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Survival and regeneration of spiral ganglion neuron (SGN) following deafening carries critical
implication for cochlear implantation as well as reinnervation of restored hair cells. Survival
and development of SGN depend on neurotrophic factors supplied by hair cells glial cells and
Address for correspondence other targets. The membrane electrical activity of spiral ganglion neurons also support their
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Fig. 1. Sources of trophic support for spiral ganglion neurons. NTFs:
neurotrphic factors, SGNs: spiral ganglion neurons, IHC: inner
hair cell.

tide trophic factorEo°] SGN2| ¥o]i} 4<%k SGNO]
AEs= g dojsl=t), 1 FHF-E= glial cell-derived ne-
urotrophic factor (GDNF), ciliary neurotrophic factor
(CNTPF), fibroblast neurotrophic factor (FGF)
Ch olgj3k NTFE©] SGNoZ A s F
B FF9e FE] 717 (organ of Corti) ©]X]qk, o|Hlol i
7+e] 2}9-&(cochlear nucleus), THe] Schwann cell 25
El NTE7}F g5o] HH, AdA|oj= SGN AAell = NTF
7} AgE7)E $hFig. 1)1 7t NS dast 49
1t Schwann cello] F-=3t 32W3 FHolA SGN 471 2+
2%hs B2 o]yl BEAR NFT Alede #2485

AwAs) Foh'?

5ol 9l

9

Neurotrophic Support’} 5T
HN|Z AT (Apoptosis)

Neurotrophin &5°] S caspasezl= 543t pro-
tease®] EAlo] F7letel A =AUE s st
l, WA A=A AEsdte] FHEal, oojx &4
o] 571 nuclease®l &3 DNAZ} 23ll=™, A3 o}
o] Wsr} ftEA = AlaEe] o]f HF7) ddo] &
A B2 31 (phagocytosis) ©] SE= #7go] ot
t}. Caspase?] &4do] S7HH= 71 o2& 377 A=
Ha =], 1) 2)F2HE Q] proapoptotic signal¥
HE AEZ E719] receptore] 93 2F A1 A Il
extrinsic pathway, 2) 213] 4zl vl= QAR M2
Woll 2 A hulzo] 9)& stressE W endoplas-
mic reticulumel] 23+ 210 % 4= intrinsic pathway,
3) 7 7Fs7dol & 713 2.2 mitochondrial pathway
o] it} Mitochondrial pathway®l] ##E%E whlz S0
55 mitichondria®l4] 8|4, 11 $F2+ cytoch-
rome C(caspase—binding protein®] Apaf—13} A3} 9}
Smac/DIABLO (cytosolic caspase inhibitor2] &4 <

Al Zo] 9=H], mitochondrial] EHel| 9= poreel ©]



& To] Wy
Pore?] ¥3l& A*A3l+= apoptotic regulatory protein
family 7} B}2 Bcel—2 family©]t}. o] @22 pro— &
anti—apoptotic member® WHA|H, o]& 71| B]&O]
= A3} o] B2 post—translational

mechanism in cytoplasm¥} transcriptional regulation in

= 714 7140l 2J5) AR,

apoptosis 935-=

nucleus %

Post-translational control of apoptosis

n|EFEgo} Hof B3 E= Bel—-2 family protein®ho]
apoptosis®] el #ojaty] wiitel A2 el 9=
w7/ oS 2
3= Zlo] post—translational control®]t}. & &
proapoptotic Bcl—2 family protein®] sh}<l Bad+ X
% protein 14—3-3°]2}= A3 Aglyo] A2 Yo
sequestration®7] W&o apoptosisE® PO 7|4 Eah=
d), o]H Agre oW prosurvival signalel &l 43}y
= 2 7}A4] protein kinase=°l 2a Bade] 2 amino
acid7} QatslE7] wiiZel Ak #
ase=< cAMP—dependent protein kinase (protein kinase
A, PKA), protein kinase B(PKB), MAPK (mitogen—ac-

tivated protein kinase) 2] 4521 extracellular signal—

proapoptotic Bel—2 family S 2of <

3 7}4] protein kin-

regulated kinase (ERK) group 5<%1Hl, neurotrophin?]
receptor®] Trke} t}2 NTFo|| t)& receptorsel 28l
ke e R
Bad®] <l4iks7t afjAl=wA Bad7t wlEZE=g ok v
27 =o] apoptotic poreS ATt} W3 AlE )9
proapoptotic signal system .24 Z-g5= U}E= protein
kinase?! Cdc—2, INK(c—Jun N—terminal kinase) 5|
Bad?] th& F-91& sl o wx E/dsia7ith Bad
o 93t 717 ¢]ol= t+E proapoptotic protein?] Bax,
Bim, Bid ‘s°] n|EFE=g]o}e] whof] Fabetal E3E =
7ol #oJsh= 71-E % apoptosisE 3T,
Transcriptional control of apoptosis

Proapoptotic¥} antiapoptotic regulatory protein2] A+
Al S 3 9] transcription factor7} Z2A3%Fo.
2M apoptosisE controldtt}l. & E9 survival-pro—
moting stimuli®ll ]3] &3t = 2 7R AlEZ Y A%
A AAE°] cAMP/Ca—Regulatory Element Binding
protein (CREB) ©|#}= transcription protein®l] HZHO
22X S GARSo] WEE a1, o] F prosurvival sig-
naling®l] #oIsk= A E E8E o] BDNF7} up—re-

® AEAPEo] Algdrka SkelA gl

o]2]3t prosurvival signalo] ARFAIH,

Survival of Spiral Ganglion I Cho CH

gulation®] 1!, anti—apoptotic regulatory Bcl—2 protein
S ZIMA7]1= 7)1-o] vt whdel trophic support”F AF
2} © ZH pro—apoptotic regulatorE up—regulation?|7|
= 7)H9o] 9t} Neurons< apoptosisE 938k= cyto-
chrome®] A3 W& release¥tlgte ‘APEE 58 (com-
petence to die)’ ©] FEA] %2 FEE FAE=H), ol
o= HAoll= pro—apoptotic regulator protein®] o]
271 e At AR iR o]H o]fZE <l AlE
3 o4 APE-S A ©7)= transcription®] apoptosisell 2
Z=Ao]n]| pro—apoptotic Bel—2 family$! Bime|y Bax 2]
2= up—regulationel] 2Jal] o]Zlo] GAE = itk

o &4

£ &77 g

NTF o2l %7141 Fw&1e] &Adste] 25t Alg 50
oA = SGN2| BEH A7=712] o] 4= 5 3l
th A7|Aow dido] Sl AdHS wEe Ale] 2
) (membrane electrical potentlal) E W=7 " ]e —’F
glow whdol= 7kzbalS T Adsk= o
SR S0 e ShpopEIs] 4 S e
o3tk tE ARG RV R A 0w Al v
YA AAleA QA 7HiAlE d7] =
#olzl SGN2| A
Tre] Aol sk BEE

o] 4 LS

SO sl wAlsh, A1 Al

o =15k
8 F1E # Qlrk o]F F

+ NTFel| o3t @y} 3 A1 AERke< ‘I%’Eﬁa]—
T QA o]l AMIE NTFef| oJsl] &/dslel thefst M2
W AE Al so] Mlzute] A712Q1 G4 g3 ke
AL D|FEY SGNolM= Alztto] SRIEE A%
o] Z ol& F57) Z71sta o2 <l& calcium—cal-

modulin dependent kinase 119} IV (CaMKII & IV), cAMP
dependent kinase, protein kinase A(PKA) 529 t}ekst
prosurvival signaling pathway”} &/J3}=H, o5 2}z
SGN A& E=R51= o] =823} 38 7|1 011;]_2021> HjjoF
H SGNE ez 3§k ofg] A3Ee] o) e} 22 Al

ake] A7)4Q1 EAo] Aol & J3E Frhs AR NTF
of oJgt gttt st AE ApHoleh= ARl S ik

Cell Death Inhibitors

AR Afo] Holx A AAA FE U9 death sig-
nals xpgsio] A7 0] APE-E Welshs AL F-R2HE S
trophic support’} SIEEtE &S GAEHAIE 3= tiet

2 wio] & 4= Qi) oA 713k {799 apoptosis et

wwwjkorl.org 871



Korean J Otorhinolaryngol-Head Neck Surg 1 2009:;52:869-73
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o9 ST AN

NTF, anti—apoptotic factor, antioxidant 52 #A1%]
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