake of platinum into

the kidney, nor does FTS reduce the concentration of

platinum retained by the kidney. We also showed that

the treatment of LLC-PK1 with FTS in vitro significantly

ameliorated cisplatin-induced cell injury. From the present

data, it is clear that FTS attenuates cisplatin-mediated renal

cell injury and nephrotoxicity.

In many kinds of cells, several studies have indicated

that MAPK activation and ERK are involved in cell pro-

liferation and survival [56,57]. However, previous studies
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Fig. 4. Effect of serum thymic factor, FTS (200 mg/kg, i.v.), on cisplatin (CDDP)-induced phosphorylation of ERK in the nuclei prepared from the kidney

cortex of rats treated with CDDP on day 1 (A), day 2 (B) and day 3 (C). The phosphorylated ERK (pERK) and total ERK bands were detected by Western blot

analysis using each specific antibody against pERK1/2 and total ERK1/2 and were quantitated by densitometric scanning. Blots are representative of three

similar experiments. *P < 0.01, compared with the control; #P < 0.01, compared with ‘‘CDDP’’.
from our laboratory demonstrate a crucial role of ERK

activation in cephaloridine-induced renal cell injury [65].

The importance of ERK activation, which results in renal

cell damage, has been illustrated by the observation that

MEK inhibitors ameliorate cephaloridine-induced renal

cell injury and ERK activation in rat renal cortical slices

[65]. Matsunaga et al. suggested the involvement of ERK

activation in zinc-related renal cell injury [66]. Jo et al.

have observed that an MEK inhibitor, U0126, effectively

attenuates cisplatin-induced renal injury [58]. Our present

findings, considered together with those mentioned above,

indicate the involvement of ERK activation in cisplatin-

induced nephrotoxicity.

The exact mechanisms by which the cisplatin induces

renal dysfunction only occurred after 3 days already the

pERK is elevated earlier remain to be clarified. After the

cisplatin injection pERK was elevated earlier at day 1,

while renal dysfunction only occurred after 3 days. In this

study, pretreatment with FTS on days 1 and 0 before
cisplatin injections significantly ameliorated renal dys-

function caused by cisplatin, and FTS suppressed the

cisplatin-induced ERK activation. We have gotten data

that post-treatment with FTS on days 1 and 2 after cisplatin

injections did not affect not only the cisplatin-induced

nephrotoxicity but also rapid ERK activation in the kidney

cortex. It has been reported that the gradually increased and

sustained ERK activation mediates the signal transduction

pathways responsible for the renal regeneration [67]. We

hypothesize that ERK activation, which elevated earlier are

involved in the cisplatin-induced renal damage. While

further studies are required to characterize the role of

ERK activation involved in the pathogenesis of acute renal

failure.

It has been reported that inhibition of ERK activity

enhances sensitivity to cisplatin cytotoxicity in ovarian

cancer cell line [68]. It has also shown that ERK signal

cascades may play a considerable role in cisplatin resis-

tance in squamous cell carcinoma [69]. Cisplatin activates
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Fig. 5. Effects of serum thymic factor, FTS (200 mg/kg, i.v.), on heat shock protein (HSP) 70 and HSP90 expressions in the kidney cortex 3 days after treating

rats with FTS. The HSP70 and HSP90 bands wereWestern blot analysis using each specific antibody against HSP70 (A) and HSP90 (C) and were quantitated by

densitometric scanning (B and D). Blots are representative of three similar experiments. *P < 0.01, compared with the control; #P < 0.01, compared with

‘‘CDDP’’.
apoptosis signals in addition to survival signal pathway via

ERK signaling pathway in various cell types. The biolo-

gical outcome of ERK activation, resulting in the induction

of apoptosis or cell survival, attributed to differences in cell

types, that is, the tumor cells or normal cells. We hypothe-

size that FTS may reduce the nephrotoxicity would not

reduce the anti-tumor effect of the drug at the same time. In

a further study, we will try to investigate FTS, suppressing

the activation of the ERK signaling pathway induced by

cisplatin, make it clinically effective for the anti-tumor

therapy.

In the present study, the data indicated that treatment

with FTS stimulated the expression of HSP70 in the

kidney cortex. HSPs are highly conserved proteins that

are expressed in both physiological and pathological

conditions. HSPs are classified on the basis of their

molecular weight and the 70 kDa proteins, referred to

collectively as the HSP70 family, represent the most

prominent group [70–72]. Members of the HSP70 family

have been identified in protecting against cellular damage

from stressful stimuli by acting as chaperone molecules,

binding to and preventing the aggregation of denatured or

abnormal proteins, and facilitating the restoration of nor-

mal protein function. The present findings indicate that

increases in HSP70 levels in the kidney by FTS admin-

istration are probably reno-protective, and would serve as

a mechanism of FTS’s cytoprotection in cisplatin nephro-

toxicity.

It is not known whether there are FTS receptors on the

kidney. It has been reported that there are FTS receptors

like on human lymphoblastoid T cells [73]. It remains to be

clarified the receptors for FTS on the proximal tubule cells.

Our preliminary experiments have shown that FTS inhi-
bites the cisplatin-induced increase in the ERK activation,

and FTS induces HSP70 expression in the LLC-PK1 cells,

suggesting the direct effect of FTS on the kidney. It is not

definite that whether FTS has secondary effect on the

kidneys be mediated by the immune system in vivo in this

study. The role of the inflammatory mechanism in renal

damage induced by cisplatin became available very

recently [74,75]. These effects of cisplatin may make

the damage worse. FTS is a multifunctional thymic hor-

mone that regulates a variety of biological activities both in

vivo and in vitro, including an immunobiological effect

[27–32]. It is still speculative that FTS might modify renal

damage by having not only direct but also secondary effect

on the kidney.

In conclusion, this study demonstrated that cisplatin-

induced renal injury is mediated by the activation of the

ERK signaling pathway, although further studies are

required to characterize the exact mechanisms by which

ERK activation causes renal dysfunction. Moreover, we

demonstrated that FTS significantly ameliorated cisplatin-

induced renal damage and sustained ERK activation in the

kidney. These results suggest that FTS participates in

protection from cisplatin-mediated nephrotoxicity, at least

in part, by suppressing the activation of the ERK signaling

pathway induced by cisplatin and also by inducing the

increased level of HSP70 in rat kidney.
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