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Background and Objectives Recent studies have shown that inflammatory responses occur
in the inner ear under various damaging conditions including noise-overstimulation. Identifica-
tion of time-dependent expression patterns of pro-inflammatory cytokines during the response
initiation should lead to rational therapeutic strategies that block the response and reduce the

damaging sequelae.

Materials and Method We evaluated the time-dependent expression pattern of pro-inflamma-
tory cytokines in noise-exposed mouse cochlea (white noise, 120 dB SPL, 3 hours) using im-
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munohistochemistry and reverse transcriptase-polymerase chain reaction (RT-PCR).

Results The most potent pro-inflammatory cytokine, the tumor necrosis factor-alpha (TNF-
@) , was up-regulated after noise exposure. Immunohistochemical analyses showed that the TNF-
a expression was distinctively induced within the spiral ganglion and stria vascularis. RT-PCR
showed that TNF- @ was induced shortly after noise exposure and persisted upto seven days fol-

Taken together, acoustic trauma induces cochlear inflammation and the data sug-
gest that TNF- @ may have some role in cochlea damage that occur following noise exposure.
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Fig. 1. Sound spectrum used in this experiment, a broad band no-
ise, total sound energy is 120 dB SPL (measured with Dual Chan-
nel Real-time Frequency Analyzer Type 2144, Briel & Kjeer).
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Reverse transcriptase—polymerase chain reaction
AHA} Fota A A HES(reverse transcriptase—poly-
merase chain reaction, RT—PCR)< 2 g total RNAS}
A HMAE A (Reverse transcriptase, Superscript 11, Invi-
trogen, USA) & AFg-3Fo] A843}ItE Total RNAZ oligo
d(D) 1 pg¥ 41 F 70TCelA] 527 WA 5 4Cell
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A Tl AL ikl 21§k cDNAS] $4d2MgCly,
dNTP, R 3#:HE8) &4 (ribonuclease), 9AME A (re-
verse transcriptase) & 1AHA 2] fa-8-<llol] E3tsto]
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Primer sequences
1. TNF—«a

5 —CAG GGG CCA CCA CGC TCT TC-3
5 —CTT GGG GCA GGG GCT CTT GAC—3%

2.1L-18
5 — TCA TGG GAT GAT GAT GAT AAC CTG CT
_3’

5 —CCC ATA CTT TAG GAA GAC ACC GAT TT
_3’

3. IL—6

5 —=TTG CCT TCT TGG GAC TGA TGC-3

5 —=TTG GAA ATT GGG GTA GGA AGG A-3’

SEHE A AHES A 7)0) 5 (agarose gel ele-
ctrophoresis) 2 #1591 0] GAPDH=Z Z3Ajo|E 4
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£ A3 LI HEL 44+5.7 dBSHFig. 2B).
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Fig. 2. Threshold shift after noise exposure (white noise, 120 dB SPL, 3 hours, n=4). Tone burst ABR. At the first dakl after n0|se exposure,
threshold shift was about 55 dB. Until 7" day, about 10 dB improvement of threshold shift was observed. From 7" day to 28" day there
was no meaningful change in threshold shift. The final threshold shift determined by tone burst were 34+4.5 dB, 58+4.3 dB, 55+3.9
dB and 43+=3.8 dB (4,8,16,32 KHz, and click, respectively, mean+SD)(A). ABR test using click sound showed similar result to tone
burst ABR. The final threshold shift determined by click ABR was 44 +5.7 dB (B). ABR: auditory brainstem response.
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Fig. 3. Outer hair cell count after intense noise exposure (white no-
ise, 120 dB SPL, 3 hours), basal turn.
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Reverse transcriptase—-polymerase chain reaction
RT—PCR #A}ellA Al 7}A] Mo E71R1(IL—1 8, IL—6,
TNF—a)°] 2974 Yox 71t TNF-a+ Aoa
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Fig. 4. RT-PCR was used to screen mRNA expression of 3 cyto-
kines. There showed very weak expression of TNF-a in control
mouse (pre-exposure). After noise exposure, intensity of TNF-a ex-
pression increased markedly until 3 hours. Although intensity of its
expression was decreasing, there showed continuous expression
until 7 days after exposure. Expression of IL-6 was markedly in-
creased 3 hours and 12 hours after noise exposure and decreased
quickly to the basal level. IL-18 showed a similar pattern to TNF-a.
RT-PCR: reverse transcriptase-polymerase chain reaction, TNF- a:
tumor necrosis factor-alpha, IL-6: interleukin-6, GAPDH: glyceral-
dehyde phosphate dehydrogenase.
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Fig. 5. Immunohistochemical stain- &
ing for TNF-a in spiral ganglion and %,
organ of corti of noise-exposed mo-
use cochlea. Until 3 hours after noise
exposure, the expression pattern be- i
came gradually stronger in the spiral .=~

ganglion and persisted until 7 days i‘;i-_' e

after exposure (Immunohistochemis- F&2 5
try, X200). TNF-a: tumor necrosis [
factor-alpha. st 4
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Fig. 6. Time-dependent expression of IL-6 in stria vascularis of
mouse cochlea, basal turn. from 1 hour to 24 hours, there show-
ed weak immunoreactivity in the stria vascularis. After 24 hours,
no immunoreactivity was found (Immunohistochemistry, x200).
IL-6: interleukin-6.

=
718, WA s oAl el o
67F AAEA Askh(Fig. 6). IL-189 ®

[e=ReEPAIIY I\ NN
TTHET1T O O
IL-6% fFAFsllom F=2E 7)ol WAl e =

Expression and Distribution of TNF-Alpha I Jo MH, et al.

=
¥

BEE A ekekar A1 FHE 2447714 HeFzont
AN om 48A17F o]F o= B2E#] 9k9kTtH(data not

shown).

i F

—

ol ofgh o EA2 FEeh ¢k TR AFoR <l
a2 o) FERAEG A A A RS Z1AIAR] el
23 ZFIAAG AL Wellr dojul= vt skt
S Avz dEiA Ak AA7H L A W+
o] 7Hg tiAQl 712 VAR 30 % QIE A2
(pilar celD €] B, JHRAE F-5re] vlEHY 3] 9

AR 7IAE EdE G gpield el AA

ulAlEE Askeka] skt Q1Y ThsAdel B e
ROz A7) web HZols 71AAQ] EdETE Al
o] skl wsht Alarsly] Bl geEde) e
olghz ZHdate] ol e THdE S Hehs AyE el
Rusa givh 1 7 7P thaEs e s e gl 71
of gt offdA] thAb 5 WSk AkgE ~E e~ (oxida-

wwwjkorl.org 531



Korean J Otorhinolaryngol-Head Neck Surg 12010:;53:527-33

tive stress) ol B3t A5tk 9= tatazo] w9
ksl 7)o ARl oUAE QR she 7|Ho R
A kY ouA 9 FH FFAE dyzoly o]3td
= HANZ, SUAHE, 7IHAE 5 Al E79 AlFo=
tre] mEFERoprp EAg nEEE o i) A
APAAA O] e A] tabzE dojupe] FAle] o
APFEQl A4 R7]7) Wo] wSojHTh AAFAQl 26

Mz AA| Ak 5 oF 98% 7HEFo] oA tiatel] AREE AL
1~2%%to] ks 202 (superoxide anion) o4 23k}
2 (hydrogen peroxide, HyOy) & HEE AT I =3F A
ol =EHH o o] o SEr ) ek 2494479
dol Tt FAl AgeER <l 2k dRUt A
Asbd F=E| 7]l sFo] WAt AHgE 4 Sl Ak
A7F FEA L Ak Fole] Ao] 57}5]"4'9) T3k
A k2 $ ARFE sl dRrt s HEZE
go}e] AkAARg-o] thA] F7f o %*é*&iﬂJ o] o
& S7HIth A5 =F 99 delA %"é’?}iﬂﬂ <=7}t
k= o8] HaEo] 9lontlY A8 wE 5 AT
o] A EE FUT AEFHT o= AF uF Tk AH
H= AlEAPES] ARIoR F <
& o uie] g9 =3ke] W
AN F3AI] JEFe ] was Lot Ak
Yole3k 297 st 7V]F— ‘31
7ol M= A5l T
o] 79 78 Wyt dojup] %ioﬂ 71A o]
A dojuA #rt A&EA] =0 A 2T|de R/
o] Z7Fsht Usoll= dfao] 7t gejA gluk
G714 GAES 2US ol c—FOS, EGR-1,
NUR77/TR3 & AARIZFE] {32k} PC3/BTG2, LIF,
IP10 & AolEFRRIS] FHx7F IAIA AXFHTE
o] W Evh= ARdo] A3 RauEdA A5 ol &
AYESA 7o) AZE AAdo] EPHJAGY 1 F &
= 5F F 2 24 UelA A5 Aol ETRIQl TNF-
e, IL—-18, IL—6 52 mRNAZ} A8k 24w 9492
ARl dvkx W glAldollA IL-69] Hdo] 7t

= Zo] il A% =F ¥ IL-69 784 FAE
O%OPE‘ et dpEci BuEgie Y o
= koA AFRESo] sk

kol
S
QFE I 234 WYL Zefehe
1

TR rHer A

S04 F2 g2 AH|3E (macrophage) oA THEol itk
o] kY ofgola el i wal delA] glon otk

A5 uLa] oIz}

ifieA
rEi
w1
-0,
Jus
olo
ol
N
)
_Or
—
=
—
=
33

L 30 o g
o\l
il

A St e
3 Al =l dE %‘74{17“* "‘r7§ 501]/‘1
§ AeS s Aoz dA Qe o] g %
g g3t Cisplatinel]l oJ8f Zefw= ob¢-AlE2
A o] el ‘@OJ o3s ditha &
ow PR AFAIES] FFE ST "
x9] Qt‘rHM*ﬂ FE S7I71E Ao deA 9l
oL TNF - ¢= AlEet] gl TNF-a 5842 74
MEYZ So7H v M3 Wof|A] NF—kappaB (nuclear
factor kappa—light—chain—enhancer of activated B cells)

FH

o S0 fo o fL 1o o
N
3
g o
12
o
% o
>
o
it
L o
5
v 1
o
ojN f
SN
jala
O
_\;
E

& oy off of)
M
= Pr

2

2 MAPK (mitogen—activated protein kinases) A% <
JNK (c—Jun N—terminal kinases) 7-& EX3A |7 AFA}F
ie %‘Eﬁ}‘ﬂ AR o2 Q) eheulelA S
AR 5 NSy 5

Keithley 5”& TNF- oS 250l 3913+ 5 o
7} a1 A] (scala tympani) ol 75 21S #Eso] 24
F3E TNF- o2 QI8 fRAME 45 B389 Fugio-
ka 572 954 ApIEIRIES] 28%wF AT (TNF- )
o} 3AIZE ofje]l ghg-ellA F7ksh (IL—1 4, IL—6) IL—6
9] A Aol Al 383 439 Aol
ol Bk oy TNF— 2] daF-9ol tfst d5-2 ¢l
ATk

2 AT MRS s Aol EFRIS o FR/<
NF— a7} 2goll gJal] &3 ebpolld T7HE &l
ok o RS g 9
AoHkgo] WA= 7]E0] Hael x| i oy
AF-20E ERIFTh= Aol &Jnl7t lvkar & 4 Qi

Ammpour =19 ﬂﬂ?ﬂ?ﬂ? ol g3l AR MRt
E At w3 Ak 3>
]LS}Oﬂhtﬂ TNF—a A& A28k %?% :r—foﬂjﬂ
FEAZE ofel WA, v,
l A A A eA] AlaEdrde] AetAl dofds i&'—iﬁ}‘ﬂ
TNF— a7} 99 A 4] &4 3]l a= Bl

5
s

ASANE

r
._]

_4

]_

ol

Qe ol 2

HZ o 32

Sy

o ¥ AT 2] $4e] UT 2 97 o i

flolel 2B 4

ﬂoi e o Az TNF-

e 91T 4 5L A B
% 9lglom o] FgloA F7bEE T

ks OMOH FEAIZZE TR



NF- a7k VA3 e) 29 f2

I o) ABET,
Awrd A3 IZAS Bl FEAL S IFL
v oA ERlslE Azte] 91 Zlolet Yzt 15
& A hg 1w OlF] 3RS GTHOE £YHUT
FEAE 54K gslglom TNF- /b Wi R

WH U= Ao F TNF— @2 Wdo] §HAH X o

GS PR A e ot wEoRA o Hol 5

B g A A - daxd Zlog Az
TNF-oF &8 &5 A55E ket 79 ol A%

Hog BHEo] g wE F WS 9 &4 T
3hs glgl 4= Qlith TNF—av &5 =5 J9$HE 9
9-=3} Rosenthal’s canal W4-ollA A7 2204 H3}HA
GAE o ABFAEHH TR A7 ol 1< ZlsHAl o
AL At (Fig. 5). A4 = T4 AHo] A8 W

d

of el ofdl TS VLA 2 BelA QA ok
25 vF § AR TNF- a7t 718 52 |J
oF 42 ool ABARANE BFUS0] Lok 1S
o 5 Qglom &g wE F ANFA AFAE £
o TNF- o7} Bofalar 9182 /58 5 ATk 24
] st AFzANA 7 GF e B B3
o e oldl dipl #1924 A2 Ao

Helrh T3k 7] 4
w2 S EEX] = %%P—% i‘iii o]&= TNF- a7} 9%
4 F 271l BATE AR 2ol A7t

RT-PCRelA TNF—ai= 184Kk o] 55 o] Fojx
o} 4821%b] T R 21 2 5 Qg ole @

WA F7Hs fEAE ol A4St AP B
"o] §191& Ao etk

Acknowledgments
This paper was supported by Wonkwang University in 2010.

REFERENCES

1) Dinarello CA. Proinflammatory cytokines. Chest 2000118 (2) :503-8.

2) Adams JC. Clinical implications of inflammatory cytokines in the co-
chlea: a technical note. Otol Neurotol 2002;23 (3) :316-22.

3) Fujioka M, Kanzaki S, Okano HJ, Masuda M, Ogawa K, Okano H.

=

=

=

=

=z

=

=

=z

=

=

=

Expression and Distribution of TNF-Alpha I Jo MH, et al.

Proinflammatory cytokines expression in noise-induced damaged co-
chlea. J Neurosci Res 200683 (4) :575-83.

Tornabene SV, Sato K, Pham L, Billings P, Keithley EM. Immune cell
recruitment following acoustic trauma. Hear Res 20065222 (1-2) :115-
24,

Henderson D, Hu B, Bielefeld E. Pattern and mechanisms of noise-
induced cochlear pathology. In: Schacht J, Popper AN, Fay RR, ed-
tors. Auditory trauma, protection, and repair. 1* ed. New York: Spr-
inger;2008. p-195-217.

Ohlemiller KK, Wright JS, Dugan LL. Early elevation of cochlear re-
active oxygen species following noise exposure. Audiol Neurootol
1999:4 (5) :229-36.

Yamane H, Nakai Y, Takayama M, Iguchi H, Nakagawa T, Kojima A.
Appearance of free radicals in the guinea pig inner ear after noise-in-
duced acoustic trauma. Eur Arch Otorhinolaryngol 1995;252 (8) :504-8.
Thalmann R, Miyoshi T, Kusakari J, Ise I. Normal and abnormal en-
ergy metabolism of the inner ear. Otolaryngol Clin North Am 1975:8
(2):313-33.

Chance B, Sies H, Boveris A. Hydroperoxide metabolism in mamma-
lian organs. Physiol Rev 1979;59 (3) :527-605.

10) Henderson D, Bielefeld EC, Harris KC, Hu BH. The role of oxidative

stress in noise-induced hearing loss. Ear Hear 2006527 (1) :1-19.

11) Hu BH, Henderson D, Nicotera TM. Involvement of apoptosis in pro-

gression of cochlear lesion following exposure to intense noise. Hear
Res 2002;166 (1-2) :62-71.

Lamm K, Arnold W. The effect of blood flow promoting drugs on co-
chlear blood flow, perilymphatic pO(2) and auditory function in the
normal and noise-damaged hypoxic and ischemic guinea pig inner ear.
Hear Res 20005141 (1-2) :199-219.

Cho Y, Gong TW, Kanicki A, Altschuler RA, Lomax MI. Noise over-
stimulation induces immediate early genes in the rat cochlea. Brain Res
Mol Brain Res 20045130 (1-2) :134-48.

Wakabayashi K, Fujioka M, Kanzaki S, Okano HJ, Shibata S, Yama-
shita D, et al. Blockade of interleukin-6 signaling suppressed cochlear
inflammatory response and improved hearing impairment in noise-da-
maged mice cochlea. Neurosci Res 2010;66 (4) :345-52.

Miyao M, Firestein GS, Keithley EM. Acoustic trauma augments the
cochlear immune response to antigen. Laryngoscope 20085118 (10):
1801-8.

Satoh H, Firestein GS, Billings PB, Harris JP, Keithley EM. Tumor ne-
crosis factor-alpha, an initiator, and etanercept, an inhibitor of cochlear
inflammation. Laryngoscope 2002;112 (9) :1627-34.

17) Keithley EM, Wang X, Barkdull GC. Tumor necrosis factor alpha can

induce recruitment of inflammatory cells to the cochlea. Otol Neurotol
2008:29 (6) :854-9.

So H, Kim H, Lee JH, Park C, Kim Y, Kim E, et al. Cisplatin cytotoxi-
city of auditory cells requires secretions of proinflammatory cytokines
via activation of ERK and NF-kappaB. J Assoc Res Otolaryngol 2007;
8(3):338-55.

Aminpour S, Tinling SP, Brodie HA. Role of tumor necrosis factor-al-
pha in sensorineural hearing loss after bacterial meningitis. Otol Neu-
rotol 2005:26 (4) :602-9.

wwwjkorl.org 533



