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The Effects of Pro-inflammatory Cytokines by Cisplatin on the Death of Sensory Hair Cells.
Jeong-Han Lee, Channy Park and Raekil Park*. Department of Microbiology & Vestibulocochlear Research
Center, Wonkwang University College of Medicine 344-2 Shinyong-dong Iksan, Jeonbuk 570-749, Korea -
Cisplatin (cis-diamminedichloroplatinum IT: CDDP) is the most widely used anticancer drug against
a variety of human neoplasms. However, its clinical use is limited by the onset of severe side effects,
including ototoxicity and nephrotoxicity. Even though a number of evidences in cytotoxic mechanism
of cisplatin have been suggested, the role of pro-inflammatory cytokines in cisplatin cytotoxicity of
auditory cells has not yet been demonstrated. Herein our data clearly demonstrated that cisplatin de-
creased the viability of HEI-OC1 auditory cells, which was inhibited by the addition of neutralizing
anti-TNF-a, anti-IL-1p and anti-IL-6 antibodies. Consistently, Neutralization with antibodies against
pro-inflammatory cytokines ameliorated the cell death and disarrangement of cochlea hair cell layers
in the rat primary cochlear explants which were treated with cisplatin. Furthermore, exogeneous sup-
plementation with free radical scavengers, including GSH and NAC, significantly prevented the cyto-
toxicity of cisplatin in the rat primary cochlea explants. We also observed that TNF-¢ was predom-
inantly expressed in Deiters and Hensen's cells located in hair cell zone of cisplatin-treated cochlear
explants. These findings suggest that pro-inflammatory cytokines, including TNF-a, IL-18 and IL-6,
may play a pivotal role in the pathophysiology of hair cell damages caused by ototoxic drug cisplatin.
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Cisplatin (cis-diamminedichloroplatinum [I: CDDP)&
gt o] A5 e AMEHI e /83 A Lo
T EFstn JAFHoE o|d(tinnitus), 31Fu HHEA
(high frequency hearing loss) @ Y 7+4 59 A7)+
&7 A=A 59 FFEL&E FAH5]. Cisplatind] 9]
g o5 Z2EU|BY F HZARFEAHXE(outer hair
cell; OHC)9] &4 71918 t}H1,13,21]. &3] cisplating A
¥ ol DNA adduct FA4[9,11]7} B444F AIH & &
E3t9l6, 20] HF2o2 ZzZt FEAEY MNEAEA
(apoptosis)} Al 3 3 Al(necrosis) & Z & 3tt}. Cisplatin®] A
EEA] 7R A A cisplating®] o]l 5AH A=A
9 FEES ditd £ Qe gokgt FEEA d4ty) A
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glandin E2 (PG-E2), lysosomal enzyme, % free radical &
ok QA 45 &G &gt o|AZTHIY. dFA Al
o] E7}Ql(pro-inflammatory cytokine)$! interleukin-1§ (IL-1
B)S} tumor necrosis factor-alpha (TNF-0)= 3579 EA
3ot dF FHE o5& sy, IL-1p= PGE2 A4
g HguteS F&ste TNFos &7 gFur39 F4
A= 283t AA4HsHd A (Nitric Oxide: NO) 2 super-
oxide anion 59 A& FE3IH}HS].

TNFot A 954 AlEAN2A g2 A
S o ga FA o multiple sclerosis?t & F3A1 A
e 954 g2 dE(inflammatory demyelinating dis-
eases)= e T8 A= LA ok FFAEA W
o =8 WA ¥(glial cells)?! astrocytes TNF-¢ ZHAl-S E 3§}
& olg AlolEARlo] Wesel TNFog 44, Bulgoz
N A YAz AH &gty EI Nuclear fac-
tor-kappa B (NF-kB)= Al U] A5dgE st A
A2 A o cytokine 329 promotor ¥-9o] Z g3}
E549 Aol &7 chemokine A+ LE S gt}
2y AF7HA cisplatind] 9| o] Ao EFHH-EY F
L4 g A7 A9 fle 2Aoln.

B ALF e HZHEF HEFOCIAH EZ 9} neonatal rat
cochlear explant®] #jj ol A cisplatine] &}gF AZM L &4
Z17& B3]7] feted, €54 Al EAHIS £814 o) F AL
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phgos 9718 Z2E BN §2E FAHAEF HEL
OCl+= ©v)= House Ear Institute (Los Angeles, CA, USA)9]
Kalinec WMAHI0]2 38 2oburel A@o) ALgahslch

Sprague-Dawley rat
Sprague-Dawley rat2 thEMo| AL (WH)ANA A3 2
oS Fokitol Adlo A&t

Al

SHold8 A trypsing GIBCO BRL (Grand Island, NY,
USA), 354 =48 9 well plate, vjdE7] 12 well
plate, 24 well plate Z12]1 10 cm dishi= FalconA}(Becton
Dickinson, San Jose, CA, USA.), Dulbecco’s Modified Eagle
Medium (DMEM), Phalloidin-TRITC, Basal Medium Eagal
(BME), dimethyl sulfoxide (DMSO), Cisplatin, 3-[4,5-dime-
thylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) %
Collagen (Type I, from rat tail)2 SigmarHSt. Louis,
Missouri, USA.), anti-TNFq, anti-IL-1, anti-IL-6, A}o] E7}
A(TNF-q, IL-1B, IL-6), RNAlater B pro-inflammatory cyto-
kine assay kit R&D system (Minnepolis, USA.)9] #|&F&
AHE-3H T

MIZE HH S

HEI-OC1 A% & CO; Al 3] F7](33°C, 5% COr)ollA] 3
A H7F Lol 10% -8 o} (FBS)o] £¢-d DMEMo 2
gjekslg o, 239 Ao 2 At wldsly log phasedi
AE AEE AFo) AL3190.

MEMEE £H

AXYESES MIT Wyos Z339c AXE0
cells/ml)= A E vjgst 24 well plated] 1 ml¥ EF3ho] 12
AZE o] COy A E w7l A FAAZ &, 22| 249
el A EE ATt 2ol gty vt & ZHzte) well
of MIT €9(5 mg/ml in PBS)S ufkel R 3]9 1/10
o] HEE 73T §HE 413t & AF A S A At vt
gl 238 B84 Bt formazang 3] dx A7
t}. 500 ple} DMSOZ 814170 Fol 100 wlE 96 well plate
of @o] ¥33 = A(ELISA reader, Molecular Devices Co.
Sunnyvale, CA, USA)E ©]-&3} 595 nm FA A FF
£ FA5A0 NZAEES AN U2 vluste YE
(%) E FA|SRT
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% clean bench
1.
R

Fz g &
=9 3 4590, dE FARE Salo] F/)2e AW
511 bullar® =% A7 ¥ AAA5E AH Fo 99

L

713 sttt 57139 vl Y2 collagen®. 2 HE S
coverslip2 o] &3t} B A, coverslips €IZEE A=
Al 12 well plateol] 231, Type [ rat-tail collagen (3.76 mg
/ml in 0.02 N acetic acid), 10x basal medium Eagle (BME)
18] 2% sodium carbonateE 9:1:1¢] H|EE £3}8d
coverslipol| 15 pl# B33}, A& o|A 158 §H-8-5l colla-
gen matrix7} &AW mediagE H7}et T 5713 oAl A
F2st Z2E 7] base, middle, apex9] A FEOE F
Faton o] dgolA = basal turnihg A3 ARE-8E]
t}. Z2E 7|3 basal turne 12 well plate] coverslipo] #
25 & COy AIE v 7)ol A wfFst ATt

g4 AlO|E712] EH| &3

Cisplatinel] &JgF G54 AlO|EFIQIY A4 30 uMY
cisplating A3l A ZujF FF YoM pro-inflammatory
cytokine assay kit (R&D System Inc., Minneopolis, USA)&
o] 8-3}o] ELISA W] & TNF-u, IL-1B, & IL-69] Alo] EF]
e AFshgo

Total RNAY =22l

#lof MEZ5E total RNAS] 28)E TRIzol®S 0] 43519
o MEX= Y Al Ad42 AZ st 1.5 ml microtube®E &
71 % 3,000 rpmol M 5E YHEESY, FHEIS 1 ml
TRIzol® 2 £38)A)7) &, 200 ul chloroform& #7}5tad 4°Co)
A 2087 AR 3T A 2-& microtubedl] &71 AHZ
& 229 isopropanol®} E§sle] 4°CollA 308 ¥Hga}o]
13,000 rpm, 4°Coll A 20E-7F A E2)3te] LA EL 80% of
B22 A Fsgth A% 3 RNAE 2% & DEPCE A 88}
o] RNase Aol AAH ZF52 &3 A1Z T Total RNAY
S AF3sl7] Y3kl Nano drop (Nano Drop Technologies
Inc,, USA)S o] &-3}o] 2|59 total RNAS) %S AaFstgt.

AR (RT-PCR)  37] #Hshod
cDNAE Wz ATt cDNAE= 2 pg total RNAS}
Reverse Transcriptase (Superscript II, Invitrogen, USA)&
o] &3t FgatTh Total RNAS 70°Coll A 108 HAF
F 4CIM FAHAt GHA W) 2P DNAY
< total RNA (2 pg), 1 pl oligo d (T), 2 ul ANTP (10 mM),
2 pl Superscript II reverse transcriptase (5 U/pl), DTT (10
mM), ¥ RNasin (1 pl)& HZLHO=Z 20 pl ¢45-8A(50



544 BB 2R|X| 2008, Vol. 18. No. 4

mM Tris-Cl pH 83, 75 mM KCl, 3 mM MgCh)3#} &35l
42°Coll A 602 HF3-A|ZTE (DNAE 1/100.2 3438t
RT-PCRe| AHGatgom 53 444 322 9% 3¢
A HHS-(RT-PCR) 2 pl cDNA, 2 pl GHA} €k-g-H, 2 pl
dNTP (2.5 mM), 2.5 pl sense $} antisense primer (1.1 uM),
Taq DNA polymerase (0.6 U; TAKARA)7} 372 &HF 30
ul ¥F2-A(20 mM Tris-Cl pH 8.0, 100 mM KCl, 0.1 mM
EDTA, 1 mM DTT)S o] &35ttt o] w) AM&3 2 /A4
1ezAL e

o] o3l sense ¥ antisense primer 4| € % ¥

3 2},

Primer Sequences
1. TNF-a

5-CAG GGG CCA CCA CGC TCT TC-¥
5-CTT GGG GCA GGG GCT CTT GACH

2. IL-1
5-TCA TGG GAT GAT GAT GAT AAC CIG CT-3
5-CCC ATA CIT TAG GAA GAC AGG GAT TT-3

3. IL-6
5-TTG CCT TCT TGG GAC TGA TGC-¥
5-TTG GAA ATT GGG GTA GGA AGG A-3

Phalloidin &

gl 3k cochlear explant= AleF 8] %, 4% paraf-
ormaldehydeg 308 &St AIAgSs2 A3 %
0.1% Triton X-1002.2 5& A2 A ¥l5-3tF . TRITC-la-
beled phalloidin (Sigma P1951, 1:4,000) 0. & 304 420 A
933t & PBSE 33] MHslay BE AFste PP AL
2 #Esud

Immunocytochemistry

v &F ¥ cochlear explantE PBSZ 3¥ A& s}o] 4% paraf-
ormaldehydeZ 30% 143 & PBSE A% &} 4t}. Blocking
solution (100 pl of normal goat serum, 5 pul of 10% Triton
X-100 2 895 ul of PBS)o| 2A|7F AoA 4F3-3l% .
Cochlear explant:= 12} A anti-TNF-u (2 pl goat anti
TNF-o antibody, 2 pl Triton X-100 (10%), 6 pl normal goat
serum, 190 pl PBS)E 4°Col|A 1247t wk-g-3}5 ). o] 7 A
= PBSZ 39 ¥ Zo] 23 7<) anti-goat [gG FITC
(1 pl FITC-labeled phalloidin, 12 pl normal goat serum, 4
ul Triton X-100 (10%) and 383 ul PBS)9} AH&o) 4 90& t
$stal, PBSE 247} 108 3W AlFst it HFH oz HA
= 50% glycering ©] -3} slideo] mountingdt 2ol 334
HulHdo s #@AsRt BQF A5 HA & Phalloidin-
TRITCS} DAPIE &Al9l |43t

SA AN

A E A 3 o]y =1A AFAHe|Y, ofF
o] ¥ (mean)3} F=HA}(standard deviation, SD)E A&
st 2ae EAFYT AP AT SAR el Student's
t-test®} One-way ANOVA B A& Esle Hzstgon
pvalue7t )2 0.05(p<0.05) mjTHel AL Soj8 Ao
SRS

2 1

CisplatinOl #ZM|ZzF HEI-OC1 MIZME=0| O|X|=
At

Cisplatind]] o3 HEI-OCIAM|3E 9] MEXAS ZA}SH|
A3t ookt w59 cisplating 244 7F X 2] 3 MTT ¥y
0.2 NEREES S8t 1 27 cisplatin® 10 uM 9
FEAA ok 17%, 20 pMe] FZolA ¢ 50% 9 X £3&
fTEstd AP & EAHA MEEHE YEPRG(Fg.
1A). =3 A ZAYEEL 20 pM cisplating thFst A 7F A2
g 734 e 18417 -RE ZAstr] AFete] A7 244
7 B HAS 72 oF 50%9 AZAELS e
(Flg. 1B). o]4te] ZAFo)A cisplatind] &3 ME=ZAL
HEI-OCIA Zo| A #& 2 A gJEHOZ F713HE #F
& 4 AATh £ 20 M F =9 cisplating 24A|7H7t2] A
21§ & A7t ME HFA Ate] E7FQ] mRNA 23 wHsl=
RT-PCR ¥oz ZAs4th €54 Ato|E7HQ! TNF-,
[L-1p 2 IL-69] mRNA+ cisplatin A& 12A) 7o) #2 &
T ARe, Ay Azt vlEste B Y] SR 1
gL} o] & Alo]EFIRIS] HE A]7]= AR|EFFIY F 9l
w2t x}ol 7} AJTHEER A,

ASHM AIOIEZIC! E&(neutralization)Ol 2|8t cisplatin
HE=M ojd 53}

Cisplatind] ¢JajAx] AAH GZAH Alo|EFQY 7)5S
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Fig. 1. Cisplatin decreased the viability of HEI-OC1 cells in a
dose- and time-dependent manner. Cells were treated
with various dose of cisplatin (CDDP) for 24 hr (A) and
with 20 M cisplatin for 30 hr (B). Cell viability was
measured by MTT assay. The data represents the mean+
S.D. from independent triplicates. *p<0.05, **p<0.01



gtols}7] 9)8ke] HELOCIA 29 anti-TNF-t, anti1L-1p 2
anti-IL-6 &4 1.5 pg/mlz} 20 pM cisplating 24A| 7+ #] &) gt
. OAZIAELS MIT wyo ZASIQAuFig 2).
Anti-TNF-o g4 9] AA g« cisplatin AT 54 o 4}std]
M EAYEE0| cisplatin B= A& F9 50% FF 4 70% 2
Z7Fla . 18y anti-IL-18 2 anti-IL-6 349 AA e
cisplatinol] ¢}8 HEI-OC1 Y 7Z}H £9] HE S 3] Ho] {23
M312 LehlA) QS B9, oE A4 AloEAI BE
£ 3% & Y= anti-TNF-q, anti-IL-1p 2 anti-IL-6 Q}Zﬂ
E A AT AP cisplatin N EEA A=

antiTNFo A% B A423 4823 498 2ol
A Qg o4 2RAN 954 AEA TNFark
cisplatine] 9|3t FZHAE &4 F23 QAE FLsn
Urs 4T 4 Ak

CisplatinO| SE IZ2E|7|2C
0jX|= F&

HE HZt7)Hol A cisplatind] <3 @FA Ale]E7}Q]
e I3 At GE 9o A By vl % cochle-
ar explantd]| cisplating et & TNF-¢, IL-1f & IL-6 &
Hl S ELISA W o 2 zA}s4ct. Cisplatin 30 pME 304
AR AE Qo2 RE G54 Aol EFMS A #aect
(Fig. 3). Cisplatin H2)& HE ZZE 7@ =4 Ao)E
7+Ql TNF-u, IL-1p % [L-6 BH] & AA 3] F71A )7L S

5 A0
I
|
l

HEH AMOIE7I2! 2H|of

oL
=

Viability (% of control)
%

Anti-TNF-a +
Anti-IL-1B - - - + +
Anti-IL-6 +
CDDP - + + + +

Fig. 2. Neutralization of TNF-¢ by pretreatment of anti-TNF-a
antibody attenuated the cytotoxicity of cisplatin in
HEI-OCI cells. Cells were pretreated with 1.5 pg/ml of
monoclonal antibodies against pro-inflammatory cyto-
kines, including TNF-o, IL-1p and IL-6, and then fol-
lowed by the addition of 20 uM cisplatin for 24 hr. Cell
viability was measured by MTT assay. Data represents

the meantS.D. of three independent experiments.
*p<0.05, **p<0.01
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Fig. 3. Treatment with cisplatin resulted in an increase of the
release of pro-inflammatory cytokine from the rat or-
gan of Corti. The organ of Corti from day 2 neonatal
rat was isolated and treated with 30 pM cisplatin for 30
hr. Then, the secretion of pro-inflammatory cytokines,
including TNF-q, IL-1B and IL-6, was determined from
culture supernatants by using ELISA kit. *p<0.05,
*p<0.01

Cisplatin 2 4Z4 MOIE310l0] HZME 2A0 Djxis
g%k

424 AolEelo] AT vlAE A9 JoFS
ZAFs7] 935te, P EA R jt organ of Corti H] %<
TNE-o, IL-1p 2 IL-6 5& *8 & H M X 9] stereocilia
o] Agste phalloidin-TRITC G218 Alsi3tgct AAF %
A& M 29 o= FA4F A E(outer hair cell)9} 3 =]
WZ A 7424 E(inner hair cell) ¥j g g o] F o)A glo},
30 uM cisplatin A2l ZAZFEAE &4 23t A ¥
g ol g st BE 934 AlolE712l TNF-o
(200 ng/ml), IL-18 (200 ng/ml) & IL-6 (200 ng/ml)-S z}7}
A dPToME cisplatin X ZAF A {5
AE Ee FAE 2 SHT ol Al EFA Al EF
ol HE&Ad e AsAAE YA 0 48 J2 417
ME £4& 289 HFig. 4A). Fig. 4B 2} A3 7ol A
o= A% 34 FHIAN FAREHEY F2 FF3}5}
o JYPZE FAFA

HEA AIOIETIQ F8}(neutralization)7} cisplatindil
o|st FZE|7|Z FAFEME 240 O|Xs &3

54 Aol E7}Ql o] cisplatine] 93 Z2¥]7|H A&
AE &4 vAe &38 2ASH7] 98] TNF-o, IL-1
2 IL-60 th3k S8 AE A A &, phalloidin-TRITC
%4‘4% A1yt th. Cisplatin (30 uM) A& & J 42X
stereocilia £4-% 23}, cisplatinel] 93] 3}3d 9= ¢
s A4REAE WS anti-TNF-o (1.5 ug/ml), an-
t-IL-1 (15 pg/ml) 2 anti-IL-6 (1.5 pg/mi) a4 o] A ]
o] oJ3te] |A3) B35 Y}Fig. 5A). Fig. 5B A= 7} 4
BTl P2 Fg 37K T YA anti-TNF-u (1.5 pg
/ml), anti-IL-1f (1.5 pg/ml) ¥ anti-IL-6 (1.5 pg/ml) 3}
Axgd 93 HAREAHNEY HIZI FHE  phalloi-
din-TRITC @A AxF2 HFslele 438 3 Hijo|u).

¥ i
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A Phalloidin-TRITC
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Fig. 4. Treatment with pro-inflammatory cytokine directly re-
sulted in the disarrangement of sensory hair cell layers
and decreased in the number of hair cells in organ of
Corti. The rat primary organ of Corti was isolated and
maintained with pro-inflammatory cytokines, includ-
ing TNF-a (200 ng/ml), IL-1 (200 ng/ml) and IL-6
(200 ng/ml) for 36 hr. Then, the sensory hair cells
were stained by phalloidin-TRITC (A). The numbers of
sensory hair cells, including IHC and OHC, were
counted in the basal turn of the cochlea at 30 hr after
treatment with cisplatin or at 36 hr after treatment
with pro-inflammatory cytokines and represented as
histogram (B). *p<0.05

shAFSHH| 7 cisplatinGil &8t organ of CortiQ 2t &2
ME &40 D)X= G

Cisplatinol} ¢]3F AL F 9 QAL 4317 ~E- A
2NHE T AX &4E ZHYH6] AEqA Eest
organ of Corti®] HZ}FE AL &40 st FAHAF Y
oS FQstr] At dEFH Al GSH (15 mM)
ot NAC (15 mM)E 77 TAZY AxEeta, dgd s &
cisplatin (20-50 uM)& 30A17+ A2]g Fo) phalloidin-

F

A Phalloidin-TRITC
Control Cbbp

Anti TNF- o+ CDDP Anti [1L-13+ CDDP

AntilL-6 + CDDP Mixture + CDDP

B
140
= 120!
-H) i
o
b= 100"
“ 1
= ol
« 80
© |
2 60
E
= 40t
Z |
20 r
0L
Anti-TNF-a - - + - - +
Anti-IL-1B - - - + - +
Anti-IL-6 - - - - + +
CDDP - + + + + +

Fig. 5. Neutralization with pro-inflammatory cytokines attenu-
ated the cytotoxicity of cisplatin in sensory hair cells of
rat organ of Corti. The organ of Corti cultures were
pretreated with monoclonal neutralizing antibodies, in-
cluding anti-TNF-q, anti-IL-1p and anti-IL-6 antibodies,
and then followed by the addition of 30 uM cisplatin
for 25 hr and 30 hr. Stereocilia bundle of organ of Corti
was stained by phalloidin-TRITC (A). The numbers of
sensory hair cells, including IHC and OHC, were
counted in the basal turn of the cochlea at 25 hr and
30 hr after treatment with cisplatin or pro-in-
flammatory cytokines and represented as histogram
(B). *p<0.05

TRITC F2-& A&t} a4HelAl GSHe NACS H A g
T OYg 29 cisplatind] &at FE HZ FEAX
of &4% g HAE AT HE3Ht}Fig. 6A). Fig.
6Bol M= 7} AP Y2 A3 34 FHolA GSH
9} NACeo] 9}3l organ of Corti 32t FEAX Y B3 g3}
£ phalloidin-TRITC €4 M 2 AFslsted =43 31
Z 3} o] th(Fig. 6B).
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Fig. 6. Pretreatment of antioxidants significantly protected sen-
sory hair cells of organ of Corti from cisplatin. The cul-
tures of rat cochlear explants were pretreated with anti-
oxidants, including GSH and NAC, for 1hr before the
addition of 20-50 yM cisplatin for 30 hr. The whole
cochlear explants were stained with phalloidin-TRITC
(A). The numbers of sensory hair cells, including IHC
and OHC, stained with phalloidin-TRITC were count-
ed in the basal turn of the cochlea and represented as
histogram (B). Each column represents the mean=S.D.
from three independent experiments. *»<0.05, **p<0.01

CisplatinA{2|0l| 2t HAFRMIES] TNF-o 8BS

Cisplatine]l 9|3t JZH-HEAE &AL GZ A4 Aol EFQ
TNFa, IL1p 2 IL6 S w9 §382 $a97] g
o, cisplating * 2] 3} cochlear explantol] A] cisplatindl 2] 3}
TNF-0¢] &8 immunocytochemistry ¥ & E3le] 2A}
At dE FZ2HIH A HEANEE palloidin-TRITC,
DAPI 12|31 anti-TNF-o &A1& o] &3t WA FS Al
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% %o §RAv A0 B2 Cisplatind] 9§ TNF-

< cochlear explant®] Hair cell zoneo] ¢ x|3%}
Deiters A|¥(Fig. 7A, white arrow)9} Hensen's A ¥ (Fig,
7A, red arrow)ol] A Fon, o= 2L = Pillar A X,
spiral ganglion neurons, @ cochlear nerved| & FHZH Y
o 22y claudius A E A TNF-a W&o 28 2= ¢l9
h(Fig. 7).

)EAH AFEY 5o A4 2L YT 5 o) 9
T AFHAHQ FARE AT AFEd AL w3 Qo]
Cisplatin®] oj=AJo] AHH AL+ in vitro [15,17], ex vivo
136] 2 in viwo [71216]04 FEsiA APHm Yol
Cisplatino]] ¢]gt o] 54 7]A& A2 4Z YA 93 lip-
id peroxydation %7}, P|ESE 2o} 7|5 o]4}, DNA &4

«DDP

Phalleidin-TRITC

TNF-a-F¥fC

Fig. 7. TNF-a was mainly expressed in Deiters and Hensen's
cells of cochlear explants after treatment with cisplatin.
The cultures of cochlear explants were maintained with
30 pM cisplatin for 25 hr, stained with hair cell specific
palloidin-TRITC (red), DAPI (blue), and anti-TNF-a
(green) and observed under fluorescent microscope.
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sol 2 BaA Ah6,11,15]. 1)1}, cisplatind] ¢]3 d=
A AIEZIQ AAF ole] dutg Azt GrAT &4
3 At o} 7hA] olu)si).

INFoe G58e9dX 713 388 434 Alo]E7FS1 0
22X EFSF ot Hoddsie) Heloeg A dyA 9
© “51 A EAEAL Bt olug} A EALe) Qo] Bk

Fe A HYEAoIUHA F4E JAAI)E E438 A
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