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Comparison of endoscopic transtympanic myringoplasty
and type I tympanoplasty for tympanic membrane
repair: A systematic review and meta—analysis

Changling Sun,Danyang Chang,Qian Cao
affiliated hospital of Jiangnan University

Objective: To compare the efficacy of endoscopic transtympanic myringoplasty (ETM) and type I tympanoplasty
(ETT) for tympanic membrane repair.

Methods: A thorough search of the PubMed, Embase, and Cochrane Library databases was executed. The
Review Manager 5.4 software was used for synthesizing data, with forest plots illustrating the results for each
outcome. Assessment of potential publication bias was conducted using funnel plots and Egger’ s test.

Results: The meta—analysis included data from seven studies with 839 patients. The results demonstrated no
significant difference in graft success rates (RR = 1.01, 95% CI: 0.98-1.04, P = 0.54) or ABG improvement (MD
= -0.08, 95% CI: -2.02-1.85, P = 0.93) between the ETM and ETT groups. However, the ETT group showed a
pronounced increase in operation time (MD = 19.50, 95% CI: 10.75-28.25, P < 0.0001).

Conclusion: ETM could be a preferable option for TM perforation, offering similar efficacy to ETT but with
reduced surgical time, particularly in appropriately selected cases.

Key Words Keywords: Endoscopy, Otitis media, Middle Ear Surgery, Systematic reviews
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P HNGE N EEARIGIT . XTHIATTRCR ;s XFHUT K XTI IR e R XF BT &R R

gL WAL HCESATT AR, MY (93.94% ) HEXTIRAL (72.73% ) W, Z5FHE (x2=5.345, P
<0.05) o HEE U IME . U EME, WY T IRA AL, 25 (P<0.05) . HEPH
TR H] . SE @A a ], WARAL X A, 2R (P<0.05) . WEIFEIERESR, WA
(3.03% ) HLXHEZ (18.18% ) WAk, ZRHIE (x2=3.995, P<0.05) .

50 BRI D R BEIRYTIY, SUMEEIN G SR, A B TR AR, SR
01, @REHERUR L e e G i, e, (AR R DT SR AR .

KT HNGE PR RS AR SUBEZERIAR,; St B R R aeR

PVEAL P vb HE- 58 S8 HE 50 s P Dt vl B AL ik 245

KK A
ATRERKRTES B ER

F . SR II 2 Tt v B R R8 A EE 0 I s D TR i S L ORI 25 51

Jrids: BEHL20244F1 H -20244F 12 H B 5 BERF R 2255 — [ B BEicia 1 80 A Jife 1k rh B 98 B 35 A
GRS . Geit A BE e SR R R A, R R R 2 ORI A R

S50 0B MetE rh HE A R LA S TRRIR IR ER , K HH R R63.75%, L PHMERA . A2 BN
BB N 0o 49.01% . 19.61% 537.37%, 35 R & BRI ATBR TR . A4 2R A5 500 B RS0 T R 1R
S ORHARFENERER . WHER . 45 LR IR 25 R SR KRR R £
PEIRE . BN ER . B RV B e 4e ey . AR . WA &y Bna il mm 25 R 4w 1F
T AR B T PR 2 B 25 A

SEe PRI v B A R TR D 4 (R A R L R S BRI P R IR R T, Ak
AT RTA YT B AR 25 B0 B0 45 3, AT 0T AS TR S0 BT IER L 1) £ e A BT X BB 25 0387 %o

KA VAL P A s HIE s RIEE; 2R
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5
5
S
A
A
St
i
5

T—-MIST % JCF NI PO R G HS Y9 7 35

KK A
ATRERKRTS B ER

FE: PRSI T-MISTZ IS AR PR R IR 7k, W RFBE R HIR TR IS5

Jrides B4 20234F1 4 2220234F12 7 Wi A9 73 51 B0 5 28 R H S SR Bl RBORE,  Hirbdads]
KHZIUE GG ZYNATT S, 29B1R A 25 iR 7o X IRAE . TRAMICER - B R B oRE, JF
FrofE W e . BGIK, DU HMEPGTAE R | e BRI . X PR RIS T
K Hg AR

G TR AL E T D BARCR I E RS, VDA L 3 H IRV B A ROR WS 70

66.3% . 72.6% , X AL 165.4% . 70.4% , 28] 22 55 T4 i1+ 5 X ( P>0.05) . BT 1A H - 3D HIEWEA
HNESFRL(59.3% . 66.2%) 1 T4 MRZH( 45.7% . 58.7%) , ¢HI8) 2% A Bi i1 SL( P<0.05) , WELLH Hngy7

WAEIRTT 3N AR (66.2%) T TI6I7 14 A IR (59.3%) , 22538 5017 X (P<0.05) .
5 T-MISTZICE A IGY 7 W58 B 3 B HNS PR e 3, JERIR YT A 1] m 12 i HEnS P 44
KHET T-MISTZILENNIRIT s Y, RAVEEZE,; 4idWril; FnsRparfhimsR; Ieitla R

W5 B Ve 15 2 WD AEAIK 8 N T RN JL i v i i

B8 B A, FEA. BB RRP
I R TR 2. s LR ILAR R P G T A RS R

F . PRIEWT D B 275 A LA A T H A A L2 b i N FAN L

Jidi: S2(MRIE N THSRAE ARG UL, SR W0 o8 i ae Pl sk (Wrag s b ik
(Categories of auditory performance, CAP)FI T 15 [ & & 7324 i 3% (Speech intelligibility rating scale, SIR) ) 1%
XL EE A= BRASHIN ( HZ 2T 38355 & B A (cortical auditory evoked potential, CAEP)II H ()48 B2 2 K2 W P1-N1-P2
%ﬂgﬂm@ﬂﬁﬂ( mismatch negativity, MMN) ) MG, HITHRERCRTEAL, RASPSS 25.08F 1 148 1T
3o

S50 AT AR IR, N T H A AR LR WV F 15 R A R R MBS TS
fat, CAPEERAIMAG L I¢25 (F =22387, P <0.001) SIRZERAMALEI#2S (F=25780,P <
0.001) o EWLRFRIPAES 2 WAL A EA AP AERIOCHE, CAPEE AR5 CAEPHYP I 1Y B fEL R AT 28 1) A
K (r=-0370,P = 0.01) , CAPAREGMMNEERINIEA B F A AHE (r= -0.309,P = 0.029) , SIR4S
W5 CAEPHIPLIE Y B LA WM AAEE (r=-0.335P = 0.021) . [RIEFRAZEZ FIES R ITES
RORMTTRERZ MR R

S5 Wrnd B2 JEF5 R FRLAE Y P LB SN 1 B S MMIN TS AR A 4y S 52 ROCR DA i I ST 52 i PR o Wit 2
JEF A AT LUA R0 2 WA AR N T HS A A LB AR AR

R Wros f2 SR AL ARy . N THIRRA . L3
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2025 77

e

LAl LW PR 15 L et 23 W P i1 5 4 i W £
R OCHE B L5 Wi O 4 5 A

FEEZZRZEOEE RRF. NK RS
‘3’ il % 4%”{33 7

i BREELILVr I TRV ( ABR) | 4l & Ur G T KN ( th—ABR) 547 T ( BA) FAHE
PR HZ Wi

Frik: R REESAE, S8 2021 4F 10 H E 2022 4F 10 A TR T AR TR ALY 80
B4 )L, X H#E T ABR . th — ABR . BA MU, K% ABR BI{EMNAZE SR 2L L 4 41, A 4
(<35dBnHL, 30 fliH), B4l (> 35 ~ 50dB nHL, 64 flIH), C4l(> 50 ~ 70 dB nHL, 46 fl|H) ,
D #(> 70 ~ 90 dB nHL, 9 ) . 3#r44H ABR 5% SR th — ABR . BA BIEAIHEH:, LIRSS H
ABR FIH 5 &% th — ABR BRI

S5, KM th — ABR 1Y 2, 4 kHz SRBRES click — ABR BIfEIRIEHX(P < 0. 05), H A
ZHAN C A FEATR TR A O R B Bl TS A 40 1 ~ 4 kHz K B 41A01 C 411 click — ABR BI{ES
BA E MBI R IFMIE(P < 0. 05) , H AR T: mAHCRECH Bl LI % . A4UR B 1
kHz, BZ1HI CZHAY 0. 5 kHz, 4641 2. 4 kHz i th — ABR BI{f 5 BAAHRIZ B4 2 EAHR (P < 0.
05) , H A4 Kz DAL R ECA BT T 220 i 1 FHka s,

g5t B4LMWABR | th—ABR S5BARMOCHAES R, nIXT L LV s DIREHE TH LR & o B i A

P = Ui e B A VAR A7) B TR =T o, A VA WL LU

B R W B A )L ST 2 R & PR

5 2EE . BT Em | B#FR | BLeR
1. R TaRER; 2. a7 EHRXFE _WBER

HE: RO BT ik (MMHL ) 280 LEEE I R B I8, T HMMHLZ:
FOLEMNEFE I EEIR.

Jrik: 20204F08 H 220214F07H , H:67444~5% 228 HiJLEE (MMHLAH2744, 1E#Wr JINHA14045 )
SN T XTI AFSY . )LEE A FHES T Swanson. NolanFPelham 152 3% (SNAP-1V ) , JLEHIT T
SERSRTRFEE R T (K-CPT) o

ghL. SNAP-IVIRHIEREHE . Zoh/mbsh . IRG A Skt b = 24050 H AN B0 41
B ZEFARAG 22 L (P>0.05) o K-CPTIPFHiR517] ( Detectability ) F1%5 558 ( Commissions )
Wﬂl‘lﬂﬁf iit#2: 5 (P<0.05) , MMHLASME R TNHA

B SFIRATIIMMHL LB B R B IR I 0 IR R T — 2 i m s, iU 2Ry ik
Xif 2 %HUMMHLJLE&ﬁﬁT SR Z S/ P AT A T AT PEAT
KT BRI Sk s bt JLE; R
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L HEEAHE (BOS) MY
EYA1JE PR RS i 58 A8 (1) %8 %€ e o Br

FNRE. RRFE
ARKFEFEWBHEAER

HiY: 5 — A H- L5 5 1E (branchio—oto syndrome) X RIGIRF Y, IR FIAK R INBL290 A

i WHEIBNS WERELEAAE R B E MR R IGIRGOR, BEBUEIE S KR F 01 1 A1 & i
FERADNA AT AN FARIF, IEXF AL AT T Sanger il 7 56 1E 5347

iR EERMIEMCILA, He NA AL, R WEN SR, I HA BN FTEE K 3
AR, WFF G EZE G IEMIE RIS, R R 7 SO ek Rl RIS R xR &
K I EY AT 4 ¢.1326del (p. E443REs) A8 5, A IEH L GOZ 0L i N B R, RANFTS RS
FRIL BT R RASNED A, (HEYA 1SR (1554430 A E IR S kS 2R, 3 i HE T
B, %A HETH AR WARIE . A 56 [ it il SRR 22 48w %78 S A0 R B DL o P

=1
Ej‘l‘c

G50 MF BB EIINEYAL ¢.1326del(p.E443R1s) 878 W% K B E I BUR AL, R RE T
EYA1RF M EORAE TS, (HIRATS T2 A TR, GRS WA shis (e s et T EE S
%, HAHEZEZE L.

KT WE PR BHLERE EYALIZRAR

PEUT ML ES 5 RPE R P BRI 52 P S G &

4118
AN TARER

B BFFE LTS 5 5 R RO BYEZ S (BPPV ) BAER, HHIIBPPVHIR; k.

Jiide: XM RS B - S e Sk S NRHI 2 10 1552 KR & HEBPPV B AT 1 AR B BE DT, 7E IR
RIS A R AR F R RS i T A R, BE VLA 9. 1=-3H 18] 3H - 14EIR1 & & F RGN &2 & Aok 1f 5 45
W, RERFEREBFETIA AR, 3HKR ., VUERIEESHEE , RITSPSS 26. 0847484041 .

gEHL. BEUTES CLAW) |, MiESSHENEE K4 (n=31) 2.16mmol/L,AKE &4l (n=124) 2.28
mmol/L, 2R B AL X (P<0.001) ; BV (1-37) MK ESE &4 (n=10) 2.14 mmol/L
R & 2H (n=145)2.33 mmol/LE R A G X (P<0.001) 5 BEVTKE (3H-14F) IS5 E &4
(n=19) 221 mmol/L5AKE K4 (n=136) 2.37 mmol/L2EFH Giit# 5 X (P<0.001) ;

58 AW R BLLIE E5 K T RS BPPVE & Z BIAFAEAHDCHE , (X FAMS & ] LIRE{IKBPPV R
KRR BRI ST T

ST MG RAVEMERVECI B BAR; HMEIGTT
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e

HESUBGCH I BE 1R P vp HR TSR b 21 Be g v 3850 H

CTINIESE SN S N SN
LA FAARIER

H: BRI R BT 4 HE AR B U ok e e b BEIE SRS ) AR GE N UE B IR A%, Az
PR AL FRER LG RS2

Jridi: BUEHESHT 2020 4 9 H—2024 4 02 A 11508 Sdb NREBEAE B NG T 2 HE R AL PR Y
10/ 5 KA HARIRR IR PR, BFARRS 10 ~ 45%, SEXAER (23 = 0. 5) % WIEARRTRG
TEAL, RASSERIE TP ESERN, FARIT AT NEAE AR ERRAR, XU B iR )
BTN T b7 BB AR I RS

5L WG . BRI . RAT CT AR LI, Hh Potsic 1T 3 6], Potsic 111 #] 7. 104
B8 (90% ) RILE, Wi BEBIAERTFAR, RE3 A TH. 9#(90% ) BETE K. b
Ui VELLE, SFRIBEDI(12 = 8) DA, 1 6(10% ) I B RENENRRE &, HRATHNEEHERE T
A, BV 6 MARME R, RITEEFHIFURE(37. 3 +9. 3)dB, REFHTFUTH(29. 8 + 6
. 3)dB, AJEUT B BMEP < 0. 05) .

58 XFARATPEAL R R BRAE A s B RIS (Potsic 203 1-111 1) , BB HNEE T4 HE
T AR RS MAOEF, PR ERCR, BN B AR RRR I AT B A, Wl
R, A TR, AR E

RH HERAR L BB Se R MErh E R AR

EARPEH AR R E G B Ty 7 A % v 1 -
ﬂéﬁéiﬂihdeI%Ek*ﬁﬂiﬁhuﬂiiﬁﬁﬁﬁﬁmﬁﬂﬁﬁ

&
P N | VNS - 0 -

Rt AR R AT W g R hsAs P RE AT DA B RS i 1 K A

FUE RIS MR 0 ek il 3 S A AR S5 RA B3 5 22 19 2 53 A 7 12 S s 45 A S T X AR S DX
TiZE M4

Jrik: JGWER 129 BB AEPE AR E A NS, FFLL 121 BUVCECAYICIT J3 458 2% A4 £ HE X IR 20
(HC) MR . PIrA 28 91852 1 — R 200 B IR S 70 B T ARSI S . R
FHECGERICER (ROL) JK-FRYIE TR R APESNE (VBM) Jrik M TR BUATR (GMV ) RYZER 7 22
RZ% (SCNs ) BEE BIE M7 W58 AR 2 X A5 HA i 2

SR FRATTA AR AR MU A= TR0 . AL B TR IR AR K BE R — AR R AR I
JETTHAFAEZE S o AL 2ol 7SR . Bl A iel SUME e, A2 G EAL, A
LN S 8 ) SN~ Sl 1IN 17/ o 1 N 11 0 o T IS 1 it 2 R S B SN S 25 7| A S~ S =
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LR BFRFH R F TR

AR A T

45E . BFMEHFREE X GMV Fl SCN Z BB, REZA KB . . B
T, SHEBFN, W BOCiEN o RrgEWT R AT RE BN DA TR Al | P22 4 1 I
A2, FHEA IR AL R G AMATE

KT BARIERE, DIREVEREILIR, S5 PTT 25 MR AT

i JEBH T AR g7 ik

MEE | FHA . EUK KA
LAMKXFHBILEER; 2. LEERFEFRMENLER

M3 (Menieres disease, MD)NRIBEMZRGH W Z —, E—MEEABR . DU EIK
R F B EAIE R N B . HETMMDAIRIT ik E, FEEFEIEFARRITTMTFERGT . EFARE
ST 29 IR YT KT E R IRTT . R T ARSI T A MEIAYEMD , FARIGYT AT LRk R o 3 s il
FRERAR AL 2 o AR EIRMD I FARIGTT BOH 4 MeHa Y7 B ik R - T2 .

RHEF eI MEAH SMEFFER, BiARE

AEsp a8 AR R Sk I 45 I VA 53 B

wE. B A, RBE. KR
i%ﬁ%:k&%%

FE: X 10fE Bl A RS R 2k 45 ( NSLLEF ) 5 (0 EA T I AR GORN T, 12 5 o 53 2 ok di
BImARZW . AR . I RIAL

Jride: [EUPESHT20204E3 H 222023412 H T3 BE12iA 19 10FINSLLF G R BTk

ZERL . 106 B ARRTAFAEARRIFEE RV N R, LORAEZREZ, tRIZamekaf], oplfemE AR
HICTERAS FITEZ W, T ARTE BAEE T AT FL R M R AR AR+ 8% BUE R+ R BEE B AR, R
WK FEEE N TAN . B2, b RG], Ah. 5. BRG], SRR 1, B 1],
ARERT . AR 1], RS Dornhoffer Y, AT (51 A TIAY 5K AR S A0 S 2 AL 4501, 845 i 1
P B OR R FRE IR, e A o B ISR B o /NS T LR FE N RS I LA RS AN,
PR PR R, WU A S, R =R k)2 B A . RS T HEHE R
704 £ 19.6d, RFEIARGHE . KEWEMLIT R EZS . RE8HIRIIZEAEIR, KEZa87E1H N

458 NSLLFIG IR &P BAAR, AREPEE RIS ARG, RS REARR, R HIREE
ST Z I E, REICTHME SR &, BE PR OMEEERE, WEEA RN CTAR AT SLR, L

FARZ I F AL RE
SHET JEPRAAM RS IR R (NSLLF ) 5 IRIARHRAE; FARI; 1RIrach
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znz 3A28-308 s
P2 SENF S M- 5 =

e

Shin I 7. TIS1YM V80 U0 VAL T A 7 i

AT HARER

Hi: BiTShin T3, MHWSNEIERRARIE (EACC) MFAR Iy ks sl

ik [BIEESHT20184E8 H 220214F9 H Wiya R b HANR b7 193561 (36H-) Shin [T . A H-E
HEASIRE 6 I R et

S5O0 WRYEI IR R Ky, 26 B34 T BN B FEACCHIRRA , o 12 B[R] i 47 B3 i
AR, 3HFEBATHIEBIE R+ EMIEAR ; MHSHATH NG F EACCYIBRAR+E = ML R+ HIEBIEAR
M2 EAT ARG AR+ BRI AR+ZLRBEAR . RE3~10HTH., FraRBERGHT8 N H ~24, ¥k
WARREIRE S % .

g5t TWIEACCHIEHNEE FFAR, REKEM. G0/, THAEACCH) T AR5 2T AT 7
BRI CTH AT AR e, . X TR 2472 LR 0 MTIAEACCER i i T 7L 28 el AR YA AR +5k
FHIEAR+FLRAG AR . MALRS 5% B SBRG MPIEACC , FERAENEE N AMNEE ARG VIR AR+
SR BIEARINEERUE A, Al 8 RAFHTRITIT AL

Ker SPHGERENRE , HONEE; HOE; B AR

SR gk iR f LI AR ¢

WAA . KA, ABE. HRiT
AT H—ARER

H: SRS E KA FARIGITROR . S AT AR Ik

Tridi: PSR T B AR 5O M S BN B Sk AR 2R LR AT 114611225, ARHE S 28 AL/ N S 3L
ROTRAL R T A, B, C=4: AZ37H (S /s, S TH2AM L, HER. FEECTR
IR RPERASE , APEETENL) | SRAISRASRBIE ARIGYT s BAl46H (Hf . KL, CTH2/
PLb, HELZE, FBECTRA TR RIS, st/ N U AR R ) |, SRASNE IS BOHE R AR
HIT; CH39H (MHmTHARE2H, SR, FEECTA DRA RENE ) , RAIARFOFEE
BOEARIBIT

i RIFSREEA110E, @ARRIBE ~2H o RPRABAY 5 LT3 . s -
P49, ARG 128 &S 2E L CRABAIIIE Z7H . FeE—eaBisZse ) , HpA4I3H . B4
65 . CH3H. BEANFONABTEFERATAWRAE (P<0.05) . RFIFERIKECH Wit 75
VIHS T RRROEE, JCH e pRIs 4 0 &0 & A

5 RS ZEFL AN FLIE CTR AT 25 SR B PR Al AP AR | ANEESIHE AR | FLZETT ik
IR B ARSI TR S K S LR b

T AL AP EAR ;. SR RUEAR; SNHESRE MR s FLASTFHOR
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FMKFHBEILEETR

E (I SER0 s S P BEMSCR T BETIIN 432k vh B R 1 B K

Tk AH4~8% JLE#EILS04, 1005, HR5m ik B4 226 H2A BRI £ 1A, AR 4 Ta i 75 S0
REM ORI RERE AL L5 R34, AR ISR T FE4L (226~1000H), 3£204%; A2 A H A5
TRELH (226~4000H), 32044 ; ZH3K4M N4 (226~8000H), 1:104% . #5320 238 E 40 A RE MR I
RIATEIEIER, MAHEMERE D, MRS RE R ISCR N [ AR, BRE R AR R, 4
HIECS IR, WIS R A ] 5 P RN ISCR Z ] (R 5 o

i 3BUBCR N REE B, R AL, TR RE R, (HHER2M AR
JEM2E . AU LA RERICE 0.7, FHRE K 120 H 5 dH28 ) LA Rem e 0.5,
AR 2 H s 3L RE IR 0.4, SERRRE A 2.5 A o H1TEBJLR2BIA I E A
0.7261; 42 JLR2AHLA LR 70.536; 43 JLR2AYILAILEE H0.21, FHAEM I S22, I B & it
KRR 2%

PHE: S S0 (WBT) Fes—4ii% (41226 Hz% 1000 Hz ) 75 SHiE o SR IEE, e
PRACR EAEAR R T (O shZ8m 05 8, B mb b b Hohfe, T b R (an R AL
fiE . UTEEE W TPEBURA ) R R AR, IR S AR BRI RE A B . B 4L 226 H2
BIFE SHO AT A, R 4P, WiZEWBTH, P AR IR B A R R (3l 226 He
8000 Hz ) il o B4 A BE A R R B0, Oy TR H i SRR 1 75 BEAL s 350 . AR ST
1 SR U o3 i T B RS B, A5 IR ICRE S ks, HLRE SR A R, (IR B
HELRZ SRR BE AN . (EXE A RS REISCR Y R A it h B R, RO AR, %A A4
AR T B B AR R TSR 3 . R R T BEA R B R ) R, TP ES O %, ATREH
HEBR AP AE e B 2, NITTSE M TINS5 . 75 BEMRIBCRAE R SEMH Sl 2S48, 2t
W AR 14 BRSO T B — g T T, TR BRI ORD o E D R R A . SR, Hn
R4 G IR IRSE bR, B — 2 O B UE LR M A T St Bl R AR 25 AR5 T
A, FRERMCRA BN OME R Z SR IS R T HZ —,

REET TEME ST, FREMIACR, FRERTK

JLHEBPPVIHiZI Y 53 b

ALEE, R FIK. FRER
I R F W BILE B

HAY: 106 L B AERME LA BRI % (BPPV ) MIlG PRI S M F i E AR 80
Ik BUEPERFIT IR H 202041 H 22023456 H (191049 )L#EBPPV R & IR KR, X} JLEEBPPVIG
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znz 3A28-308 s
IH BN T8

PR s AT o0 A I Bl D WL SR T2 VAT T IR

gL 8 L A AR (IETR RIS M Dix—Hallpikei 36 ) #Hi2BPPV, 2{0A] 5EBPPV; 10
BB LT AL G B TR AT E DI RE R I 25, 8BINAAL, 201444,

451 JLEBPPVIZWT - 2l i R o L ARk 12, RIEF T IR EALRYY, JLE
BPPVFERMRURE &, AR, HJLEBPPVEE M EIEIRIT .

Ky LI i RYEMRMEN B SE; 27

USRS PRI P s Ak B

MEE, RE. FREA. ENK. KR
FMKFHBEILEETR

g o0 ) LERS MRS = DI R SR . 5 SO BRRE, SRS A .

D5k WEPE 53T 20204F 1 H 22023456 H #1112 A920 651 L 5K 7k 12 2200 ], 3 a0 BEIE A
(SCARED. CDI#Z%) . Hihdr (ARAils . 45 ) KInG A IHARHE .

gL BILIZERMEAE, UMyiiet (50%) . BEEREIEE (25%) kE; BREDTEIE
F1(55%) . REETIE (30%) 5 DR BIRTSUATHEFEIRARTS, 25% T SEMAR; B im0 HERR 2%
PRSI .

g5 JLERSM LR TS OIS S AT BN HERR I T2, R —2E RO BT U
M

KT LIRS RevEIR s OEIEY fRIE; KIEI

A Il 1 v 1) 2 2 R0 R P % S CHIR o i G DL G D PR A8

KR,
LHE AR ER

H s BRI [F] 305 B0 42 2 18 58 S 1 2 (T PR 9 28) KB 1 2R DL 97 % (mismatch negativity, MMN) T4
M, BRI R Z TR S MR E TG KRR, it — BT 5 8 A0 Ja i B AR B el AR R K
i

Tk BEALBER20194F ~ 202 14F FVT A4 J3 b A B = e B 8 0 nff Sk 25071 R1: e A B 4 2 74 58
FRFSE], LR BE266], o256, B E AR e A E T (PTA) . MMNA, BEHLZEERAE
B4 P AR VG FE T 28 #8297 S 1) H IR 5 26 BIAE N IE B X BRA . =AM AR IS L MR e i 2 5
(P>0.05). I Z i E WA AR NG IR, PR B2 2 L2t (2019107 ) o X515 A 4>
RIS RN T BB AEIR PRI T4 T (PTA) LA e MMNAS AT, JAY7 10 A F A PTA MR T 40 ok
M. AR, WEHIZE HMMNIE R S MR e, I HOACH 5 1E X BRZH (26451) 1 25 57

iU ST AR B E 265 1EH A5 HMMNEE Y, oA 241 2961) . JesidL (2251) MMN R
IR AW R4 R, A ST 25 5 (P<0.05) (H TGRS A AL M MMN VAR I TC W B e 12 22 5=



LR BFRFH R F TR

(P>0.05); = M E IR TG4 25 7:(P>0.05)

5. REBBEMMNBRIIA B85, JoRA . AR MMMNEBR . RSG5 . ke
FRIGE T RBE VT P AR S F4 S D RE A T AR, I T RS W5 Pk R A T P A R . ARE
TR ETOA S A AL RIMMNIE R . PRI 4o 2225, U RE VTS P D RE IS
HWGEA DARAECER , 288 K A4 5 B T BT 5 3 9 S BOMMN 28 PR AL A A DR Aol
Ax, AR AT R AR T 55—, REBERERBITIRITHE R — B EMMNIGL, Jek
HEBRANMAR 22 S i 25 R psg s 55, A BFFON AL IS, REARRUN, S5 RRTREAEAE AR AR
=, BEUIBTRMRE, R RS AT Re S A i, NOZIE K BETIS (] 500, XA REE IR Y
TREATAE , WA HAY | RESEER, X RTRe AT — s, X SRR A e i — 2 5 i
(e P QeI

KT MR, RICELGE, Wik 2

CDH23JEPIE A B RE
SRR MEAEZE O O ME T B 00 38 A% 2 e Wr a8 55 Br

(3 AN S SN D
L BHFEHRFHERGTARER; 2. L3l X F E S RFHF 65

FHY: XN RMEARLE SN B B R AT IR N BRBRAR S, MR B ERAE, WEE
Lok S RG R 8L i

Jride e Xob b RESEIE R o e A TR A U R IR B — 1) H- 28 191 e 5 A ol s R A L W A R
AR PPN 73T, I AT SangerMl PP B UE . HRAE S [E] BR o it AL 2 AR N 272y (ACMG ) 28573461
X GRAR S AT RO A E

ACMGZE St A8 T 43 M7 5k 7% 3% P A~ 28748 A STk 3 (0 AT REBOR PE 2748 . 45 PCR M Sangerill 7> 43 #7 B IE
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SRR IR BETEIRY T IR R O ARG ER R A, BRK0.5g, i H 3K,
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HE#, — R m R pME SRR R T, rAER, w2y R IR T B O 2, 7R R MEE
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Jrik s A PR (CNK LB PE A6 3200545 1 1 H £ 20244F 12 H 31 H % R 9 5 STk I 17
CiteSpace(6.4. R X SCHRVES . AL . SR ILBL . SRS S e BRI FEA T AL 3 B Il Hh AR
02K P

S50 RN A 10555 SCHR, AT LA Z, SR /R I 204 0 T o R MEHAR M 58 1 1 LA ETIG . ik A
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Mo [mEE, PR R T REG T ERIT R RN SRR . DR E TR A AR
REALE], CRO T BEZ5R YT S A EH B RS, HOCHIIRIT T BB T HHIE > B 1fiL il
R—ITRAE” PSSR . TERFFE T b, RURAIESE R B PR AR A th 253R Y7, BB ST
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vs 66.02 £5.63 RFU, P=0.001), Z}& i NETshRaEPIR & B 18 TIRYTRT (P<0.01), NETsFT 5 H 53
L SIBITRITCH BSR4 R

4518 NETSIE it 288/ K B/ JESSNHL A A & S i E B BEMLE] , GCRT Il s/ PNETs I
BN R FERITER

SREE PRI AN MM SRR s PRI SRR M TR

o1 PR H 98 SR A BT 22 I oA

IFG. MNER, RAK, HH
AmRFWETRER

HAY: BTt h B BB 7EAN R (0.5KHz, 1KHz, 2KHz, 4KHz) FHISE SRS, o
MrHAE S 2209 /A A

Jid: WefE202446 H 2202542 H L2 TR EH 1121032651 53 Wbtk Hh H-R B MG R e kL, 4G4
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dB. PCXTREAUGISS B R, 2KHz50.5KHz, 1KHz, 4KHzMY 25 S BA G248 L (HEA91h7.82.
9.45. 8.67, p<0.001) .,

g5t TP R B R (2KHz ) S-S 22, MR (0.5KHz ) S (4KHz ) Ui
FEBR ., X IR AR5 T HE X i s AL S AR O E A OG . ARDESE R il e B
RIZWTRRY T UL T H 2 S H K .

A IR R | R 2 SRR L W R . 2KHz

HH- 5 RN IE e B

ARER, TR
AAHRXFWEFRER

FUA . RFIR PR L B BN I ACAE 2R SRS
FOEE ORISR - BT, 634, “HHMRMEA LA, A IR IR” AR,
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BH 40 TR B BER AT RMRK, —EHAT2E. ARSI A BEER, X
M Ik E S, O, B2 M EE G TP AE RIS R MR, RN, WE H mg R F
{EXMEM, 44T CT Mfrs . SUMANHEEEE R ILIH B30 . SUNFL R SRR, AWM. A s
fRBAIE, s o] WARA SRR R, Wi/NVE IR . A st Wk iR 22 kL, Wi . £
Mirp R 5%, GI04G M MeIE sl 58 . & it — 21k b, &K, ERRA, Zm ik
5, AHEA MY, SIREATE . T KREARNTEECS . ik CT #3855+ —4E %N . 1A MFH 2R
HE om AL A R B 4 2R A8 05 A i, = e i Jie Pk s A T B A ) ki 25 i AR FR ;s TS I PR B 5K
KA, I MR 52N 20/ VR kL s BEOL.  SUIABEAYELSE, A ek B (IBARE
) IEGERIRK . B2,

Tk HEREERIAE G 22 E S T AE A RN BRIG AR +4 B-AE-E A+ i e i 2 41 5 | i
Ko RETHUEY: . #MNEIGIT .

ZEHL. BEARFEWETT, TTHIE . KF, TREFSAT, RF4RBEE,

2538 . HIE I M 0 YA T AR R B AS T BRI A TP KL I HOR B e iU s5/5 A

T PSS MUNIFASE; FARIAIT

2 I DRGNS E 3 T TR (S )

THA

LAKFWEERR

FUAY - I R W 16 04 FEE 8 5 A7 R R URRALE

Jride: WOALAEE T AL 10044 (2005 ) W g B ELIE B 9 H-NS 02, OREHENS S 5 AR o g 2
PR S EHEATXE L, AR EM AR | RpgEmtE] | R AR AR

SR BEYIRRIUSCRIG N, WrE BRI RN R R AT B A e TR ALPTANT B . NS (]
SIS SR E R T ], R e AT I B R I 7] 52 B4 3 R R OR B L, R T I R
I FRnt AR IO, AN H SRR 14 S T B AT e

LG58 HRLPTATE R (Y H S5 A4 I e AT 1 55 HS IR [R1A 5%, 47 R e AT g - M 3R i) 14 5
R0, B 2 R R RE R A IRIB IR B, AR TR BRI ik,
SR FIANT )T B AR, T 0 H 5 A AT 2 WAL AR FE T 7

KT B, PR, A T IE R

i MERRE SE N 2 AE E4E B VEAR IR I
R T e/ N5 5 SR E i B SN

GRS N -
ARKFEFRWEZARER

FY . SRR BRI GRTE 2 AF R AN B0 T 5 5k B Sk 2 i R TP A R (L
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i #EH20234F1 H—20244F 12 H BAE R KRG TT R 3R B Sk = /1% 2= iR g 201, WA Rk
R/ RS, RITE PR, AR SR/ %, R R - 14 PG A RTED)
fg, AP . vHit, VEMPs, JREIGSE, RIS R MR ATE R N2k, LE I 2k
120, ALK, LB R ZERLEA, R AL 258 it 22 (DHD IS AR ™
FE, RN (G IR /P IR SO A M P, M RTRELE A XTLE ) L vHit,

G50 G4, BB RMIE2.319%(24/26), I FHILE#480.77%(21/26), 4 PRk HE XS E A IE )=
BE R I Rt i, G4, 8. 1208, IRk R OHN)ITME TN . IZ)E12
JEL, e R/ AT AR UM i M S 3 BB T B 2% 5 XF L R R BE B S RIS AR . IR 128 vHie S R
ik,

G5 BAPTR RMERIRYT IR R R e a2 R SR A AR T SN 2 n] LU i E D RE AR
BRI BE TA R RE IR, DT A8 R A 0

HET ATRE R IS, A, REME, miETIEE

KPR PEH AR~ 2R i P B K5

kB
BN TFTARER

E s DAt O, Xk CH2 i fe AR T DL B R Oy, AR 4. sl I AT it
B 1 — S T B A S s R 5 %

Dk s MHEARTIIEBR X ZRIC L A B I I 00 B H- 5 4858 K2 14 10T 7 1E 5 35 5 Ja R4 T s R4 |
A% KT oAy, IR AR A 2L 4 DNA, FIFE L PCR 39 B B9 RS B0 A9 75
2, XA RE AT E WLE LR GIB2, SLC26A4, MT-RNRI1 27414, it Sequencher 5.4 1 f4-H]
FERZER, AR RIS AR .

SRR HTREW WH BN AR H A 48.78% , Hiff GJB2, SLC26A4, Zkifk MT-RNR1 HUw
RAFBIRGIN RN 21.11% . 16.67% M 10%; 14 ZWF HIEFITFEBHA 11 &% WHIZRLN R,
Hrh, GIB2 ¥R N 57.14%, SLC26A4 #EHE RN 28.57%; MT-RNRI #5473 14.29%., Xf 1 filREAE
TR AR KL A 700 TG BEIEE ST T ARAE X e R BB — G i At

S50 AR FRIBCRIALIX, 58 BT X B DX E- 52 S0 3 B LA 2 i %) DL E 28 5 PR 1 i e B 35 08
TAE, FrEsr TR A R R ) — R IR BRI R AR g, ik Wi snr 4, 4G 2% FH AR
XPEpe, ANBHET, BscRm, thasiaim, TEOPRIR S T, WHEZIE, & A AT HAbA X s
BN

T HAE, W ILHRRIEA AKX —HpiE; e
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e

ZAEP H R IBE W T ARSI 00

B, ¥X. T2 H
AHRKFWEFRKER

. SRTE NS T 2R H R B FARIT R IG RS

Jride: BB 5347 20244F:6 H 2024451 H 75 4R g R B v K= e H- S i e Sk i S BHo6 46114 1 H- P B
FARIGIT BE NIRRT, =I5 R AR W) AR A (570, RIFHETI1-3H, R EETIE
LA W e . RIS G R IE ARSI i 15 4T .

g %m$%$ LAEH AR TR G W 7 (8 22 53 B Gii 1243 L (P<0.05), B4R AR 4R
FEWT et . SRR A . ARG I AT 45 5 TH 25 R C e 17 7 L (P<0.05)

it P HREBETHNEFREBBISHE T, REUscE 82, JHFAIE, EREIR
PRAIHE

KT B, hHR, BNBEFAR, BRZAL

Heth =i — 4 4 Bl s Ok R P 3 AR R 91 W O i 1)
PEAS P

RE4E, Eir, BREA. BRER. B3t I
@ﬁ%ﬂk#%*%éi%(@ﬂékﬁg%)

B SEARMEFAER 245 AW, HIRHIEA T RER 228 K vtk s 2R R Rz —, Hrhjg
By R AHOE ARG PR DI BERERTF I PE TR AU K38 o MR R B SR AT 0y — BB 6 BT S0 B bk, Hh =
Bk~ A BEHE £ (riglyceride glucose index, TyG index)5 28 & P82 2 [A] ¢ R i AAF B 2 HIEAL . AR B
TER AR Ty AR 5 A M2 (B35 W I 05 2Z [A] A T TE DCHK

MERES 51 . ABFSE BN A 20184F 1 7 1 H 2202442 1 H 512 TRABDHEBE AT 09 R 1E L
o T RGBT DR R L IEPRAEIR . BEA s L IRYT IR L ABEA R . KIS BORPRINT
TR GBI TR ANAIT T 14K) 0 HAATYGHE B (In [Z5 16 M (mg/dL) x 25 18 H I =& (me/dL)2]), HRIE
TyGHEE =/ LK T f 8 0 Q1A QRZHFIQ34, RHISiegelbnfEPEAN A W JI9TR, i TyGHEEK
HREEERBFHEWN UG HEER,

gERL. AR AOTAR R K Ve B, BPE48.3%(470/974), 4EHE 49.4 £ 15.7%, TyGIa4 N
8.4601 + 0.567. IGITIE, AW )58 M B LG 21.8%(211/974) . HRAETyGHE £ =73 (5 BOk T A &
Hr QI (TYG < 8.164, n=324), Q241(8.164< TyG< 8.705, n=325)F1Q34(TyG>8.705, n=325), K54
%%,mﬁ\mﬁﬁmﬁ%%%m%%ﬁﬁ%%ﬁﬂ%ﬁ@%ﬂ%ﬁ%@@ﬂ%y@%ﬁ%é%ﬁ
B LB IAAR 235 Q14H27.8%(90/324) . Q24H24.0%(78/325)F1Q34H 14.29%(46/325), p<0.001, —JC
LogisticBIA /R, TEREEZAMIVERTE, TyGHEEBURNT A TE &R T fak & m@%ﬁfmé
PR IRE R IR Q12H 192.36745(OR 2.367, 95%Cl 1.455-3.849, p=0.002); TyGHERUEFIN— MR, W h
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R SELWRIE BRI 1I1186.0%(OR 1.860, 95%C1 1.302-2.657, p=0.001).

S50 TyGIRBUR R A MEBRBHEWT IR E W M fER R, NIl & &M R E T ) Bils
PR T —FP AT BT S A bR B

AT RS, WTHBUS, BESEABT, Hh =B AR 5L

H- B A 8 B 7 3639 79 7 500 A

RONFH . ABRE. Xdh, TE. kX, NEEHE. ST
ARKFEFRBEZARER

HE: WS PG SR I PR GERE . T AN [ B 835 ) P 3R 77 85 DA P IR Y7 O ik i A RIChE A
LA A A PRIG YT R SR

Jrik: WHE2024484 7 220244512 7 W0 2 A2 HulE Ky AR HHERR I . 20, HUIRIR D AE
S A A SR G HE N SRR I R FE AR, SRIISIRYT, B H 1-21k, BR30448h; JrfEdt10k.
WA TR R P AR ST . R AR REZEA R, SR FHERRS SRR R (THI) . DE2Z ERREARFEEL (PSQI) |
FEIE A PR (SAS) (P SCRR) 2316 B | B AR RN AR A TP R0

g 631 E h e E58%, BE42%, FEHHHME37%, fiHHME30%, MH-HMS33%, HH
FZ I REE A B RN — D H B 520% . KR TF—4Lh B/ 5 50%. PSQUNHENR—132%, HEHR X
fEI50%, BEIRZEAT18%. SASIHERIEH43% . i EEES6% . " HAEK 1%, THIRRZET1%, % E
29%, 1%, ZiRIT 1ORJE IR E-NS B 85% A4, il B 4 59.6% 4%, PSQL. SAS. FITHI
HREEIRITHNE A BE MG F2E5R (p<0.05) .

g5 HNY R TE AR RN R MR RS, — LR IR E SO BEAR AN R FoRIG
MRS, JIHR AT T DASGESR o S e | B S G NS, JCR B R RRIVE . IR
A AR JUHSE I TANE 25 YNG YT 808 290 7 BCR AN I AT S 8 5

RHE T HY, FIRYT, HEAR

ZAEPEH SR S P P 2% 40 i 1 1 B AR EMIRIIE 58

BE, Wik
HERBETE-AKRER

EI s A R AU e AR A T T 45 R SRR, A 8 B P A 28 R e R i 2
S IAHIRAS RS AR DG . AIESY B el i B S T RE R LR S (rs—fMRL) MBS BT vk, BRI R
SR PEIN AT RERAR 1) 24 4 2 £ 3 B D R R 245 (i F I EE 40

ML IWHBERH TSR SL600IS W AR B2 0 3, Bt X EE SRRSO AE IS . PRI A
HEREICHAERAR (BAAFIT, 2082 TEMETE ) KR S o R gl XA
HHATAEE W S (PTA) |, Wr i Rt W 1A i H220.25, 0.5, 1.0, 2.0, 4.0F18.0kHzAT3 T (1)
LT PR IAY . L <25 dBIPTAMENE N IE R W BIFRE . AR E R A A BRI S A r i B2 F 3
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2025 23
PTA>25 dB, HAFI= 60% ., i fiMadsen Electronics Zodiac 901 E-43HAY ( GN Otometrics ) #EfT5E 2
1, DRI SRR % . ARAE SRR R EITAG (MoCA) A KT HA TN RE R IE, 43 R B4 H 20k
INHITIBE R (3061 ) |« BAEMHBAAEITIRE FRE4L (3061)

D5k XA AT E AR S T RE R LR R (rs—IMRDFAF o 1 HH Gretma X713 (i AR RS 64T 3
RE RGBT TR B, 6 A T R B0 S 0 M . RS AT ids, A HL R D) RE X 248 i F MR
P, AFE AR R SR A RTrich—clubZH 41,

SR SINE: EER . HONMBE KT IE, S ERA @R R Z MW B M
Hb, EFEEHE A AT A HPTA ST 2 M0 B 22 5 o fEINAIERS T, 304 B HA
BEMIMoCATH /B AL T HABLL (p<0.001) o FEAJRZMH L, A IANFEE TR B ERES
TCINHIRE ST T BG4 5 3 L B fe B Xof R 2 %) B D RE P 24 35 LA S 3 /v R (v >, N =
1, o > 1), fEX =AM, WER| 2R s brny B Z M2 5% (Cp p=0.043, Lp p=0.001, X\ p<0.001,
o p=0.038, Eglob p=0.004) . 7ET7 /K L, FEEFAHEN I RERGRE fO 2 R R E T, ALY
SSAFAESEE TR L B Y R RCRAN SRRRCR . BEE T R, EARTE R
)BT ISR N S B R T B S MR TR e 4 A T AR . AR R RIS T, R )RR A
BEEAL, T Z AR BERAZE R B E R R R ST RE M AL,
INFAITIRE T BRI Z AR BB B AN D RE T B0 2 A1 B8 R X S N R 1 A b B 5
LA ARG S SRR 1 5 AR A T BB Sl A 1A Sh A A A 2 RO AMESA IR, T 22 i DX
UL EERISCR IS AN

AT HAEEE R # RS IR IR S . BIE . ThREM 4

PO EA 3 Al R R AT 15 R NIRRT B2 PR WY a4k 1
R BE R G &R

R E. B
HERBETE-ARER

FIAY: S8R PRI Bl 2T 45 2% (SSNHL) L # i E SA PRs « o IE A IR ILAE AT G AR SR &
fIE(MetS)/&—F Z AR B0 , ALFEMEIRM . S . AR5 FIICHE, CRIXEE R 5SSNHLARG . 56
HAATTARN I KRB 22 MASSNHL . AWFFE Y H B2 BRI ZR B AR 8R4 5 SSNHL™ 5 72 FE Al
PURHIKAR

Rk FRATIRIBE S 1 47 M Al PR B 2 g H- B e Sk 515 MR 20204 1 H 2220214F4 H 27 SSNHL
BE T . SSNHLBLIZ WA AE T2/ N A R AR B = AN SR B W 3452k 22703045 DU 1], FRATTX
127SSNHLE AT T 0 3G, A 5540 4R A 220 263 WF S35 (pure tone audiometry, PTA) ., 15 &
Wy, ST WP R ROV . AR SR (HEBR T P 22900 A QI 23 B TR o ) ALV AGENY

Jitk s AR M2 BT e R 127 I SSNHLAE 25 73 A MetsZH AIAE Mets2H , - [n1BUM 2H A8 2 19 N T G832
FGARAFIE . BT A B E YTERRHEZARESSNHLIAYT . MATESR 1 ~ 3R FHIK T IR JEFA T80 mg/d, 2
4 ~ 6RERIKIE ST H IR 240 me/d. BARIARTE (<40 ko)W BFE AL T H IR A e Img « kg1 + d-1§RIKIE
9F, IR E R AR RS A TE 2 . A e BEIRY TSRS 1RG5 3 H 435 I
PTA, LUBHERI AT 1 BE AT ) . A dESiege BREITARIAR FRCR .
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gEIR G250 MetsZH AT 5201)(40.9%) 57, AEMetsZHAT 75061(59.1%) 3 . MetsZiZ4: . M ILE . IR
. TG, fIKHDL, BMI=25 kg/ni Y L] 2 5 Fnon-MetSZL(P<0.05). 5 AR EAEMetSIZ I E A7 L,
MetSEEBMI, i = Ea /K F12s B I K F 455, HDL-C/K-EEAR(P<0.05) . TEFRATAIBFSEH, BfiE
Mg R AR, T AR 7™ B AR AL BE Z 3 1 (P<0.05) . 3 IfILFE (p = 0.05) FlTMetS(p = 0.05) i A7 75 7]
RESCIRIT JI3 G e F AL, (H2E AR MetSL 58 20K 2 R AR MK % W F K Tnon—MetSZ (P <
0.01), JEPKE I E H Tnon-MetSZL(P < 0.05), ZHZE M B/ RILE A IE R R0 58 R HUS WM
K(p<0.05). =5 1A R 1S AHOC (p<0.05) . WA JT B {E (p =~ 0.05) . AR I B MR IR EE 2% (p =~ 0.05) Fl
fRHDL(p~0.05) A RERMANT SR E , (HIEAHAY) . W24 . il EFR I LE A A5 W S8k i = R B A
Ko Mets41 58 2R ZFHB A2 2R 0] BAR TAEMets2l . 21 s, Mets 5SSNHLAIA B TS .
F G R PR 22 AN I e S SSNHLIY AR R UG MG . X #6445 4 /R Mets 1] LAFE I SSNHL A ™
FRREMBUG . RREASTRZER . il ESSNHLAUS A B A FE b

KT RSB AE . BT ik . KRR

BRI AL H AR B F IR R b Wy A

M, A, DEE
R R FWE T RER

HE: i —0158 & BB BRIy B i AR oL, BT IR PR R

MR RO BFE LM, 58%, I “AHWT I FREEEN | IZE1R” AR, BFH AR 1K T
BEE ATV ) TR, AT R B, A RYIER oGkt g2y ybEs | sk
BH IR W J1opka sy, 24y . 125Hz 30dB. 250Hz 35dB. 500Hz 60dB. 1kHz 100dB. 2kHz
105dB. 4kHz 105dB, 8l “Z&AVEHE" WABLIAYT, SINBEIEEMERE L, ABLE S mCT Kl R #
. AEACRERT . AFEIREI KBRS, BT LT LRI R EE . RIS SRS, TRk E ke
Py (40mg qd, BE3RIBI0mgEL B 1IRIF2Y ) | HARK ARG R A MARA R cGE g8, H RO |
RLRAF PR 2 ARYT, MAE TR AR A IRTT . AR R SHARZZ I 5 6 T M R ARYT, &4
RVAIT G B I i . ZE B ek, A ACENG o B, A ES 1R Hh B A A Al TR
JeH-: 125Hz50dB. 250Hz75dB. 500Hz 80dB. 1kHz 95dB. 2kHz 90dB. 4kHz 85dB, iR akst I IR4R
AR WG . KBS R Mom REIRYT, BV IR TCUI R s , K23 R A ol & il R
ZeH-: 125Hz 25dB. 250Hz30dB. 500Hz 40dB. 1kHz 75dB. 2kHz 80dB. 4kHz 80dB, JE{/i4kasr ¥ LA H 4G
Jie . BRASUE RAYY, IR FEACE ), &I S 00K At He A S SR EEIT A s e (RAER L) , &
S o S8 A S A 4l T 7 22 . 125Hz 30dB . 250HZz25dB. S00Hz 20dB. 1kHz 55dB., 2kHz 75dB. 4kHz
65dB.

i R RI ST N R, AR BERTT R A W BRI AR TR (RIS )R
) 5 SB23RE AN R et el (RIS (5, e, wlictrds ) 5 KREHH0KR
FRE SR T B B (CRBUNHIRAIUE S, S )

it ABEEWT IAREE N IE, £56 RTINS AT I ARS FIRERTRE” FRIE; 28RS AT )
WA . IHR . SR Mg s 3 H NI A s Llss, ERKIGYT I R AT REAA B TR
Wr 15 .

AT SERMEHRR, W, aiE iy
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)

znz 3A28-308 s
R S-S

BT R 1 PR B P A7 ¥ PR R 2 88 JAC 3 A

HER
AaRFHETRER

HAY: [k o B dh & 758 Ktk B2 ) RAERE PR E %% ( benign paroxysmal positional vertigo
BBPV ) MG IRFE A, IEHRBEHATRER RRALE, IR GIEZW 51697 T %

ik PEPESMT2022 4R9 H 2 2024 48 5 H s T 4w K2 e vh ok B e H- S ik iy 123 i) 58
F (A SAEA RS ) BERIRKTOR , HAPZDix-HallpikeSZ 5 MBarbecue /R KA 12 M4k & T5¢
FHIBBPV2RY |, A2 B A T IR E LAY, X2 B . gt . &K/EBBPV 5 HAE
B EIBR BT ] . YRS ORI T 00 Ak R PEBPPV B I JE A (RAEMRR ) A5 6 BB 22 2 H &

SLEANEL A 23 2 WIS Wb, 55 150 [R0 IR R PEBPPVAE A X BE 4
R 1230 R R R E A 28 FIBPPY, & ER22.8%, Y EMIERTE., HhjE kA BBPV
26 IR HEpley ik EALIRYY ;. MM BBPY 20012k H Barbecue BIIR FIE B AIIRYT; WrHIMHZIem! . 4

FRI3MG, PRI B, AR R REALR G o BPPVIEEZ RN &4 19610, 1 JEZE LA RLA 86, 1HZE3
AR, BPPVAHAREA, Hh1yaf@i36] (42.8% ) , 2KIGA11H] (39.2%) , 3UIAR4H]
(14.2%) o BV ~200H, @A S GE AR ARSI, S ERERIBPPVR & 161, e AR &S
B, Zid FRENIRIAE . YL TEBPPV S L HEBPPVIY AT E MG, ST
4510 BPPVAI4k A TR AR, ZA0X5 E 12 Widk & MBBPV KIS, H 28 & 1 #4k kK BPPVik
22.8%, HHLUGERAEBPPVE UL, HA GRS REHABINIAIT Tk, AR 5L EBPPVARTLL,
KT AR R RN BRI R  ARORE; 4k R YEBBPY

1% %5 WGy ¢ il e

BART . R AR
LI BFILTARER

FE AN — TP WURGIRIRAEIR , TR F P . e Ja R PR B el = A B iz sl
SR AR RZEARRAY BT RERUR B AR IR, UNRTRE R R DI BERRRS | M2 RGP B0 I
BT . WERA L HEATARUNIRYT, XS T RE it — e, SEUTEER. Hit, /T
I A B E AN A 2 IR R AR A | SR TR T35 T A R 2 A B R TR AT EE 22
B MZEAE g — P WL RAE IR, HAHER W 5 A RGR)T — FE R A G AT B . A B o
BB A, IZs A2 LA T T BONB R, DB R

F A SC B AR LR IR AR R BZ 22 W FG T U B BE RS, LU i PR R IR (A B oy 4w . K5 HERY
BITRN, PRTHIZE B SIG BRI R, WA SCHT ISRt 1T A A %

WO AES WO T, W IR, ARSI REIEAE AR E A A (CINMRIFICT ) Al A PR Ay if o
PR E B . R RTEVE &AL (VEMP) FIIRFEHLE (ENG) SFL M4, REASOTAERTIED)
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e, ARHEZBHRASCR . FRE, SRR R BOR S & W HIRBUSEAR . 9 B4 i)
WRSWHRAE TA S0k ML M REAER . RAE A BN RS A A R, W R e TS WA R P AL
o WP WG O, AERGRAERZ S0 PR, B AR, MR R 5,
B EF IR BT EIIRE, WS AR, XTBPPV, RO R — T Z A R R TB. X T
WP MERTERZ S, At e, Z8a)T SR T IR R A S T AR . EAh, AR B
ARAE LR 0 h AR B2 e TIRIT R A AR SE T ARG O I T BT
Sb, DB EERZ ST P R 2 B AL, W g R A RS 4, KA B TR
(A= 1 i

4598 MEEREZWANGI TEORRMAREIHT 5 A, SE NS TRRMPBUR SR T RENGE. AR
W BHRGRI LN . ARG, IR IR RN 2R M E SR, A 8N EHE
RPN T TR Ak, AN EZ 2R ZHOmTTE S e, LIRS IZ 22 T ik
B, WEZ AT . RN, IEREINN F Y SRS e, AR R R, DIy
BAERAEORSE . ARSI T o

PSS gl RN [5ii

AN Wi B AR ARG PE P HE 583697 vb 997 000

TEAE FIb
ARERKFRELITER (R PTLTER)

Hi: Rt B R R EAK, H 2 55 NEEZ (B AT AR, BARM A Iw L]
R R0 AR E T P B R B AT W ek, (A — 2 i i 2 0T ) PRI R 2 B,
AR RNANRIE . H AT R LR B R BRI T R S 18R . AW BRSO ER I R
RIGFARIGIF IR, BB T 5 BUE AR B[R — A1 A T4 R e 7 ak.

Jiid: %20244:03 H—20244F 12 A fEFREHRIZ AT FARIGYT ARG M b B4R A8 8 S0 (SRR 7 1m0 Jost
GYHT, XFHCARRT ARG AW AR (i F T EE ) KR E Bz AL (AT R ) .
GIASHIEAE (SH ) ARuTHHEZ TFLRCT . B Gak A gl & T S5 AR [0 MR, 201 83 R A
BAAHOCHEIR, ARATSEE T B Bike A ( LE bR, VoS ey ) o SR AR TR A
IRBCHEAR BB, SRR S SRS % . AR 3 L 5 R IR, TR BT Ak, Rk DL Ak
BE; 20 WECE N A RSV ST /N o SEEE UL /N IR T R e 2, 38— 34T N T e o A
R 2BFEAT S (R ) B R AT R T T SR 1R YT

G SHIRE B FEABG) LB RBOVT B EAGHBREEIL, 22705153 L (P<0.05); 5
BEARJG EMAEREBAR T AW, 2570 500248 L (P<0.05), 2FB56EE AR AR JE IS WA R RN,
VNEP IS SN R /NS

S50 RS EARENUE, AREPREHEITAS, AR, BB N EE BUE AR R R — 817 A TE
H A R A T AR R T AR

T K A, N T e EEAR;
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e

“HRUEIET N2 b

HMKFREER (HNTH-ARER)

TP HUE RPERE 2 ML B PERE 52 (LSC—BPPV ) ZEIGIR T F 403 UL, AP 28 i HE s 51k R
(DCPN) R SURIEAE, ARHEIR I 20T 43 ) b 55 M o i) RS R S Tl — N T 140, 7%
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Glymphatic system—dependent mechanisms connecting
sudden sensorineural hearing loss to cognitive and

emotional impairments

Xiaomin Xu,Zihuai Fang
Nanjing First Hospital

Purpose: Sudden sensorineural hearing loss (SSNHL) is considered a potential risk factor for cognitive and
emotional disorders. Extensive studies have highlighted the function of glymphatic system associated with cognition
and emotion, but the underlying neural mechanisms linking SSNHL and cognitive—emotional impairments remain
unclear.

Methods: To further investigate, a total of 60 patients with SSNHL and 60 healthy volunteers were recruited
for this study. We calculated volume of choroid plexus (ChP), enlarged perivascular spaces (EPVS) and four brain
ventricles, including the bilateral lateral ventricles, the third ventricle, and the fourth ventricle, using convolutional
neural network model, deep learning model and freesurfer automatic segmentation tool. CPV and EPVS were used to
assess the function of glymphatic system. Subsequently, volumetric differences between groups and the relationship
between volume of ChP, EPVS and four brain ventricles were analyzed. Moreover, we explored the correlation
between MRI characteristics and neuropsychologic scale scores in SSNHL patients.

Results: Compared to healthy volunteers, SSNHL patients showed larger volume of ChP and EPVS. In addition,
ChP volume showed a significant interaction with the fourth ventricle and a significant correlation with the severity
of cognitive and emotional deficits in patients with SSNHL. Taken together, our results indicate abnormal glymphatic

function in SSNHL patients.
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Conclusions: Differences in volume of ChP and EPVS between groups, with the enlarged ChP volume

associated with cognitive and emotional disorders in patients, suggest that volumetric alterations in ChP and EPVS
may serve as characteristic measures in SSNHL.

Key Words sudden sensorineural hearing loss; glymphatic system; choroid plexus; perivascular spaces;

cognitive—emotional impairment
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TG 3 A 2 BRCD8+HM I TAHME %, CD8+THHMIZEXHE MICD16/56 NK4EXHE 5 FilJ5 W& A 0C . 1A Mvs 4f
B CD8+MHI TN M %, CD8+M I TAH M 26 XHE FICD16/56+NK4a % i B T1 i s VA flvs. 5% . CD8+4H
THHHL% FICDS+ M TAR ML X E T 5 s Tolf % vs. IFf% CD16/56+NK4aXHE B & T . SRAIROCHTZ 5>
Ptk LA S UG G FR, R ILCD8+ I T4 i 26 X6 (BB 227 4/ T ) R AT 58 &P AR 1
Ji, AUC=0.750 (0.624-0.876) , P=0.005. RHLE100%., $51E47.83%,

S5 ANIFINT F7 IR L BT 335 S 14 R TR L 200 M Y AR SN T, R EL 0 S B CD 8+ T
I EEL A0 B 24 X 5 28 R PR IR P e EE 2 R i & A S PR B A B R .

SHE SR MERR IRELANARE R CD8+M T L 40

H NGB AP H AL R LA P R B AR s
AP

XAE, Hem, ATE. kA%
LA TARER

Y. HENE T HZRBIERMESE . THIEARGE TR BAR P ARZ N,

Ttk TGP LB EAR B EIGIRTOR, SEHRFAREH, KolgesRmEE, B4FAR
MES TR, BRI G 322,

iR, BEEWFERZWY SRR, K 7EE I R EASR, A BE S IR TF AR W%
B M RFL RO+ B ENIEAR , BIEX T AR IR FARE ) E A3, 5214, FRRFARIEF N
ARG 2216, RIEATH (H7M) 6. MHARREE &4, ARFPFHABG (35.90+7.35) dB; A
RITCrs & L5k, Wit RO RAF, RTINS = OB 76 ( CTr 4], ARUT 36 ) Rk
AR B4, VIt SN AT, [RURATIIES S I R4 ( N TUrE46] ) |, R g e a 455
A RIRABG (15£591) dB; AJg—HTH, FLRIEBRE . SUREE106], 1518 FHATB R4
BAE S B Lo e R, ORI, HATRIE R A, IR BT A A IO B | THE
MZPER I

g5t hHIABBIEARBE N HIE R K, NEHNE TR TR, BNE AT A,
HEWEE . EFE MR, I PRI IS R R AL I, PR ATREZ M E 4 i, B RAFAREH]
IXIE®

Wig: PHARFAREM, FHFHRATHHIRBEERE WEFRAATH )25, FEOXLE
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2025 0

IR R R T ph 2008 3 & s S AR s iR B . LR AR T4 A S BRI 1A . sl .
TS A . WrE A AE . TEAIR G 10 R sp B HARIE AR S5 S4ENT 122, T K E S E550dB, Rdk
BN BRI, ORIRE e G B E R TR R E A S S5, P EE, B RS a
EHIKRETIAEALR, S HRAENE, IR T FARMERE, 4L PR R 17 1 22 B a8 5 5 Rl
Keut, NFEERHBEAE SR E, e . maKEE . Weis s s 08 v EN G, I E
EIE, A RE S 45 B B e As . TS E bS5 R Bt i ) & I T B SE BY S8 RE R B TR R E R
W, BEEREmANE ., S, RAKmEE SETERE, BEERPETIRRIER, ERERK
IR EAEEMBEER, [EARRTE

LG F BB IER TR SME N0 L RS . EEWR, BRUHS ARSI AT S E, 3k
B— TR AN, B T B A 2808 8 1 E 20 TR v DU g T He o) B, (HAR SR R, RiG<
BRIOARLE, HEEMEZEIEARENY ., PEARBEREENTEY O, NE NS P EERATE
JEfas ], HNEE AR TR BRI AT, T SREFIEMT, 0T LLFEAS DA B Bl D2 sl o ) 14
T, XSRS N AL B RS st R e . HFEAROMG/)N, BRI O, REWE L,
HWNE FARBEFARPI D 4G RS/ DE 2T, ANTARE., i sMilsE e i,
BB -Bg e A EARR,, 1HEEHE I TFARIEEN YA, R FHAY, NE TS
SRR E B BN AR G i, R TAYRBE, K F2s, REEGY, ANTHEMEETERL
RAFZE TR, iR IR EIEH L

B2, HNEETHARBEFARPREATIERRL . BEFRE, 5 TH, HA RN A
Mr1E.

T BN P EARBIER rEas

B JLAEE D H 58 6 A6 ¢ 53 B e SCik 32 2

R AR, ENKX, RAA . K
I R F W BILE B

FAY: SRR LA E P R AGIRRERIL . 2R | Il FRIGT T 70T .

Jridi: BIFBE20214E04 H 2025401 A Wiif 245 v rh B A B LI IR BORE. o, 53 &4
Wi, S i Z6 7 RO, e AOCL R . HREE SR . FLRCT MR A, $ET7 AM R 7L
TR . SNEERZFE BT ARGST, IR R A A G R R DT A R AT, AR RAEE 5 Hh e B
Vie

R 2BLIUARAT R R E HOA M . APHIE N ZERE AR, BB IR AR IR R 5 IRl
AP GE B ORI IEERE (MRSA ) FAYE, FRHRYE 25 OIS e R A AR MR UR IR . ARATAYFLR CTHE
AR H LR RAEA F LA IR s RATMRIR/RFLE MAMHE F PR F 55, BRTIKT2,
T2RNRE T o ARAPELULEYE A ZF I PESOE , P TIEEIRSE . P U BIAR 5 e AL G B BHEE Bk 8
i, VAR H B 101 R 2 W e 12252 B 1 L6

g5t BA LA P R AR RE, SIFZ RIS, MGV ERIGITHCR R AL, N5
HFLRCTRMRI, KT LU VDT B kL, AR5 455 d kLo Bs i A W sis Wy, IR R e
R, AJE A TR R LI T 0L o

K [ ORHET ] AL SR P EHR; IRIKIGYTY



REFAEH- AR AE AN 25 Beith i 2 i i 2 B 1 i

R
Rk — B

GRS AR ZAENT 310 R S H R A — R DL AE , AT B2 U S PR B AR 25
Bft. JIZMIBEITIE R TR ARG M ME AR R A B R RE A IR . SR, XM D BEE AN
G2 BN Z (8] TR R AN RE o O TFFEIXAN RN, ASBITFEAH 55 1 3044 WU 5 K 1k HE 258 J 5 130
AARFERN o AR T 2538 Ml RECE R B2 D BERE R UG8t o B EE B A T A
AR BT =B

BEJm, fE)a . DXBMIAEKF b, R SRR H 2 R RS AL L S @ B R AT LU . i,
TRV T BB B AR R AL T Z AR SC R . BPRER, TERRKE L, RRMERGEMZNENT T4 R AE—2)
PR B R BN B 255, (AR "M =R PRI Z RS . XU b, RAREE WA
W F 345 K K 2B TR R 00 Tt g J= A B JEE (R R B AR, X S i 3R s DI G . R T
W28 K-, SBAEREE N ENT T R A SRR vh i s i B 22 5, MR ARS8 —RIER — BB e
Pt P 28 BRI 288 v s 1 8 58l . XU s 1 9 AR ol e PR T 40 R B Dh BB JZ IR
T, DIREIE R RE A UL 5 R AA R RIS 4 B DA G . 88 8 S0 BR g O R P H 22 A D) RE FE A
feft TR YIRS o

KT RERNEHE TREE L

BT FI A% 1) PR A PEASE ¥ PR R %2 2 0B I VAR 3 B

o, FE. . Liga, Rols, B WRE (ER)
HEMNERRTREEZER (FEETH ARER)

H: i ak kT2 k80 R R MO B L% (BPPV) 5L HEBPPVIWIGIREES . 2
EWE IS

Tk X20224E8 H 22024458 H fEME LT 28 — ANRERE (M ERFRAM @ L B BE ) e &0 ik
kAP BEIR IT Ak & T 5% A MR BPPVAE B B dE AT M B et o8 . 204 B A (I
HA) , Hes, w144, FiE36-76%, FEAFER (52.9+11.3) %, [RIEF BRI BT & I A 1k
BPPVEEE 424 (i WBAL) , BISH, L2740, Fiv26-74% , FIFRY (55.5+12.9) %, 2IRPI4LE
HBPPVI A SIGIT Y T IL 45 52T RGRHE R AL R AL W E L I r R A wl A 7= AR R AL R 5
SRM-IVAL, AZHR K VERR B E R Th ERZFZ IR h.Ofem . AFEVT TR 2R AR RNA T
ik, MIEBPPVIZIGTER, VAEE BV EIERLa R, RIGE L IR R R A IR J7aL
33, TR METEREM (B0) AEMEIRERRES, R St ALEMERZ SR () ALE
MRS, (FORTHG; VA EEPERZEIH R . AR PR RN DAL 7 0y 7 2, 43 i wI2Eh
JPEJRTR . WIRIT S UGR30K . XL - IR IR A5 . I3 S b T 4 1i AT
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znz 3A28-308 s
IH BN T8

G50 AFIBALZ BRI FPE NI 225, WL ZF 5. AZBPPVIY KRS 58 &1k &
A . PILLRE 2 P 2 BN C B 22 5, BN EE 2 RinZ, HUORK P EMEZ R, A
HEBHERFR G RE, HUCHRET RO R A2 MU AT TR 5 PG L S 7RL,
HABE (15.0%) , BEE116] (55.0% ) , Teskofdl (30.0% ) . BHSHIME CIGITTRIGAL, A8
1761 (40.5% ) , 22001 (47.6% ) , JC&SH (11.9%) , 2 AHBERAGITHEX (72=-2.297,
P<0.05) . AAZHMENIRY30RIGIEAGIZEI AL, G136 (65.0%) , st (25.0%) , Tk
20 (10.0% ) . BHAHE MIATT30R GV, 1GE3561) (83.3% ) , Msg6f] (14.3%) , JrL11)
(24%) , 2HWBEFAGIFE L (Z=-1.664, P>0.05) .

gt LREMFEBPPVEE T, RN 55K EFME, SEABPPV—HE, J5 AT BPPVEH
UL, Wr e, A nlE T AR A 2. FIIEAG (7R) R BPPVRZ TR T4k
KTREEZNBPPY, KIWEE (30K) Mg L EES.

KHET BPPV REEE %

FR] P PR B VA B P I O A 5 A
CiteSpace n] #4L 7 By

KR,
LHE AR ER

HE: AR BRSSO, R0 BN R RO B L% (BPPV ) SUSAF5R
S, R HAFRE SO . AR KAk, RG2S T R T S

ik BUERIE TR EMM (CNKL) | J7J7, 483 s SC8die Iz, KeRokmsh « ( RAYERE &R
BEPERZ % OR BERVENI B YRS OR BPPV OR HAAE ) 7, WHE)ESEE H20004F 1 H £20244F12H . 4
NoteExpreSSjg‘E&J\IﬁﬁE , B SR 329455 - ﬁfﬁCiteSpace 6.4 R1EA:, BBV A A1
AR, SAMRE R ER . LA . R ) S Sk, BIEERETop N=50, i i Pathfinder 3318 59 %
2, SEORAFEE (0503, $>0.5) WKUE/bra] FEdk.

4

1. B3R 5 EaH: 20004FE5120244F, S TBPPVIRA ST B4R, JUHRIE 4R, Uik
Bt IR A B, RENZSUEAZ B T MOR M 2 B O . WS SR T IR 411 R A2
YRS R B F)y T4

2, FEMRHIGEE . KICREZMEET =00 0EBmiE . RTFHAERE, KR RE
BT = ANPGRS S R g TR ZE R BE g . X SEHLMIZEBPPV B2 18 S AHEAIFSE
di s T IR

3. SCEERE T EMUOCHEI AT AR . FIREAL. HoAE . R BRAEIR, B Wi
RIT-TR" BIRFIE 2R

4. KHERRA . 1228, e CTIREAT CRHAT ChROEREFRE; AR
N7 ERIET CMAENEY RBUEEESARHA G MR BRI W 1 I RAME S 0T
Ko

5. KHERZEBAHT



LR BFRFH R F TR

FH (2000-20134F ) - REEMTIHLE CERA . Bal) 53Rtk (2005, IWKRTE) 5 b
W (2014-20214F ) « FeppHee (2. B%E) SMEcH (shamph) 5 5 (2022-20244F)
KFr Al (b ENT  SRAER ) |« TUREH (ZRF. P ) JEERE (WHEE . Bk
)

6. WFFEHTNT 5 K R

B %5 X BPP VI AL FA T vk IR AESY , AR (I 9T 2 R A5 T HARE R R . &2 &AL
il BEAEW R . AYRTT (RS ET ) . R, BEE SR EAE S EDE, X TFBPPVE &
EBERA A CHISE H 2505 2. DLAh, P30 B2 R S0 ds ol R A A A B A 3 I AR R B

58 BEEWIGEITRA, BPPVIWIARTT ik M B+ 1 # SO WG T, RRR TR AR A A
N o ARARMIEFR T Al Re S M EEDLAIRYT 2 . B B Rl . WOt IR AR TR i L IR R
B ZIGTT I R o W A ik 2R A AE, BPPV I PRIZ 1A A5 21 5 N 4 1 A R G )
Tt

S RAERE R VRS, B AT s BAIE

—BIOTOFIEPIFH K Wr di2e i3 & Betitbwi 1l 53 Br

[RE e
B TP A AR R

H B I Blotof 3 PR 2 AR FH DG T il 28335 ZR B AT 141, RIS I AR X ) L 3 W it 48095 141 1) S 5512 W
OAE AABRIE A i fir b B

MRk BILE, 35100, HAERDUEE S &g ifdmat . 3% OGN . KEIREME, JM
MRBE F PAVAE, PUIRAZ RS SR IER . 3% 7 A TAMNEABRKG A WK T95dB nHL, OAEART|H, CTHE/RIL
MR . EEREEMIER , RI2 AR E T e, BN T HIRA . LR R E F e
Al SCHBOWTER TCRH AR . ik Wi KA . AT 2 Ho44dB HL, 47 H47dB HL; P& 18
K (MESP) : HiB%592%, HnkkilnPe100%, FE5991% BE03E75%, Fiasr#76%; Hib
S5 (DPOAE) : X[ 226Hz = K. WUHARY; WrdEi TR : AUV 8 >95 dBnH; 90dB
nHLEUE 7 F 2807 . SIS s 25020 LT b BT 5 ABRAUCHAR HE T AT, Nz
HS RS 5 HIR GRS ar A g [, R LSR5 . Seekdr . N HMRL: XU P H-P43 ok
BRAGAR W G S o ER R DA - AR L IR) AC (W] BR R R A I 1 24> A% R A A 5878 . OTOF A 58742
c.1803+2T>C (NA)c.2897T>G (p.Met966Arg), LR FMIE, 2B ILAMFIFERE A, 5k A AR &
HAA R TRE AR B LT 2,

i ARG A2 W R OTOF JE K 2 A8 FOC W A 280 1% R A (ANSD) o fULHZERTOAE
af . SR LE SR IR, HEROTOFAHJEANSD I REF 30 iR & VR I S PET I ars, Sy bl
it . AMBERIIIRIS I B MR, IR T ARG A TOAE S ABRFJEZS S, HAHE hH-
RXFOAEM RIS EII®] AT IFOAEMRE S ) o BILBIUT 873022 5 ANSD F8 2 Wr 5 sf 1] G ) [ A5 4
PEADG, IERBE TS A T IR (CT) midkssibBInT .

BHe: 1. B AL &SR ECG OAE S AABR ( AW PER TS ), AT LAS I BE T s i 22 A8 L
M2 2. PSPl ke e BE TR (e B A THARAA ) |, (B3 5 BRI T T Rk s
ORTEEL, CWPRARGER:; TR BIREI I sl S T FiREAIRE )T, IS R B i A5 5 TR A



)

2025 =57
WIRT WS, 3. ARRMIN BOTOFFAERA R FE, Hor 85 R4 LT (R A BRVTSEIRE, Stk
WIS NI L F R (WA ME ) 5 7 ANSDARHEILIZBNG R ( OAE+ABR+CM+JE G ) X ik )L
HWT RS R B G
KB WrPh 2835 R ks, OTOFAEA

KT 2 BLEMRIR IEAE B SCPEWr T3 5518 i ek L 2 fiE
1 Pz SEE 0 2R

BT R RSB, XK
Rk — B

H: PRICAFISAHDCHENT J 8 itk 2 R G D RE el 28 RO S5 W T R AR BE L AN RE Sl 28 R A
FEARKT-Z I K FR o

Trids: ARBFEAIA T 13024 450 A MR T )45 2 S5 38 R 121144 AR I DE TC A9 A BRor B, e HE— e i
IRBEOEL . INHITPAN | I IRREAS St e AR 8s , EAET UG LR /% (T1lw MRI) 5 yRHEK AL
% (DTL) o MESNE MR MREIREN F o (TNF-« ) , HAMAZRIR (IL-18 ) SHAMAN
%6 (IL-6) /KF-. HETTlw MRI, FIFHUREES: ) 538105 3647 ks AT (CPV ) AR il 45 JR] 16l ] B
(PVS) , FETDTLHEATI 04 & Al BR R Bk S 5 7B ( DTI-ALPS ) , 456 FRFetrss G IFAhiis
WKL R GEIIRE o AR EE 53 A1 R Tk 37 AR AS ok 0 B0 2 — BURR JE UK S0t F A T2 TR] oA, IFn T B2 R 2
FRARSC M, MBI, T TR IR I R G DIRETE bR SINHIZNRE . RIEZ A E R

ZEI . AR AT T B I TNF- o (P < 0.0001) . IL-1B (P < 0.0001) . IL-6 (P <
0.0001 ) ¥ 52K TR, oAk, HAKZEMMARL (P = 0.0004 ) K4 A FE R (P < 0.0001 )
KFAEHEXT L, DTI-ALPSTERUNFHEREXTIRAL (P < 0.0001 ) ., Zead Z 8 A IE AR SE 00 R,
SWHAEHPTASCPY (r=0.19, FDR q = 0.0139) . PVS (r=0.23, FDR q = 0.0022 ) £1EAIK, SALPSE
TG (r=-0.33, FDR q < 0.0001 ) . ZEMREIIREFEAR S RAEH FZMH, CPVHTNF-a (1 =0.19, FDR
q=0.0134) | IL-1B (r=0.22, FDR q = 0.0045) . IL-6 (r =0.25, FDR q = 0.0008 ) £IEAH5E, PVS
HTNF-« (r=0.25 FDR q = 0.0006) . IL-1B (r= 021, FDR q = 0.0052) . IL-6 (r =021, FDR q =
0.0062 ) SI1EAMFE, ALPSS5TNF-a (r=-0.37,FDR q<0.0001) | IL-18 (r=-0.30, FDR q<0.0001) .
IL-6 (r=-0.29, FDR q < 0.0001 ) £HAHKE. HAbr iR, TNF-a 7EPTASALPSZ[H] (-0.0091, CI
(-0.0144, -0.0040) ) ,IL-6fEPTA5CPVZZIA] (0.0060, CI (0.0001, 0.0117) ) , ALPS{EPTASZ2%:
FIRINAERE (MoCA ) 1840206 (-0.0053, CI (-0.0115, -0.0001) ) , CPVIEPTAS¥F45 58l
i (DSST) ZE (-0.0048, CI (-0.0094, —0.0013) ) fELEFPAZN

G50 AFIRAHOCHENT B e AT G 2SI 0 R S DR R EE L, OF H 5 UK L AT
PASCARIEACEARIG o F T LR AR 0 283k LU AR B (8 TCBUIPAS AT LI —Fh T 5 HL ) TIPAG 0 AR W broks
Y1, TP A DCHET J 45 2 Hh SR RAS R BN A 52, A8 Bl TSGR TR YT IR

SRHEF AR AR DCHENT ik, RIRERGE, MERAE, I
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ZAR S TN RV RS PR B PR RS
Y5 ML 25— Fe 4k 7k DK P A JGPE 5 B

BMKFERBER (HHNTH-ARER)

H 00 B B A4F BE 5 25- 4 A2 R D AKOF[RE Kotk RAERE AP B PEZ % (recurrent benign
paroxysmal positional vertigo; tBPPV ) Z[RI[IEF

TR 2016 41 H 22018 4E8 H WIEIFES MM 2 Bt 5 Bt B S AR T 1121206 1 4915 &2 K 1k
BPPVEAEEE (rBPPVAL ) VERMBIFEXS, [RIUSER 7641005 K 5 B BPPV 24 AMEmBPPVA, Jfi%
(AR X R4 (healthily control, HC )36, 61 FIrA WF 5T X 42 14 1L I% 25 — OH DAY & R B A e A Ak 4845,
(AP s BT SR 3 B — FRORM R R, 40 AT N5 25 — SR 4EAE R DK 5rBPPVIRIOC & .

ghEL. TBPPVALFHE K IRER2.5+0.5 (2~51K) ; rBPPVAL, nBPPVZH HCAAIAEHS . PE5] . BMI
FEEL. I H R L OREAKCE M A B RN BUR A L, 22 R TSR R L (3P>0.05),
rBPPVZH (28.49 + 11.35ng/ml ) FInBPPVZH (36.67 + 14.38 ng/ml ) I T E.25(OH)DHE & B A% T X} HE
HIHE (36.67 + 14.38ng/ml) , ZESFAGIT#E L (F=44.781, P<0.001) . Z:Spearmantf5# i
IN:25-$3 48 ZDIKE SBPPVE R IREE AHSE (r=—0.102, P =0.031) . HiE#H—FELlogisticZ N E
[B1H 5347 B0 RIS A825-0H DK . AHXS e . 2otk . BAP N SCai BB AEBPPY (3 & K (M 37 15
BRI, REe s A H S AP R R

58 KK G 25— B 44 Z DN ZAEBPPV [ & RAEMI XU o FMFEAMEVELEA: 5D K hnss f
FEZCE A R T80 BPPV 1 & A= i BPPV & & A5 — 2 Tl i 1

KT RYEFERMAI BRI 2 25-FR4AERD; B Rt

AR BTt 7 P i v 1) - a5 vl Ao
A/ LWtz 15 Wi b 19 L 53 A

& 5847
HM EAXFHEER

H 052N LT 2 12 W b 3 U RO M 75 e s BRI i B 2. ( CMD) B4 DR FH A (LB

J7 e B 202245 1 H -20244F6 H AR Bel T2 Sti2 /N LT i 226001, FicREFS btk . B A& ot

(DPOAE) | WrhZeii+ 5, (ABR) BIEZS R MABRELRLAL (n=32) | W JIEH 4 (n=28) , W4l

Oy BEATCMAGTN . DPOAEKGIN . 75 Siab i, ABRSICZH— M N B e, A s, KEE

EE A, J0GH R — M 1931k s 5 3BT /N LT 2 12 W rh 3 LA SO P e P T S 1) B M
o FLE I R R FH A
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2025 7208 &
50U ABREE LG HCM . DPOAE ., B(=E FHE 4RI MABRIEFE A0, 2RA%1H#E X
(P<0.05) ; ABRERKAIAYCMETFESS LLABRIEH 4L &, ZRAFITFE L (P<0.05) .
S510:CMAT ELH R N H AN B DhRe, X T 24 LWt 25728 DPOAEARIC S . XAUH ABR&
Kt HH TS 5 75 B TOMAR A, Bl 1R I2 T 295 7% .
CHHET TR RS s CM; HER 0 W 2k S s

W S5 4% BR DT kT B8 B ARIR T F IR T 5 VP S0 i vt
697 NS PE i [ P 2 i P b H- 98 15 50 Ml A 42 45

R
EET R ARER

E R s 18 Pt ] 1 s v 5 i PR LA ) R B IR, SR IE k2 | IR et
. REHE, Mh AR, 2R WS B ZE s BBk BN R RN . AR
IEH] OME B85 WS DI RERE TG 481540% ,  HHTBCA 259677 S0 ARIGYT 7T LA H X MO RERE S . A
N FFEIRGTIN S A Bk #E Y 7K R ( Balloon dilation eustachian tuboplasty, BDET) #ﬁiﬁ%ﬁ%*(’l‘ympanotomy
tube insertion, TTHA T &5 H S0 T BTG Y7 18 Pl [ 14 23 3 1 Ho B9 T 3K

BERE: AR BE20234E 1 222024412 7 12 T HR P BERE R 7 Bt i THE 22 B B 140 0 P ot ] 14 - s e v
HRGIFA YRR BEIB0BIVE RS . IR TARAR S X B WG, a5, Frant
TR TACTIEATOR, WFEER . Ml WFE . 167 S8 o X BRZH R B Al S A T ARG
I7, WEHBE S ZWES, BEEWERE, SOME, BT LN TS BREEY SIS B E
TSRS RA YT, AR T ROR M R RS E ARG, IR A BB TE T ARG IR e . —
AL PR ZH N, 0k BT RO

Jitk s AR AREBITES QAN . 4RI IR SERORP R TEge 1T 22 57(P>0.05)

PHBEBEARTTON A LA TIISHE, BEARG 6 A B &SR PG .

WA IR YT A BOEHF86.67% (13/15) , XA NT3.33% (11/15) , WA ILEA G2 X
(P<0.05) o WMELAIA B AZAERACT XA, 25465001240 L (P<0.05),

SR GENE . SUBUE SR B AT M P T B R IR R, AR E K
R, I IARAS M4 S R REAT A IR, JF A — 0 B S8R R T SR, K5
i 2 BRI CIE R . IR TRARLR IR S IR Y TR S U BRI S T G P U R AR T
P 3] 14 S p P T H G R B YT RO 3, W RGNS DIRE , IR AIE XU BIR, KRR
R, AEAHET I .

KT WS R TS AR T B SOH RO ; 8V RV Erh B B R R
SHAEX



TR LoV AR I8 7™ 40 H- 7 2 S (8 D 03 385 BF

B, hEN
PEARMBAEFRFERLER

EAY s SREEAT /TCX 75 R R AT 15 2 75 A W2 7= ) HE S &4t (distortion product otoacoustic
emissions, DPOAE ) 9284k, #EDPOAEXHMAN 58 07 i AE FHLH B HAEBRIZ W p i) 2 .

Jik . FIFIMADSENZ A H)CAPELLA @I RE - & S o3 B A 204 (408 ) 1EH 208 - 1A/ Jox
A R FP A5 R ATDPOAEMNA,  HWAEHTE IR AIDPOAESWT JJ & ( DP-gram ) o

gL X A E N DPOAE DP—gram & EE0.75, 1.0, 1.5, 2.0 kHzACFRARI L, A1 e =i
6.0, 8.0 kHzAb fDP-gram BE{E 15 .

S5 IR L AR PS5 R DPOAE B DP—gram I (76 AT A HA S, $2 /0% 1 T PO s B
I 2245 (medial olivocochlear system, MOCS ) Xof BRI AR X AN 40 A SRR, mrE s i X A
el N DO RNV SVATEE NS

OB WZE P HAE A s R IEON s RO E i R e

Rk H-BEWTOART 7 IS AT 7 18 100 A ORI

el R Heka, g
LHMKEFWEBER (M TE-ARER) ; 2. M AIFER

H 1 USRI R B EWIUIRTT UG FHATT IR IRRCE , RN IR EATZ A7, LA
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Disrupted Cross—Scale Network Associated With
Cognitive—Emotional Disorders in Sudden Sensorineural

Hearing Loss

Jjinjing xu

Nanjing Pukou People’ s Hospital, Liangjiang Hospital Southeast University

Background: Sudden sensorineural hearing loss (SSNHL) is associated with abnormal changes in the brain’ s
central nervous system. Previous studies on the brain networks of SSNHL have primarily focused on functional
connectivity within the brain. However, in addition to functional connectivity, structural connectivity also plays a
crucial role in brain networks. Moreover, traditional functional connectivity analyses often overlook the spatial and
temporal characteristics of connectivity changes and fail to provide directional information and causal relationships.

Aims: This study utilized Structural Covariance Network (SCN), multilayer network analysis, and Dynamic
Causal Modeling (DCM) to investigate the cross—scale changes in neural network structure and function in SSNHL
patients with accompanying cognitive and emotional disorders.

Materials & Methods: We collected 3D-T1 structural magnetic resonance image data and functional magnetic
resonance image data from 70 SSNHL patients and 81 healthy controls (HCs). SCN analysis was performed based on
gray matter volume, and multilayer network analysis was used to calculate node switching rates. Based on the results
of multilayer network analysis,six nodes exhibiting significant inter—group differences in node switching rates were
selected as regions of interest (ROIs). DCM was then conducted to explore the causal relationships of functional
connectivity between these nodes.

Results: Based on SCN, there were no significant inter—group differences in global network properties between
SSNHL and HCs. At the node level, the left precentral gyrus in SSNHL showed a significant decrease in node

efficiency. In the multilayer network analysis, SSNHL showed a significantly increased node switching rate at the

. 92.



)

znz 3A28-308 s
IH BN T8

level of the Left Superior Frontal Gyrus (L.SFG), Left Supplementary Motor Area (L.SMA), Left Superior Parietal
Gyrus (L.SPG), Right Superior Parietal Gyrus (R.SPG), Right Inferior Parietal Lobe(R.IPL), and Left Thalamus
(L.THA). Furthermore, the node switching rate of L.SFG showed a significant negative correlation with the Self—
Rating Anxiety Scale (SAS) scores. DCM analysis of these six nodes revealed differences in the functional effective
connectivity between the left superior parietal gyrus (L.SPG) and the left supplementary motor area (L.SMA), which
were positively correlated with the AVLT-delay scores.

Discussion: These findings suggest that SSNHL patients experience structural and functional remodeling of the
cerebral cortex, with hearing loss leading to the reallocation of cognitive resources.

Conclusion: This provides new insights into understanding the potential mechanisms between cross—scale
networks and cognitive—emotional disorders in SSNHL.

Key Words cognitive—emotional disorders | dynamic causal modeling | multilayer network analysis | structural

covariance networks | sudden sensorineural hearing loss
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Cochlear Organoids on a Chip with Blood—Labyrith
Barrier for Noise—Induced Hearing Loss Drug Screening

Bin Zhang,Hui Zhang, Tingting Liu,Yangnan Hu,Renjie Chai,Yuanjin Zhao

Southeast University

Drug intervention represents an effective therapeutic strategy for noise—induced hearing loss (NIHL), while
precise screening of drugs capable of traversing the blood-labyrinth barrier (BLB) and exerting treatment outcomes
remain challenging. Here, a novel cochlear organoid on a chip with BLB is developed to recapitulate cochlear
microphysiology and enable drug screening related to NIHL. The constructed BLB component demonstrates
outstanding barrier functionality, as evidenced by high transendothelial electrical resistance and low dextran
permeability. Through this platform, magnoflorine is identified as an efficacious compound that can traversing BLB
construct and alleviating oxidative stress and apoptosis in tert—butyl hydroperoxide—damaged cochlear organoids.
In vivo experiments confirm the successful penetration of magnoflorine into the murine cochlear lymph and
significantly ameliorate NIHL in mice, revealing a remarkable concordance between in vitro and in vivo results.
These findings suggest that this BLB—integrated cochlear organoid chip establishes a promising, physiologically
relevant platform for high—precision drug screening in NIHL treatment.

Key Words cochlear organoid; organ—on—a—chip; blood—labyrinth barrier; noise—induced hearing loss;

magnoflorine, drug screening

KT L 7 SR A N DR W R B % 1 Sy AR AR 5

Pan Feng'. Qian Zhu', Yangnan Hu'?, Renjie Chai'’
1. School of Life Sciences and Technology, Advanced Institute for Life and Health, Jiangsu Province
High—Tech Key Laboratory for Bio—Medical Research,Southeast University, 210096, Nanjing, China
2. Co—Innovation Center of Neuroregeneration, Nantong University, Nantong 226001, China

Abstract: Differentiation of spiral ganglion neurons (SGNs) based on human induced pluripotent stem cells
(hPSCs) and their targeted integration has become a cutting—edge therapeutic strategy in the field of auditory nerve
regeneration, yet SGN regenerative therapies are still a challenge at present. The aim of this study was to use human
induced pluripotent stem cells (hiPSCs) to differentiate into auditory neuron—like cells with highly similar properties
to those in vivo, and to induce their directed growth by combining with conductive mimetic scaffolds with a super—
aligned topology. The results showed that the conductive biomimetic scaffold could significantly promote the
directed growth and functional maturation of auditory neuron—like cells. Further, by co—culturing the differentiated
SGNs with denervated mouse cochlear tissue and cochlear nucleus neurons, a human—derived model capable of

mimicking the auditory loop in vitro has been constructed to explore the process of reinnervation. This project
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provides an important theoretical basis and technical support for the clinical application of stem cell therapy for

hearing loss.

KA hIPSC;SGNs;Orientation; Auditory loop

Light— and heat—responsive microneedle—based delivery
of adeno—associated virus AAV—mediated BDNF gene
therapy restores hearing after noise injury

A24r
A XF

Noise—induced hearing loss affects synaptic structure and function by impairing the function of inner ear
hair cells, which in turn affects synaptic structure and function. Although systemic drug delivery has traditionally
been used to treat inner ear diseases, the limitation of the blood labyrinth barrier means that therapeutic drug
molecules encounter a large number of physical obstacles on their way to the inner ear, which can lead to reduced
therapeutic efficacy. In recent years, adeno—associated virus (AAV) gene therapy, a cutting—edge technology, has
shown potential in restoring hearing. However, direct delivery of AAV to the inner ear faces numerous challenges,
such as biocompatibility and delivery efficiency issues. Therefore, optimizing the delivery system of AAV using
biomaterials has become a hot research topic. In this project, we prepared on—demand controlled-release photo—
thermal—responsive microneedle delivery of AAV vectors into the inner ear of NIHL guinea pigs in order to increase
the expression level of BDNF. overexpression of BDNF promotes synaptic connectivity in NIHL guinea pigs.
These results demonstrate that local gene therapy for NIHL can be performed by effective and minimally invasive
microneedle delivery technology to effectively promote hearing recovery, providing theoretical support and laying

the experimental foundation for clinical restoration of synaptic connectivity for the treatment of hearing damage.

FEEF microneedle; AAV; BDNF; hearing loss; Drug delivery
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Wr Rk HRG IR ARk kA R al PERE - . FR L SR AR

FERITOURE TPARIER, AFREIEE LM F IR R HNEBIHE T ARG P H AR
T ARDIER H 23] 2 o N BRI W A O BELE RS T B A2 ) [R) I PR3P B 222 b, FRARAE
BEEFLRA N BTG AR K AN BEROR REIS B4/ MR T AR BE A AL A PR

Z5E BT P FLRAIA+ S BB ARG, Fe iy rh BRI AR S %, T H BT FLR B HIER
AR AT R AR, ARG AR JIKE R4

AT A BNEAR I BT AN AT PR A A% S S HE R BEAE HE A B B AR R B BT AR 1
SR VAT NV I T

Kt BN R R A8 R

I W 85 R P P s A 2 8 15 B AR AU e -
REAL T HOR I 15 27 FHEME

ElE=
M T L+ FLAER

BT AR i M e e 4k 1 R T, LRI i B B2 ) (R T e R AR . AR SC
RGLER IR L SRR, ARV i . b A RE . BAE SR, IR AT
g (A 5EFEESAIEA (DSP) fEMEER N . T2 REdE T, TR
FHNHRE . AT TR B, smIEUT 2% . HRlE 5 A 22 RHIMEM . D15
SRR AL B VT 28I PR AR B LR TR A

1. BT 25 BEBCAZ O AR TR

1.1 JERbIT 1 1EA,

PEit (9-16 kHz) - PO I HARIEIX , #EGd BETK (Moore et al., 2020 )
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2025 737

FHigMr (HINT. QuickSIN) : LM N FIBFUNEE, 15507 mdE e SHu s

1.2 b5 A e PR

PN (DSL v5. NAL-NL2) : HETH A% R S5, (I TAEGNAL-RPA R
( Scollie et al., 2022 )

N AMESET . BRI T DI RE R, B P g B e LL A Ak

1.3 B uF 5 5K

HEAAEZME (RECD) Wik JLEBHLT, REEH <3 dB

Wi F O (SID) 387 HARMERTIA70%14 E ( ANSI S3.5-2022454E ) -

2. BARAHT 516 RN

2.1 ATEKBiE B &

TREE2E WA FENH] . WaveNetZ2A4 S22 dBFREEME RS 220 ( Chen et al., 2023 )

HIEN 5508 il FALAPPRAE M P A SR8t . A shbldsk 165 TSR

2.2 SR

fii L (EEG ) PRECEEA : SRS Wl og j2 230G s i, shaAS P 4k ( Lopez—Gordo et al.,
2021)

2.3 AR ECAR

IHFEEGRUE: SCRMZ FEHEH (REAR ) iR22%R4(1.2% (IR i 5n=120)

3. PR SRR

3.1 I AR

SRR B A S U58% ( ASHA 20224 )

BSRCIM K222 RN T2 R % 1K34%

3.2 Ak ifems

HSTAMERAERE (SOP) & il (BTSRRI BCE AR (I 25 ) (P fREE2242023 )

JERILSE (VR ) @IS P38 i R M2 1R 440 229K (p<0.01)

4. inlﬁ

BT ER e £ B — 34 25 A M R R A A A AR P O - SR R G TR . R E— L35 AloT
(NTHEBEDEM ) HAR, JFAEIETHFHFEANE (EHR) MR REIUR 250, @BUMHE — 2 & F—+LIX
sl , $ETHELZE MRS T Rtk

RHET BT ARG, T RE A AT R

SERPE H B HAS: i B AT 7 0

FE
IMKFEWBER (M TE—ARER)

B BRI EarWel HLEEF I 4G 7 Je R BB TR S T Y7 R S5 AR

Jrik: PEE20214E12 7 -20244F 12 H 2B # R BRI T35 (40H- ) Se RMHEIEARIEEIL, %
HEarWell E L AATT, Bl aisfl . AR . ARy . MR LR IERCR . IR IE K&
Ealp=yi

ghEAL . BRI IE R N92.17%, IFEIERKAEFRN3.67T%, FKFRIHEE HN89.67%; <90 df LAY
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LR BFRFH R F TR

BRIER . LR I R 190 ~ 180 diRJL (P<0.05) , Ff&4E & AR IH BALT90 ~ 180 dEJL (P
<0.05) o AFPEREILFFIER, BRI R ER LR L (P>0.05) o AR HEIE AR
e IESR  SER R R A GIT2AE L (P<0.05) .

4518 EarWell LR IE 2AYT e KM HEE SR Y73 3, eS0T, JRRIED, ARk
AN, R IE RSt ERUR Y, ANIRI SR B A I (0 57 IR SR 22 5

Ky HEESWIE, EaWel HRERFIEAY, BFERCR, SE3CR

KET- S HL DRE Y N T H- i el o35
At 2s T2 i PR E

M. BRRE
BRRFEFRMESAARER

Hi: BHEM Lot (SGNs) A SEUY BB AR, T4k, AN THRMACH N JLE
RSN T3 R B R b S M LR ORI T O 58 o SRT El T T 8 o3 AR R P BB AESGNs 22 [1]
HIZSIR15R S, B N T HSE AR EH ARSIV SCRATI R N SZ B . PRI HS G Ns I i) F-AE A48 o B i i 2 1
HERIOT RO A RKE S . AR Bfemd UIRes &, Wa—F il N THIRR 20455
NSCsFEHH , MR HE T B4 28 70 734k SOE [l A

Jid: W& PPY@PDAGUKEF YE It — 2 5 4= Wy i Mk B L DS IR R B RS KBRS ( GelMA ) i#F47 38 HK,
AN RS B T PP A AR NS R BT = e MUEE R, DABEFTNSCsR SR . i
T AT ST ) AR RN B AR SR 25K, R S 9 RTINS CTEA R TR IZ AN T H:
IR R (EAS) FRAERKMEAT I ST s i H A

SEG . It — RGN FRAEAGIN AL £ BT RUR 2 A A . B TR R A 0 N TR P e ke
L FRATEES00 Ha L T A RIEGRE, 4 B R0 minFFARII, TR BE IR = FIFAE AT R AT H
LI A AINSCs AT, WE TR, NSCsTERE T 188hz#3 I3HZAYAEAS)S , NSCs%iit B i3 i .
DR M A VS22 A EASTR B AR, 45 K10 min X NSCsHEATHIIL . 455 /R £ BEAS 2 JF EdU B 20 i
7 I, HES A RN, X v RS R O EASEE R T AN P A E AR B B SR, bR T 4 Ay
BB AR R, EASKRERS (058 A 2 on B0 1 i ELR 2R B g, HESmE AL, AT
REJE HH TEAS AL LS S5 A5 SR N T80 . RIS s s RME . Gt It b T4
TCI AR LA BB AE M 2 TS K | 0 S 45 R R R EASARHS KNS Cs 43 A — 2 (I fE HEE
H, SO FEASHESE THZTZ MM HRIES), 8 T8 FiEiEg . i r oz R BRVEASE
FAINSCs 4 A2 4 28 0 5 fil 4 BRCGAA — 8 I BRRAE AT, 3 T BESREASHEIN T M 20 Z M A5 515 6 M
SRIE . SRS Bon, TEBE R AR A T A LT B 25 5, HEASIEANSSE NS Cs
BIG F7 o LG BEASLL A Ik 5 /N T8 BR 20 LA 16 s A W g T AL, e) PR (R0 X BR AL, 3%
TR HE T EASH) S MM R AE A 75— AR FHMSRNSCsHUAE 85 TRE . EASIS BINSCSES RS R T 5,
PRIETIEG . BT, EASTT LU A S i3 NSC 78 G H U5 b oh w22 25 ShBE TR A, $ w8 4 22
LI LG S AR

450 ARBFIEHIE T — P AIGelMA-PPY@PDA S HL VIR 15, %3 N2 RENS [ 5 {2 UENSCs il 1
B, AR e, BT S A YR A EASBENS E— A SR X NSCs 1 238 58 AL AR A
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ZEFHSI P AT W SRR G2 Wi ) 5 B

ERF R FE O B RICH
T SR A TR

HAY: RN HAZFFH2IF R (multi-disciplinary team, MDT ) X7 A0 G 5 T 17 5L 10 i A
W, R G BRI I % .

Tk Il B, 3HER, “HVAE L 30RWT Sy A AUCHARGE " WS m T A g O e L 2 DR fid
Bh, AN G2P1A236+5, Apgarifir10-1077, HAMRE2960g. Mt Fids: WHEIIE, THAN
HiEw, SRR ETE. SRERE:. NHEMRUR IR 25 r¥fd. 3A8 . 7THIRABRIT 112
Wr: XCH- bR pae o2 et . HBRNIZHIRGATASKI E R E T CIikZSR) |
PDZD7HR ARG (BEE ) o HUARZFAREE . W7o, HURARERS | WIRABAE YRR . I8
ST THISSH ISR B a8, 12 3185 Rk, 22827 JLEGERHR I T U a2 W U i
FRBERG, EERKELRE, R,

g ZRhsyr ) LE SR T REAE R, ARV RERE PR, BT RCRVEARL, Aoy

(2%471) : BUWTWTEIZ H41dBHL; 47 H33dBHL. 5 [ 1I2#E T ST, GESELLA AL, FRE
OETHAZEENS, EFEHIZG . B OINGSLE TN, NLVMERE ), S IEUE, HE
HATRET A Z, SRANBSREZ, 0T hie%, A Fdhidtrm e,

Z510: GATABZER ZR BT RFZRDEWBE-EREMEEHT-BLFARLEEIE
(hypoparathyroidism—sensorineural-deafness—renal dysplasia, HDR), N PR M BarakatZi 5 F, JEH QL@ AR B
L . ARG I3 BS WO S R M H AR, THRBIVTER R EC, 12 @hE SRR IIZ:, kAl
WA 2 ERRST R, WL R (DT DRER . FinREIRS . IS R RS ) MIHDRZEG
i, AWroE 165 . N, Y DA 5 T B E TR N 07 5, I s . HURAR I RE R
et BEVI3EENT PSR P BT 45k, R WL R [, JCHRIRAT S IS 1, BRI AR

WA LRSI, AT RS B R A FEERBRY L, S T IR A2 K
-, ZREEAE T HE TERE R, AR TERRERE . SIRTEIRIR TAE TP IRAZRR VT I AHICE UL 1)
Il R B W AR LB 129T R

KT Z7ERReyy WARZ IR BEROR & M H - R B A REEGE BRI
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znz 3A28-308 s
I - AN s

e

N T H BRI & P HERE 35 vl 6 1 B PESHIAF Ak
g B 38l i R BEAE

S SP/S
BAMKFWEE—EIR

Hi: AR EERGEITAGANTEHE (C1) MAEER LT FAE D 8w b i iee s, EaxX
TEHA RGOS S LR (MRRev ) MPERIZEZR (MRDS) MR ES, JFHIEHVT S (NH) AR
HEFTXTEG, BT T e B AR A OGRS CTIRIA S S B R E IR LR A

WAL AW AR FE LAIDOE Sl 5 N RE I CHEA & 224, Hp BdEos | Lt134; iEmi#9
H. WWIEE3L, FHER N (269+11.0) (10.0~54.0% ) , FE2ENrsERIZRAE] ((F SCh HEE
LA EIMRAE S IAEIR ) o (18.7+7.8) (9.0~39.54E) , CHHALER N (18.7+11.8) (1.2~47.9
%), CUEEHIEREIZS (7.9+£3.5) (1.2~13.24F) o AMRFERHRSE 7 5CHEAE MR . AR VC R IE
WaZik#HE (NH, B4 ( PTA) < 25dB HL) 224, HoBH104 . Ltk1245, NHALFH44R N
(28.8+14.8) (10.0~56.0% ) . 7 HEEIMNRH P18 SCR A ( Closed—Set Mandarin Speech,
CMS) , A )35 i DL 5 o B 0 AR Ui & o BRI &l — £ 73300 ( Fundamental
Frequency, FO) & 124.0 HzB9 B e i . feideis s i HAth 222 B2 (Same—Sex, SS maskers; FO735715128.5
HzA1 1563 Hz ) , 824 &% ( Different—Sex, DS maskers; FOZ351 4 177.2 HzA1 225.9 Hz ) ¥t

Tk AR ROE S O IE M | R R IR SR L R S PO R AR I TR
i (SRTs) , X L4387 P AL R RS & 1 B 2 R S i 26 & 5 | iR U 3E MR il . (1 SPSS 27.0 4t
AR B AT e 2250 M, SRTs M MRs i F 8 &2 I 22 40 A b AT e 140 i, 4% (C14d
vs NHAL) HARIEZE, g nlEELR (Em . m) AL R (R S48 hANEZE. N
JTI Bonferroni )5 2 & WA HEF T I 1L 3R . W [ Pearson AHIE M UL X CTAE A FMAE B 5 MRsiE
(FEN IR

GERGEEE . A &F FCIZSRTS m TNHAL (P < 0.01) 5 i35 A 1F i A v 9 41419
SRTSTEM A NBEY B m T RIS SIS (P <0.01) . CIZHRYMFZLRMRYY B 2K TNHAH (P <
0.05) , {HE5NHZAHZEML, EIMRReviZE & FMRDS (P <0.05) ; )5 & CHHAHEMRRev 2 E 5 T AT
(P<0.05) ; CHHEAZEMRRev 5T 3ERIZF 0] 2 52 AHE (r=-0451, P =0.035) o HILIATAT LIS
FILUTZ5E . CUHLAGE R ISR 2 o] B SR B R A B s il 3 1 BE S X WA I NHWT AR, FEwkiE
B AR R BN R P AT SR L ] 2 CIAE A 15 il R A AR i B R R

Fep N T HIR; FiE R B MERoRe; sedrifar; nlfER;
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KT Wrs w5 i MO L A8

Wear
N EIEALRES BRSPS

BEH AL 20 W g BRehte ARESCTE RN IBTE fn, Wod 35 T RR 2 R I8 2 U ) B BT S T () 22— W
T8 RS A H BRI B Tk BT D S AR AT sl S TR AR S AR RE ST, TR R A
Bk 20 Hr B AR T BEOR T B . 1Y R MOLSEPRACR, eI I Rd iR iR R 4R 2
A

Wb F IR R IR T kA VT I gR . FIEUIGR . INIIGR DB BURBMAEOR L. ERE
T B R R e W D B RE Sy, BRI TERAIE SR, B A TR 1 TR AR A i
JEo T FINBE RS p R, S HIIZRAY F b b s Halh 5 i S A PRAE ) o i e i 2
A, WEERAPUNFAEA R ATE SR, U X AR . A R R, TR
v (AnhWras . N T HSe . TEE PR ) BRI R R = T RRE BRCR . B AN T He i
IR IR S HOREA A RS, B DB R T BT . T ORI BE A B A8 BT 5 0
g ANFIARE ST, JCHAE T8 W e B S A SR, VR B TR R

SRR B8 5 T A AR B v W g B SR A 0 B Dy TR 1 2 R, (R RS, AL A b AT T
—LEPki . e, BAERMAZEREOR, W BRI | IR AR R SRR, SR Ry
EXA R B RBORAR . Hk, W B e T e B = O T D AR L, SEURTTRCRZ R
A, PR B8 1 i 60 B FH LB Lol BRI AR RORT, o2 PR Al B 525 R ) B B2 (R R W 5 5 TR B A
—IRGENE H 2 BRy il e, AENS W35 st I ) et £ 2 1 75 T B S A RE ) o SR T B
BOWT & . N H-S B 3 PO AR O N T R % T BB, P HL SO BT IS &5 00iR 7 T5 5
ARAEE T B OB K A S ORI AT, R T W T R A I PRSI e P A EE B
P, NE R ZSURR BT SR R A TR SRR . ARRIIDITEN ARE IR R A R A TR A AR 2 7
%, MR RCRIF#E— P dGs iE A AR T T

KHE T e HIEHEE 165 A

i PR BTN W Bt )L 1 55 g

AE. RAE
HITREIR

FUB: S 7 gy e ) LEE e A2 I 1R BREE AT 5 A SRR DL L™ A X BB BRI I 3R, A SOIR R A
ST L [ B, FREEPREE M R A HIATR A ), XF [ 20124E O BIIR LI Y79 44 Bl iy
B LB A T IR A

XRLETTE: AEHAXTR

X 1245 ] FEA hn B i e A2 Bl 1) 7944 W e ) L2 A i 5 (R el b 1T Rl it 0 AT, i)
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S n] IR JLEEA N, thn] LS BRI L3 A 3G 2 > IR BE 5L .

EEs s

[)48 R IR LR RN SRS ( FRE o X L T /B2 0 TR, SE RIS )
FACRIIAEE (BWTEREE, [RIPREIAAC TGO, ZIRR RSN ) o FEALAER, REF, —Bm2EkeE i
ZESL . M LER K R RGN, ISR AR 5,

7GR, R LE—IA 79 4, HPh 3 SRR E i E LA )4

(1) 1B EX A BHE S 2K R LR R EE, QIEMMIEE A (5 s
) XTUrEE JLE SRR . (3) BIMAFEKEFAREZ,

T IR S s Em n IESREA

12 AR B O W Bt JL st il {1 Y 55

82
TEILE R PO

AW B A i SEETT VAR LR (R — SR A R SE . 7E R LR R IRkl b, SRR AN 1
TR W T TR LB AT R R MUHIRER . SORAE D Bl R AT AL, AR R . £
RS A SE ey 2 e L TR I Aoy ATl W e ) L2 8 e e A2 S (e LR 24 5 T A
PRI SR

KHET KT AR WipE)LE

B LA W Bt L il £ BOR P A R

T, HDE. TWHF
LK AT TR B EATESS

UTJLAF, PEREE Rl e 2R B BRI RIBOR 19 5CRs, Wk LB R AL SR I . A8
gk, AsiE R EE 2 E PR . A SCHRE R R R RO D W R LB A S SR LI B | 4xiin, 2
AR GEIR, RAe VTR LB AR & BT PR A e ) SR ST, FRATRA T T WL
LR GHE SR BRIR AR, GIAnAE AT . PRI A LR SR AL R X A A, X
L6 R RSN (SRR T T B L B 1 2 ) BERR A 22 SSAERE ST, R RIAE R R AT T O B T AR e Rl AR
T R, FRATRERA] M+ FIEH T i, WE— DRI S TR ME DMEF . %/
PR BB g UPREDIZR . RNk, S BRI 2 . IARIIZRLL K8 18 A8 I 2R3 2 I st
Beo MAEEAUTELEIR RO, k) LE R AR BRI T O S . WrREI R, lid 45
RGPS R LZE AT Iy AT — DRI RIS, JPRIETEAR S R 2 N % . HiRIgeibos
BEXIUT R L RE, O TR R R RS DT R B e LB R B R A e R R E
g, AR H R AT SRR, AR BTE SRS R, DA SRIT R LZE X 5 A R A
BT ZENFIYIZRRE e rh, Sy LR P — e xR, TFA LAY AERE )y VA BE B 5 ATHL
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e ARG, SR SRIT e L85 i A ST i) AR O A E Sk, ik 207k, R e L
PR INARCRE BT, AN TS INESE | ML RS . Kok, /MR IE T e LB
WE R RIS R g A 5007 R RIBRAERT, REAEAT LA EWT L B AE Rl 5 BOF PR
JERREARE . fERHIBIITS, Wrks LZERERS B4 e IR IR . Bl A RN (EL, BAREZ:

K TR L, LA . FIRHRE . ROERHOR

TR 28 il 5 110 Wi it 4y JL B oo 2 Jie 114 535 Wi

53
T L R s

FY . Wrkesh LA A — TR B TR, BB AITALRE R SS 1), Wl B oK i) ST B, &
BRI R TS PR RN, © 2B FATATR AT B TR, FESEPR TAE
DUEAREIBISS g A, ABTX TR LEE ) TR RS IE Ar A PRI, BORGRMIEAE HH A1
HIRA TIRWTELEEAYE . Bhr, BER SSHE LB A RS AR AL, s A< SR, (24 L
PONRER R G, HAFXMERZHECAAESS, R HENT I L3 A e A R

FRE: ZRIAE ZRWEE AR

Jiike

L ZRIFICH TS, SRR A LPE R 175 5K S 1 1 fifp T B 4l JLAE Hh A 2 > 7 0 R A= 5 155
5, B IR H, K AEEE AL LFE Sz 4 LR R A A R B, 12T SR A A E 5 4l LI 1Y
HITAME, IFUSIUERRIUE NS, TERHE S B R RS T

2. BRITIE—H B EG 3l b 7 edt LR p Ak g, AT LUTE— H Bh 0% 8, SUmER KM
WS EHELILEFT . TN Mz AR LRI AR, Bridass BhiEns
B R B RIRCR

3, HEWTREALAR S FATAT ARLZ LA S AT 26 JLEE R B 0 AU 22 AT e
3, EHFERKAYILGEHEA TR SR E TARRRME TR SR, el 2B —28u#E s, L uiE
HEJLE Y B O A NS5 01 o 2l USRS R RIS B EATIT6E . SLASLRE AR Z 5

g6t L bR, ALEEEAITTRIEMER LRSS T e R SR E RS, HRN
AHGE, HRSE, BUWREESAILAE T, G A S e LEE PRI, [FmE, 2 L0
LT A AR AR, REIUERMC R A, s MR . A AR RKIEL S, AWroh#E T
YRR 1o AEEREM 2R SRS )T, — nl AR e 3L A B — 3B B, (et )Lz
F1% 2 TH R A2 R

KA kR L KL E SO
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N EIEALRES BRSPS

AESOREE T2 BT B LB Rl & 2O PR P I B0 1) A, FEORHE TR | B Ll e
AR BEFITEARY | MR RAEE S, WG, B EE SRR RIBEE, JHEIL RGN
B RTT i, BAEAR T A AT B LB R 5 20 R PRI S e

KT ATV L RS HE ;s [T Ik

AT W Bt L ot < 1 2017 I IR Bedis ok g

& H
N EIEALRES RSP

2 AWTRELEE R RIS . RIEH TR I, ARLO BRI R ST R LERE AT IR, 2
FIRRIIATIE Uik TR LB IS EE LS . B e L A R 0R T oKL AT B ) LB SR A
BRRDEIIERY, T MIT R LB I A RESTHE . HBEHSR T SRR BRI A, SEff T — R A B R EE
B TR

Ky W ILE; RIEHE; 1620

Wi 1377 % Wik o0

kA&
N T IEALE SRS s

ASCATH R TN TSl g E2HOR, WEEIres . A TUrE . JRSF5H . AT HI SR TAE
PR IR S o RIS, PEARER 1 st 2k W) TR A AEHESI N T S AR e e v i) SC B E
W T HRERLE | RS RS B 558, 400 1T 4 EI N LT BRI APk ik, IEXT Ak
RIETT AT TR, B AZSI i — W Fim RN R 22

K W 1% N T HI, FibRE
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ASCRAIRTEGE W E . AN i ot 35 Z2 RV E A SRR o il 0 A — e J IR0 )
BRYE, MR Z I RS VIR BE IR AU S, PR 43S B AR VIS Tk i s RS, P4
SCUEMFFE R A R, B A SR I GR TR AR A B IR S SR &, RTFRIRIIGRECR, Wi
BB XA F AR T ROR AR A R SRR, A5

Kty ZRERG; FiRI%

W Bat JU 5 DX Sl AR v B4 5 5 2 i 5 2 AR WS B

EN v
TABILEREA S

2L ARSCHIWFTE H BRI DX W e L2 41 5 R RS IR . B 5, AT 4 1Tr
B LB AT 5 A EAISC TS A, BARTE S A RBAER | SR RXERISE I B SRR, FRATRE T DXk
YRR fe ) LF 1 35 K RN SS A T B R PSR e . P, DXt vl A W o ) L
RFIPRARRE ST o 8 i LS A kot S AR, W RR L B RERS S A TS AN LS, SRR AT
OB . ehh, DX it ] LAY BT B L BE RN AR THE 5 A8 7 o AT AT L Al
B FPEGAT S . FAEE RS TR, AIMTHGRAMA RS IRAE T . SRT, S0 DXl e 2 A
AL AR T o AN R AF 3 B ity W s L B0 DX R B R BE ) 25 > 268 AN ), DRI AT
XA [RIAF e BeEA T AR A o oA, Boas Lk O HAIBN ,  SRAOEDA AT 7 MBI SRy, X T L2 4
WS 5 ERE R XU TR IL B 5 R RS A ) B A WA . & n LU THATT8Y
WHEAES . OB B S, O IT IR R ) SR RSl SR, ASRARITTE 2 —
APPRER IR AS RIS BT e L B SR, LA S TR0 M 1 A St DXl e 1) e (S B O 1 TR

K kR L XK T E AR S

T PR AT B DA T Sl W Bse LA 750 2 R i

KRB
TR ILE R PO

RS A WS - A R 5 B DX 3 Sl W LB 55 T RO RE R, S TR D T R L ZE A
AR B RN T 7 I SRS o E S I RS 5 B DA I Bl W B L R 5 o ) A B 52
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Wi, ESE, DXAE ST R L ARG | A TS R GE R R TR E R i S S S H
MEZ, Wik LB R RN, JF ] T IR ) T A ANIE TR . X RSB i 2 0 S 0t T ARAT
TEVE S R EITBIHEE . R, &S A0 e RS & ) DX 176 2l I e ) L2 A T g B AR 113 2R A
WA B F T WEd S S XA, Wk LE R DU iz . TR R 25 5 2B XA 5
A, IR G RSBt RIRAMBA TR SE SR o IRl 22 BT A AR AT 1 T4 e Al T A T R A
HIEAIARE S o MEAh, XA Sl Wy e ) L2 A 2 > DGR ARRR P A T BRI B . i 2 5 ik LA
A SR Bl WTRE LB 2 ) B GERBE K , HF R TR B IE AN 2 5 . A B T b
27 S RCRFITE 5 R T

TS DL A 5 B4 XA 3 S W e ) LZE A1 5 2~ AT BRSO . X — R B0 T B A AL 2L
FITIEFIRNS, fe BtV LB AR 5 R R A S L AR BT AT LB — 2R R R AR 0
RCRIYSEM, FFRADFTE AT AL DX AR TG 3l LA W b L2 Y27 > oK

KT Wk LE; XAIG S o S-S I s Rl

Wi it JL s £ R BORT vb 5 2] B R PE WSS

RFL
LA ILERABR S

N5 HE 2o R RIRHR, MEGBE N —FME R RA T 2 LB RSB 2 E R,
BB SRR E KR EE Y. AAHE BENTA LB SN ENLS, HRRRILES
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Mutation in heat—shock—protein 40 DNAJC17
associated with autosomal dominant non—syndromic
hearing loss

Aiping Ji,Luping Zhang
Affiliated Hospital of Nantong University

Objectives Despite major progress in the discovery of causative genes, many individuals and families with
inherited hearing loss remain without a molecular diagnosis, making investigation of novel HL, genes and variants
urgently needed. The study aim at exploring the genetic etiology and pathogenic mechanism of a Chinese autosomal
dominant non—-syndromic hearing loss family. Methods Detailed medical history interview, physical examination
and audiology examination were conducted for all members participating in this study from a Chinese autosomal
dominant non—syndromic hearing loss family. Other diseases that may cause hearing loss or history of ototoxic
drug use were excluded, and family maps were drawn respectively. A stepwise genetic analysis strategy, combining
linkage analysis and next generation sequencing, was used to screen candidate disease—causing gene mutations,
while the co—isolation of mutations in families was verified by Sanger sequencing to identify the disease—causing
gene mutation site. The pathogenicity of the mutation sites was analyzed according to the guidelines of the American
Society for Medical Genetics and Genomics (ACMG). The evolutionary conservation of this locus across multiple
species was examined. Immunofluorescence staining was employed to investigate the specific localization and
cell types expressing DNAJC17 within the auditory pathway of the inner ear at each developmental stage. Results
We identified a possible pathogenic variants in DNAJC17 ¢.401A>C(p.E134A), co—segregated with autosomal
dominant non—syndromic hearing loss in a Chinese family and conserved across multiple species. This family was
characterized by late—onset bilateralprogressive symptom, with hearing loss mainly affecting high frequencies,
accompanied by tinnitus, which is similar to the senile deafness. Thyroid, diabetes and other systemic diseases were
excluded. According to the American College of Medical Genetics and Genomics (ACMG) guidelines, ¢.401A>C(p.
E134A) has been classified as  “pathogenic” . DNAJC17 is specifically expressed in the outer hair cells, inner
hair cells, and spiral ganglion of mouse’ s cochlea across different developmental stages, from the embryonic stage
through to middle and old age. Conclusion We report a new gene DNAJC17 and its mutation site p.E134A associated
with autosomal dominant non—syndromic hearing loss, and determined the specific expression pattern of DNAJC17
in mouse. Our results provide valuable information for genetic counseling in this family and lay a foundation for
future investigations into the specific pathogenic mechanisms underlying DNAJC17 mutations in hearing loss.
Keywords DNAJC17; Hereditary hearing loss; Non—syndromic hearing loss; age—related hearing loss; mutation

Key Words DNAJC17; Hereditary hearing loss; Non—syndromic hearing loss; age-related hearing loss;

mutation
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PEATHERN, IREL. B EIROER . EER . WU U RO SE A RS A, IR PP . SR
W ) A VAR T R R R . S, B RS ZEUMERRASTE L R VA
KR A A TR MN BAZ AR (MRD) PR R GUEEANERIE, [RIRFRSIOCHEE L . B
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FHHEDNA; FFHSangerill Ff X = KH WHFEILR (GIB2. SLC26A4 MK A HZILHFIMT-RNR ) #1714
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AL HAT FOBMAMS L A AR TR SC R B STl % | BEo S A4 5 24 A MITTF 35k PR i 5 4%
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BT LAIIRACIEHIES ( Metabolic score for insulin resistance, METS-IR ) “NPFAHTR AR, 5 7R TR S {0
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£
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R TR DA AN 6 CRA AR AT ) AT S B B AE
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P FX L T E S5
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bp B4Rt 7 51 B - T 850 BRDKK3SE R Dy 22Kk o ilad BACTEFERP233591.1 84 3 W] A Al A% m B X A
SO AR, IR g R, e R SRS DR DRk 3 S A AR /N R . 45 21 Dkk3—flox/)N
BUR, B 5 Ler5Cer-ERT/NRACHD, 45 LarS+ tHANMIR: SRR PR DR IEF BN, 7EPO-P1RY BT
S B I Cre AL, FEA TR SR80 .

Jridi: BRTDKK3TE/NRE M P ) AR S eSO S S B4R KL, IS B EdURRIE
51 RN B A LerS+ AHANAORIE B BANA PR 4E . [FRF, SRAICthp2 A Fhalloidin4e (6 L4 K 4
TR, MR BLEF P51 PFAR D3 AP REBR /N BUA B A= B AN AY i .

SR EE5E . WOMWEER DR, DRSTEH A /N R B hRL, HEFRIG K2 PR, &
PEPICLER R, HIBELerS+ HHANAE T A DRK3RERL AE A J5 557 R W A B A A . EdURRIE
i RAB TR, S S AN o R R AR AR 22 AR U F LerS+ HHANM ., Cibp2
EjFhalloidinge 0 & 4 B F B8 oM & B, DR3RERR 5 A= B AN e = il 5 H fLF 45 S5 IER B
RITCS . B2, DRk3RYRIBRTE LerS+ #HANMM) B ANME A ol R P 26 G VR, (R E T B4y fiA:
IR AL LR X — RN B AN M A E A ST B TR B, LR DRV NI R IR
ST, ATRE MRS T 04 R SR AR 1A

KT BAMPE, LerS+HHANME, Dkk3, 4HAEXE5E /1L

SR B K IS U g

FhIIT
B EA R F BRI RE S

T%?iﬂ@f%’@@%%@ﬂﬂnu¥%ﬁﬁﬁ%%{%@%/ﬁ\?ﬁ(obstructive sleep apnea syndrome, OSAS)?@‘%%@E@ (1] B P
% (intermittent hypoxia and reoxygenation, THR ) DL VA= HABA (g INsAA AR = R 5SS ) A IRER
BIFFEEEB4E (sustained hypoxia, SH) 2X3 38l 1 — RIA A BSR4 AR . fEHIRIFTEh & 2L,
HI T B ORI, BREEDN IR R 2R LU A A (BRI — ) RIRFEEE o SR H A B4 8
Wr I R R A R, HEAREHIBLH] . 16y 07 0 R o8 42 ] o

W5 H- 8 B ANV R FERE A RE A, X Bl S PR AR HLRURR . RS0 T 1 B ) 52 ) 2 52 3 oA
B IOCTE . AR SGETS T 2 A5 SAE T I3 BEAHSCRY SCHRBEORE,  RETIEIASN 1 B4 W 5g D RE 2 i
FOTSTERLE], el . AN RAE S BT S A IEAE T 5 AR S B I T 8 AR SRR T g b
5, SRR T SAEI ] H- 9 B A - s, SRR SRS IR R M, BT
M2z W, OIS T HESERRIE, Hh i 2 p e rE A LRI a5 R 3,
RAEURT A2 LA EL R S RO KRR, e S 1T IOAY PRI, A . BRI Rt i
YBCEIMRIRES . EIRME . PrAL. PiR, ATCE Rl X g4 S B0Ur 40 BB BUIR HEA T i
L, ONFERROTIE IR RIG YT HRAUE A S X e S K

AR R AEIE AR, B SR S BOR A LT T3 J R0 A LR 7 AR R, SR
H RO T AN RIS R  B00T J) F Be b i A e 0, SEansh Rl i A ik — 0 5d 8, ok
KT LAE b X AN ] Sl SR T 5 R ML A E— PR R, AR AT N H PR SR R s M (R
B AR A T ST AIR TS A, BTSRRI R AR T g A R R R RS B A bR S, e R SRS
Wit o Ry, 256 EZ MG RE BTS04, Sl al DU AT R Im RYSR A E 21 T S
HAL, DR E 2RISR R AL T IR IR, gahaisifes: . B0 WE Bt 2 S R
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znz 3A28-308 Y
IH BN T8
P, et DR B AR BT ST R, A AT R A A 35 e SR A e
ST B TRk

OSBPL2GIFFHL TG NF— « Bl i
S 3CH i i 48 st O e pLR WF 58

W AR, SaRE. AR EAH. WR
1 AFERKFESRESZR; 2 AFREAKRTE —WEE ST S RmiEs

Y. ARSI TERT IS b S8 T — 18 1 e G I PR 5t A% 1 AR 255 1E 8 H 2 1 B0 JE T
OSBPL2 (DFNA67), OSBPL2%ifiH#E 1)@ T8 Ak [ 45 A 2 11 (Oxysterol Binding Protein, OSBP)A &8 15
ﬁ%(OSBP—Related Proteins, ORPS)ﬁEE\' , EA—REENFEREAZSS TIREAW ., sk, [F95%
S UM AR S E YR R . AR, OSBPL2TEDFNA R AYAE M AT 4E . OSBPL2TE /)N BLUH- 1M A 4C

(stria vascularis, SV ) HEFEIA, K5 ( blood-labyrinth barrier, BLB ) JESVHE 40 ML E R i 1Y
EHMAE R, XA e H IR IR A S A SRS B CEE, w2, Hgtkeiy . M5 RE . R
SiE A AE B AT SEBLBS I AMISVIN A, SEGHEATHERUAS AT T 80 o AR R SR
— AR OSBPL2ER X BLBZE K4 R ) R 52 0 i s AE o SEATL A

Fride (1) RABEOCIRE BRI ELOsbpl 2L F & 5% ( knockout, KO ) /NEUFITEF A= AU/ SV
WiEME.  (2) RHWestern blot. qRT-PCRAI RS2 GG tfar /N L E- R X %5 % 4% (tight junctions,
TJs ) ZO-1F10ccludinfyFEiE K. (3) B3R AJSEr KN 2 408 ( Human umbilical vein endothelial cells,
HUVECs) , @/NTHRRNAXFOSBPL2FE K AT R, IRV N BGE B VE R TIs Rk K. (4) 18
/NECHBR FTHU VECs FPFAG OSBPL2BRE X A J SRE M T/ 52 M . (5) A IHUVECsFI/N B H- 85 4
NF- k B 53 & A0 [ 71« B o FINF- k B P652E [ 19235 DL S iR Ak K-

4550 1018 0sbpl2—K O/ BLUE-I tho I 3] 2 2 (1 SVi2 e . 7EOSBPL2ERFE R HUVECs th s & N
Fe i B E RN, 7EOsbpl2-KO/N R E- 43SV AIOSBPL2B G R HUVECs FH 14 % B T TIs BRI . [A]A,
Osbpl2-KO/)N EUH-#5 FIOSBPL2ERFE [ HUVE Cs HARS I 2] 2 RE K2 AR T A3 in . Osbpl2-KO/N R H-
I FIOSBPL2ERFEAYHUVECs 1 R 3 T NF- k BIF S A0S (Jih k Ba W A2 fk, {Hp-Ik Ba .
NF-k B P65HIp-NF-k B P65 .2 [ ) . HUVECsIEFEFIALFIEE B 7R, BAYALFEAT IR/ S 0E
YRR T RN TISHEIR ) e AL

S5 RIS I Osbpl2-KO/N I SVES MR IR AN D e e, Sl . i — o0k,
OSBPL2ZFIEE N FSVINEZ, OSBPL2EFE FETIsB I IR TSVIN K 588 . OSBPL2BRFEIIENF- k B
B FEAE A TR, BAY T LA B R OSBPL2BRIG T B RAE . T FTIsHith . ASdER
T OSBPL2#SE R ES VA MIBLBB I (19 73 FHL , 4 i B OSBPL2JE R 28 AR B A BUm LTI $2 4t T #Hie
FSL IR

RHET OSBPL2; Wrpisk; B%iE4; MAEEENE; NF-« Bl
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GPRASP2/r S KEAP1—-NRF2 il I 443 Wi 52 40 1 44 14
PURIWESE

ELR' . MAR. VR B R
1.ATERKS; 2 a7 ERAFE —REBEETR

. ARREARTIARG h 4 e T —A 5 XEE SRR % B8 A0 G B0k [l ——CGPRASP2, i3k
IR gty 25 118 T G AR FUIB B Z AR A 40 2 11 ( GPCR-associated sorting proteins, GASPs ) ZJi%., B4 W
FEFEW, GPRASP2AYBRIC S RGP . MhiRd LA K S0 8 S0 S5 BILIR S 2 VA 56 . RN, GPRASP2
BB S ZOUTBE A 495 BEAL AT AR B . KEAP L 3 72 40 M P8 A8 SR 1) e o 1, ARIFgE 36T
GPRASP25KEAPIFTEHAE, BFERITCPRASP2I FKEAP-NRF2/5 538 M 7 T 5 20 B S8 L L b A
FHBL I B H b5 1) S

ik (1) ARSI E AR (WT) /NREMWEAIER (HEI-0C1) DL Gprasp2 @B
(KO) MHEI-OCTHIEMA (ROS) K. (2) Z3HrGprasp2-WT/KO HEI-OC 14 8 Ak b S DG H
FFER A FIA K. (3) FIHCO-TPAMRE 2L HIGPRASP2 S KEAPT A BAER , IFiE— R A
{5 M T PSS A 454380, FFE TCO-TIPRAIE,  (4) ZHTGprasp2-WT/KO HEI-OCTZHfLYRNA-seq 4L
Wi, I —25 53 M1 Gprasp2—WT/KOAH M SR AH G FHUABEE R ) ik K F-. - (5) RHJEAUMICCK-85L5,
PEATAN S FE RGN . (6) XFGprasp2-KOMJHEI-OC 1 40 i 5% YL GPRASP2 Tk, A Ml #h A0 AR Y, G
IR E AR B R RAE RS A FImRNAME TS . (6) M/ IR AME AR, AAV—iefis TR E YLt f T
GPRASP2i FRB LIS IF AT Hr e = s, 38 e o LA I AR DG A /K-

g (1) WAL RE/R, Gprasp2-KOA M H1 ATROSIK -1 2 15 T Gprasp2-WT HEI-OC14H]
i, (2) Western blotZ} T HIqPCREE H KW, 7EGprasp2—KOZMAI 48160 O 68 T AN RF2 19 %55
WETW, MKEAPLE K- It ERFR PR TR, Gprasp2-KOA L rh Z i ALK ) 21k 57
FHME (3) CO-IPSZER MINIAIE T GPRASP2 S KEAPIZ (8] AR ILAE I, ffE o i (o g b o,
PIETEHEI-OC A At v AT b o A5 it — 2D 30 7 GPRASP2 5 KEAPTINZE & XI, X4k
T 25 538 55 CO-IPSZ A3 5] T B09F . (4) RNA—seqdtdE 397 FlqPCRIE R, Gprasp2—KOZH i i 48 i A
FFERUNIL-6, NikbiaZEiyFk % B, AN, Western blot/3Hr 7%, Gprasp2-KO4HflH ANF- k Bf5
Sl B AINLRP3AAE/IMA TGP i 4858 . (5) EdURASCERZE LR, Gprasp2-KOZH i (18 5 /K
FAL T Cprasp2-WTHIAE, CCK-8LIRLERM I F X — KM, (6) FYLGPRASP2JIAL)G, Gprasp2-KOHH
JiL AR AR B DG FINef245 3 T B IR A, RIEAHDCHEE FINF-k B, NLRP3W2 3% . Western blotFll
qPCROIMTRI, GPRASP2[FIAM . 3 G2 fift T 4B () S AL BB S S o I H., FEEdUSEER R, [kh
GPRASP2 R E Y458 T Gprasp2-KOAM M AGEFARE ST . (7) RAAAV-iefiEEAAFHIGPRASP2L ik i %
T W EE R AL FEA /NI S ME R Th B AR i 0. S sot s R R, i FRIBCPRASP2)E, /MR
LA ME R b BT AR FINRF2FR A1 3 A AR /IMANLR P38 N H, I H B4t 3 1Tt

R ARWFSEEM, GPRASP2IE i M4 KEAP1-NRF 218 H AL V56 40 0 b &% 35550 AL e R AE
GPRASP2FE 7] B BN BN R AE R, DI 52 00 W 5 40 B A A K G E,  [RIARGPRASP2 AT #5434
RBAME . AR Ryt — 20 I GPRASP2 AR SR (1 43T ML S AL 1 L RN S AR

FHEF GPRASP2, HIRTAIMI, Keapl-Nrf2iB%, AL, RIE, 40HE5H
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202 3A28-30H i
I - AN s

e

2 I REPEANR KL A R BEAL B 73 H R i )
AR R

JA 2. B, TR, BRILE
AHRXRFHETRER

BEA KT AR S BB b R U 5 SR e, H T ATAE HR VR 2 40K B2 7 b T i PR
h, ZEETEGKE S /KEER ( Multifunctional Nanocomposite Hydrogel ) RITEK BRI B A AN R R 4 K
WURLECTEVE 2 AN R R RE DT TS G DL AR L, O BRI R 22— R R A SO 2 S A
FEVEAEHRMF R SN b WEZ08% . AN THWHEARMAL . BERH TR AE I e Ml o 4R
ROV WIS MNHI ] 22 H R 73 O ST S R AFSCRAS SO X MNHAE S 43 B RSy
OIS BRI i S — 2k

KHETF ORI BKBERE; 2990k N THM; HEHA TR

Feok D4 Erg P$E H K 17 v S A1
FICANHLAY o ia g

gL BT T EE
1L.ARKRFEFEHBEHKRER; 2. §RKFEFERX DRI

B AARA T U PE R R R N L AR S SR 2h ) AT L o SR A AR o3 ik s
TAHFA A AR 2R FAE B AU, (FUR 0L Sl W B B AN A IO P4, T DA B S I S R A
745 B - B A T R AN M A AT R R A IR . AT, R R R S T
(Atohl, Poudf3, Gfil%555 ) , NotchillifilF], FMBLAEMIE Ty UL BRI BUR N 4L . (HZEH
FHAE 9 B 40 MRE 4 I B R AR R AT B, JCIL S 2o 8 D Re e, BRI T X S8 40 M 43
LRI I REEAR N . PRI, FRATH ZE3REA RN B ALk . BCRRIAE 16 T 1 oA T 205 5 A ig
o FRATRTIE T AT A S 88 B I FDA/N T T2 W) PR E . 07 E B Regoraferib A LB b £ i HE 25
TE M ACROR . GG, AR IIL N S5 S N FErge FRATT 44 2 f R AL 338/
R, K SHG AT AR HE & 3 rh SR A i A B A0 00 A iz phe g i B . 405 BN I A bul ks % 20
MPHA, FAT R 2R R TSR ) A M A is S b A, JRAT PR Ak SRR R oz T 19 43
AL

T FOR A T Erg HURZEANE BN ATIZ
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LR BFRFH R F TR

OSBPL241 5 FIWEHWIR) 2 H-95% € AL 08 - (4 BLI w58

AR EAH . RER AR F
LaRERXT; 2 ARERXFE —HEBER

HA . A EESE G HE HFEE 2 (oxysterol binding protein like 2, OSBPL2 ) J&PRJE AN IR 7E [E] PR
T UCERMTE BT EEOR LN ( DENA67 ) , OSBPL2JEEZAWdnffih iz Fik . Bk ST
HIRE R SE & B, AU B A RN B Bk 12 56, (HOSBPL2FEIE M2 M B8 & A v A VE AL
TR R SE M, CA SCHRATR S AT TS8R, OSBPL2R AR IR 7EAR MU N AR B, 5 H I/ H R
ghE, ENIREEHARA S BEF E WEIIH] . IR ROSBPL2IE N R AR 4> THLHI, ABF5TLAOSBPL2
SEPR BRGNS, G5 AT S I REAI AR HEI-OCT, 1EAFI B ARBFFE OSBPL2IE A i 12 75 i 3f [
WA, A R BAME T, RS EURS AR A A R AL

FrE: (1) R AR RN G e 27 7 A OSBPL2 3 PR i /) Bl -8 6 4 F T 2SR, DA K U
T3 B T AR KO Mt Asfb . (2) FEOsbpl2-KOMIHEI-OCIZ R, LG RAMF . i
GIHT, X S AN 4 SR AR 1 SO EE A TG P, e 5 OSBPL2AH BRI 28 11 M L & 4R 1Y
G5, X AR S S S A TIRUE . (3) IS G r s A 2 7 iR AG I O sbp 1 2 B3 B3 9 /)N
S B AN B HET-OC 140 R B AR S AT Ko (4) By, R A s 750 40 B 40
J, AL AR T KRR

GEEL (1) SRS DL R SR G I 45 S % PR Osbpl 2—K O/ B P -5 240 i e 2 A0 8 3 J e i
TBCL-2FR AR, BAXFEIAAK T, $27R0sbpl2—KO/N R H-M8 N BARMIM Tk E1m. (2) %%
S A BCE AR A S BRI B 2 T S OSBPL2 HIRACK L AR TEA SEPEFH HEAE T, CO-TPHI e 2546 45
A7 OSBPL2FIRA CK VA EAH A H] H Osbpl 285 AT & 1L Osbpl2-KO/)N BUH-8 E 41 g FTHET-OC 144 ffd
FFMAPK/ERK/mTORIE BTG . (3) SfE== Iy kil & BOsbpl2—KO/ MR H-i B 4R M FTHEI-OC 1 21 A
pO2HIFRIB AT R, LC3FR KK T AL, Osbpl2-KORIHEI-OC 141l %% 2 A TEB ( TFEB ) & 7E4H
Jikzsh, M AE A HEI-OCIAHMEh TFEBE M AE N, SR KU AR R FEREAEN . (4) BESTHRER
& B Osbpl2-KO/N L H-ig B 40 A M B b . (5) SRR R A HES 19 0sbpl2-KO HEI-
OC1ZHMfl, LC3. ATGSE [ WEAHSCER 2k /Kl B 7 .

4538 OSBPL2INAEHLFE Al i i 50 OSBPL2 5 RACK 1 8 A EAEH], 30H MAPK/ERK/mTOR{E 5
WP, FETFEBICIE AR MHIE] FIvE, SN BT, SRS MmN ik . ARF%R
TIUAZE S R st AL M H B A0 T R R LT S ST 0 B AR A S B0 TR, R i AL P LR S RS b
AL RIRY 74 UL ) SR AR

KHET OSBPL2; EEFMat#R; AME; MT-; MAPK/ERK/mTOR:H %
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)

znz 3A28-308 s
LA M S

R 2 a3 W 4 3 e R Wy g 4 2 14 5 B PR 8

Rds, X¥EF
KEBTH-ARELR

E . ARSI Z TR 5 R AT B s mm , B4 25 R 7538 pal /D B4R T, DA a5
WEFS DR AT SO, AR MRS T T340 TR T B BE T A S A

BRE: CSTHEYE/NE6-8JEWE, 361, 43 k6, HEde Hshy.

HHIZZ; RIPA 240 . BCA EHIRFNE . Western —Hii B . Actin — Tracker Green. TUNEL 4 ity
TR & B B R . PAGE BERPGE S #5100 & . SDS running buffer; PVDF fi; flijLs
1 marker; 20 x PREEFEI . HECLOGAF £ GAPDH Filk . W EH/NREA —Hi. I EhiteiEd —
PU; Anti — Epacl HTfK; Anti — Rapl HUiAK; Anti - Bax $TiA; 4% i HEZRHEE;

Tk 1. YRR PENT A NI . I 110 dBFS FRZR2 /N 7 s S T ik

2. gyl /NERBEHLAY M ZS FIXIRZL (Condd ) IR XA (Nacl+ VT4 ) | WS REE4 (NE
2H) . 15me/kght il R+ M R (15mg/kgVT+NEZ ) | 30mg/kght il & + M 25240 (30mg/kgVT+NE
) . MEFEREE+1Sme/ke IR A (NE+15me/keVTAL)

3. MR ZHEES 12-24h N ABR WU/ ) BIETE R, SedR Hlclick #1 8k 16k, 32k Hz f4livy
YRR

4. K25 /N BRI 5 HEA TR RN, AT A PRI (A FIDAPLYL (0 WS B AR MU A i, DA
TUNELZH A I8 T A X5 B A 3 T 15 10

5. iEidWestern bloti%ﬁ’*ﬁ%?ﬁd\E'%{‘H:ﬂ%lj\]Epacl\ Rapl . Bel-2/Bax#E A FIE, RT—qPCRgQ'E/\Tj
Ay HTRGIN 4520 Ho N Bax . Bel-2 mRNAZ A,

SR GES . LR R ER A5 7S PO IRAUR LA A IR ABR B (E P 5 0 25 F6 IR
X AL 2 (B A0 ABR BIETC B 5 255, 4HIR R LI 41 Y ABR B30 2 E241A Frik A .

2. HEREIKAIDAPL, TUNELIZOEY A, & B0 21 /N BRUBE RS RS [l 174 16 20 i A B 2 1 )
T-MESR, HRZE RSN B AP TN D .

3. 7EWestern blotSZ5G M 2252 J5 B0 N Bax ek FH I FH 55, Bel-2/Bax /KRR, =44t & 5L
AW N ABax®Ik/KF-, Bel-2/BaxFik by, Rl 42/ N H- B Epacl . Rapl#E I IYRIAE, K
PRI ZR 5% J5 Epac | X Rap 1 A 7KIKF BT, AR 2R AR PR — 41 SEEG AR AT 30 T Epacl M Rapl 193
KK

4. RT—qPCRAGI A 2H /N L H- 88 Bax . Bel-2 mRNAZR L, MR 22555 FLR N (9 Bel-2/Bax mRNAZ A
W1 TR, 7E15mg/kgVT+NE . 30mg/kgVT+NEMZH 5255 20 Hh Y Bel-2/Bax mRNAZRIA T FEFRBESS , 1M
NE+15mg/kgVTZH A W B I GE 7 22 7

FEIRIZR X MRS 5 R A N B A s B R R R, AT B4R PR T, BE— 2L A, AT
VSEEL SRS LU AE 7 Jﬂﬁﬁ*%ﬂ‘ﬁﬁI—ﬁEacpl—Raplf%‘%@%ﬁ?éo

T IR RN B BB
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OSBPL2 i 5 I JHURURE 41 % 4k +5 H- 195 5 21 2 E (¥
PEABLIIE

By R HRERL. AR Wr. EFH . R
1L AREHKFESFTETZ,; 2 ARERKRTE —WEERT SR A
3 MREMRFERELITER P CEEE

H s AR AEFT M A 240 0100 P BORTE 2R 58 3R T 4 ) — T i i e (R S P st A Pl
ZRANE AV H R A BURFE N OSBPL2 (DFNA67), If— B2 R (1) & ML 5% FR 2 L VR YT R e
TS R b 1) A8 A T s A AR R R 2 ( Oxysterol binding protein like 2, OSBPL2 ) TEYH LN 2 5 [
NG L2 | AEFREA0 M P9 AR B AR S 2 SR A 2R AR 2kt A . O F9Y OSBPL2SE R 28 AR 5 7%
B FHLE], ASEEG E A T OSBPL2IE R bR 1y sh iy (/NER, ELEbM%, B ) o 7EniiAny 4
Segh e, FRATE/ DRI TR R (HEI-OCT ) FEEH] Oshpl 20 f4 5 25040 i P 26 b AR TE 25 10 52
H.OWEPER (ROS) ACETHE, $78 Oshpl 2806 AT 5630 128 745 240 i P9 B 107 R A 15 v iR OS R R F 4 5 40
Jil. BN R R E, BR8N 5 0SBPL2 B M AR AR I B 20 T 5 413 B ks (SG) Y
B4y F-G3BPIEZ . TEJ5 S AN S2 5 vh -t & LOsbpl2f S BUEAL I E ) T SCRTEZ R, #27R
Osbpl 2K 55275 1] g T BCH- W B 41 M ) 32 FAkA 05, (R BB DAL 75 34 THE— 20k . AR5
W AR Y ZR KRR OSBPL2-5 SGZH 26 (1 AH S 18] W OSBP L2853 38 420 F A O 38 428 5% i B3 =6 41 453 49 LA %
B TEOSBPL2IE 131 B S GAR A H- 8 B 20 M 4 43T HL)

J: (1) FUHTDTSZEE S 58 WA 5 A K ABRIT PRI T 5287, A% Osbpl 2 B3 4 /N BT F1 4
M, (2) ERRSE M EANHES, B RSN BAMNERAIES . (3) MEKOYIM AR,
i g DO A M AL OSBPL2AE FIAE AN 1Y 2 B E L. (4) JEL TR SN (SA) AP T 4:SG,
B PEPCYASCHREYIG3BPL, IPALESCA/INVIER, B uFOSBPL2XT HAR EAMMISCAI R M/ER .. (5)
AL E S OSBPL2 M EAEMEN, IFHAMIE B2EIr kst . % iiE (co-1P) HEATHIIE,
(6) MIHEG3BPIANEEIR, 3T co—IPFIWestern blotifE— L BiEOSBPL2FIG3BPI LS i . (7) 4y
DY IIEOSBPL2FIG3BP LA MV 40 A /K - 11943 A AL & 6 o

S5 WraETAG 45 AR B Osbpl2 @i B /INER A UT ) R B 5 4 AR URSE B 7R Oshpl 240 B £ /) BB 241
SIS R 2L, B FLA AR 7R Osbpl 26 i 580/ BB 4H A Y B (A 22 23 T RE FLIRS /D5 feie e
Y S5 R R, OSBPL2AR FE MAENRIHAMI s Sfes Oty A5 R, Osbpl 26 fE I HHEI-OC 14l
INSGIYZL%E . FRUFSCIYMRER ; Tk a5 R it . OSBPL2 S54SR0 /3 T C3BPIfFfE R 1 B
1, t—co-TPEIFZE R /R, OSBPL25G3BPI4E & HEETOLYL L LW, OSBPL2, G3BP1iL
[ 23K E L T HEI-OC 140 g Fh £k 44

ghie . ARFSE & BROSBPL2 [ JRFE R KO Ay sh s R R BN T SE R . PISEEe I, OSBPL2HLR
SSMFIN SR (SG) TERL, MINEZL AR N ARIIIR AL (FAO) &%, fR#HETESE (ROS) AKF-F
L TS B0 . BT IEN], OSBPL2454 G3BP1, S Hotst syt . AMF5E +
& TOSBPL2MAEY2 AR, Fist it B 2200 OB S 48435 T8 A B , A 28 R Tl A6 YT 5 HaR
B ARAH AT S SR TR T A

e HA N CHORE; OSBPL2:G3BP1; ZihiiA-FAORFE
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2025 257 1

e

KT G5 8 PEA b 189 2 PE H- 2535 Wi I AR 1
BRI CAEWESE

FHIEIE
AHRXRFHETRER

HE: Bph ke Sk e anie b (NLR) |« /M-S IREL I ELE (PLR) . REGEHERIE
FeE (SI) Xfse & MEHAR (SSNHL) WFHME, A RA IS WHR IS 2K

MRS 5 BEE20224F 52202447 76 A5 B K27 I b R B g B S MR R 12 (1 SSNHLER 5 1204
I B, [RIA MR AR E 1202 1 0 BRAL . I G ARRIE . £ 5 rh AR e 2 2 B S N Sk S04 MRl 27
3432 FISSNHLIZWibsifE, 4Fl%18-65% , MG IR . HEBRARE: BEAEARpm sl . HAh R g™ B
. TR e 2y | AR LI . XS RRAL N ARRIE: AR 18-65%, Wi SiIEH, JCHSH A
RGBT o R PO SR G205 R 25 I ARk i, A 1 4B i1 (WBC) | ki 2 T4k
(NEUT) . #kE4uiEi -4 (LYMPH ) Flifi/Miit%e (PLT) , 3 NLR, PLR. SII, >KFISPSS 22.0%/F
AT 3T, R R T . 2K Logistic BIH T @ M a2, L HIROCHZITAL %445
T S ER A RS Py L A1

ZERL. JRPIZINLR . PLR, SIZKFS3 5 FX 4] (P<0.001) o BN ZESMHr B/RNLR, PLR, SITY
SSNHLARAHIE (P<0.05) , W4EREAMERN T (P>0.05) . ZH K Logisticlnl G437 i /RNLR . PLR .
SI¥JHSSNHLAY A7 fERE R E (P<0.05) o ROCHIZESM TR, NLRAJAUCHO0.756, REUE68.3%, FF
FPE75.0%; PLRIJAUCHO0.689, RELE60.0%, FF5E70.0%; SIHAJAUCHO0.725, REUE65.0%, i
JE73.3%, WA T, NLR+PLR+SIHAWAUCE K, 40.823, RBUET5.0%, F5180.0%, FiiiH
[IER5T=

451 : NLR. PLR. SIISSSNHLAYAEBYIAEIC, Y fER R . ARl T 44 S X SSNHL
PP AERR T, e R RIS WHR I IMES % . AR KA R | FFRZPOMR, #F—PRiEH
I R A, FFHRREAESSNHLA R AL S H A 7R H

REE T SRR . PR M Sk L AR R L IR S IR AR (R . RS S RIEHE AL

a5 R W 5 B AN KR H- 4 SRR S S2 I i1 55 S 1)
T AN 05

TR, B BRE, AT
MR KT EF MRS E R

FY: B 20RO EEHR YY), A OTTE R I BRIy ] AT R e s Ve Jr %, Had sy

B ER o SR B ZITAFF S BT SEA0 2 BOSE 1 ANTE E o ASWPSE B TR ST 8 5 XI5 = ) Wi
' B 2 R S S ML A 0 ) B2 B AR AL o
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LR BFRFH R F TR

Ak ) Z U5 B4R ( House Ear Institute—Organ of Corti 1, HEI-OC1) Zijifg, ik
Ja 1-2R B fEFECSTBLI6/N . HEI-OC 1411 353 th S i 4N e 55 32 3EDMEM ( Dulbecco’ s modified eagle
medium ) ( LS4, R E) | 10%8R4EE ( REENAY, BED M ZATPAER (BaX,
) Rk, HEFRFMR33 C, 10% Ak, HIRIMEAEEFRE B DMEM/F1285 5758 ( Gibeo, JEH ) |
2% B-27(Stemcell S5 [EH), 1% N-2(Introgen, 2 [E)FI0.1% FFRPUER oK, FE) 4R, BHET37 C,
5% A ALRR IS FEF H . Cell Counting Kit—8(CCKS) FlCalcein/PIHL (i &l 1 28 = K AW HE ARG RRA
Al ff HMyoVIlabif& (Proteus Bioscience, 3 FE) X H-l P9 76 4H i HE4 7455 14 G € LA B Al e 353 73 175 100

D7k Al FH CCRSSL LG i 158 HH B 25 23 (1 FH 114 G Wk 8 MO I AR - B0 HET-O C1 4Rt T AR VE
M fE v, T8 3 AN 2 AR A Calcein/PLY (S IGHEA TIGIIE s FH G e e (0 5 VA 76 Ho A ME 1A
FRUE TS R E R ST, Sl ER IO | P REC S (0 B AN ARG TR AT

450 TEHEI-OCTANL b3k CCK8AG I 54 3R AL FRHEI-OC 14 Jfl it 5 it PV B2 30 bMEL T . 7E
JFEAS S HEL-OC A0 A i A vy, 325 28 0T IAT 8008/ D IR S 80 B A RBE T, e O ik

125 WM. 202 U85 s S 0 IREHLAH L, IUEA ZE 2 e e s, U 865 2% 2 4 e 5 I 4 I 2
% . Calcein/PIG (At 0 7 IUEAZE 400k HRZH AR LU PLEF 20D LU T e o IURA N 8525 2% 2H PLRH A 200 0 L A7)

NREHLLREAR . 7E HSAME MBI p 32 R 2T AN HE B . 25 HMIREE Y B4 2T LR
A A B B AR M 7

S50 WA RTE—ERERE ] DA T 5 6 A0 A - 0 S ML A S 32 B 75 5 ) B A0 A5

KHE T HRlaes 9IRS s SR

Wi Bl 295 5 R P I DIAPH3 278 1 & B
B AL LR WEsE

BRRF

. Wbz —M e EEIE A, HARE RIS s Bk s S, (AR TN BAniEn
ik, WK B R S MR EIT M 252 ( AUNAT ) 2 HIDIAPH3ZEH S UTREGIIERZ SHE AL
RIEINE IR . A FAECDSIX Y5 UTRHLGEIEIE AR AE/INERL AN SR A A SRS Vi ) R TR i A MR
IRAG A B A AR 30 o0 ) ) 3 Diap3 AL LR /IN R ZSB AT i 22 26780, (H ply FAE LR ek i
FEEUE L 2 FER I RIR N, T LAARE T SR B S BReIR A . I, R I ORSF 1 4B
(Y DIAPH3 &A% (1 T 1 25955 5 R B KA EAH I Ao A 50 S i 9 L BSB ML, K5 iRy AUNA LA ST 1) A
9,

FERX A TE R, FATTHE B R Y R BT R AR R R T R BT — = B R RS R Y
DIAPH3%ZEA1188T (/NEAL166T ) o 45 LU R HUE DL CHEM . (1) Diaph358748A1188TX T H AR
HFAFIIIREA 457 (2) I DIAPH3 A1166T KUNRBEBBUZ RN HEA? (3) A1166TSE
PR PN U] 3 J T g [ 7

AL 293THIAEZR . DIAPH3 KIZMR

F: 1. 7E293T4HM 2 it 2215 A 1188 TZ 7 f Diaph3MF 5% 28 728 % T4 11 F A TN RERY S MR , 1
B ST VER I Diaph3 A1188TZE 5 275 B0 2 (A AH T AR
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2. F9EDIAPH3 A1166T KN, XJHHEFTUT JJDRE2E IR, SRERFTBER 24X W 1 D RE A5 o

3. M HIRIEFTA LU, IRST SR B R B R AL

S5 (ERXIRRSE b, FRATHE R e R A VT 2 AR K A R BT U DIAPH3 %S 25 A 1188T
(/NERATL66T ) o ZPRGRASL T— M E TDIAPH3AYCIHE o BEE (ZFEEMR1159-1171) 45k, %4k
X F 4G ESCRT IVE AR A Vial IChmpS B L, A1166TRAEFHE T H 5 Vial (W4 &, Wn 73
5Chmp51Y%54 . DIAPH3 A1166T4E4G i/ NMeUE IR EER), J¢ 6 T/ E IS AT ,
Z A KU/ B 05 2 401 PN B 40 M e i HE ST B G, AR I8 T i R BT Sy Iml i, 47 %1 2% & K/ BRUR 75 2
I BT (), R AR i v AN B AN AT BB ARE AT 1. X K B R TR AR A
ESCRT# ¥ (8 AH FAE FZE VR 15 FRAG & B FIWT s 255 28 rh A 2

KT AUNAT WT #2595 ; Diaph3; ESCRT 3 4 M B0 2L MR A &

JE N 2 A R 5 SR B IR i e W e R DL RS 5 e F S

R A %
TR FRARER

H . WA RIS A RN 58 282 58 35 A W o 2K DT L 67 % (Mismatch negativity, MMN)HF, SRJG XA
A 1005 ¥R 97 F S A 2 D BE G B AR L R EA T L BT, FRITAS[R) T 9 B 28 28 E TR T I MMIN
ZERMZES, TSRS R E A VT LR IIRe R, ARBFRRMETT 227

Jrik: BEESOB A e RIS B E , A ZE AT MMN U R 2 647 4002 W B0 T (Pure
Tone Audiometry,PTA), FjE?TE’FEFfI(Acoustic Immittance,AI)%ﬂ M ‘fé:"ﬂglﬁq:ﬁm(Auditory Brainstem Response,ABR)*{ﬁ
A, SRJE IR YT H A R N 42 R A 28 2 R AR FH 2 ML od dbal B UHES T MMINT G, Ao SRR v 22
P53 591 1000HZF12000Hz R 45 265, ARG TRCR 50 BACH AR A, Xt e s e
TRYT TG BCFEE B AZHMMNEE

g5 50032 F BT IEH S HEMMNI I K, B IR ATMMNAF-2 75 (K 1:168.26 + 18.46ms,
MMN-FH 37 052,72 + 1.03 w V;iAYT 5 MMNFE 7K 1]:184.86 + 19.59ms, MMN-F-XJ1E2.72 + 0.79 w V;
A WA BT BTMMN -2 75K :165.67 + 11.83ms, MMNF-2J 3 62.71 + 0.97 w ViAYT 5 MMNF- 217544
1:169.02 £ 14.29ms, MMNF-RJ1F2.43 £ 0.76 w V. SEFEEIGITHIG WA B MMNIE IR 22046 48
TR L (p=0.004), PR 250 TCH B 4E 12 5 X (p=0.986); 58 2 F AT 15 AL B H MMNTE AR 1914
2T G i L (p=0.294), IR ZERITCH] R Gei 24 2 L (p=0.280) MLAMAAIF TR 538 IR THT
JEANFIPES] . ASRIEAEEAT R, IR ETE AR . AS TR E P MMINGE R 199 A ipk i 22 1) TG A i e
IES-3'8

G5 (1) AR E B ERIT IS AR EMMNIE R 20 A gt B X, JE R i
MMNERIA 22 BTG TT22 1 Lo WAALIRYT 5 2 A MMNTE AR AT, FRAT T4 I 99 5 5 - Fy 4 2
R BELEIRTT G Wt R B J2 & A DiRe L iy al bt e s

(2) BRI 4> 75 ) 58 25 L EVA T I AL R MMIN I I 22 ) e g8 32 S, A S A% 2 B 2 MIMIN 3 Wit
ZMTG 2 L, TTREJE P SERST AR /N, MMN IR A (] 22 S a0 25 5 7= A i 4 . ok
W58 AT LU S8 AR 1 A 22 PO AT ORI — 2D T 988 B E MMN IR i AB AR o, DMEiF s & R B TE
Wrod, X 5 TET AR

(3) BN 48 7 5 52 R B TR YT I I M N B B v R 00 R gl i 26 ) JE A S e 24 5 S, 5 M A
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LA BT R F TR FF AR
ORI EE e 45 AR B AETAE B S Al bR e — B, MMNAERIT 1230 T RIS . AR BII R

R i A B 2 A8 AR 3t — T ] R R AGHI F-BE, (EASIRAT T — P WIS e R4 T
RHE T RVEEC A, 2R3, Wridim i

Fr 5 ] PR MEH 5 | S 197D Bl H- 9955 2402 i

e RA ZHTF
BARARFEFEHEHERER

B &

F . Vel ) 2 M7 25 2 —, HESENRIEN ) Z BB uESE , SR
FHX AR YT RCR %, BRI IR LA EA R TR BRI, RS2 R ) L7 VR F A i
PET, AT 253 BT S UEA TR — I A X T N EREA S A AR AL 2 A, IO A R
Z Bk — AR AR U Ak B /DN B BRI v 0 3 R . ZR LA N — Bl LA B UL 5y, B EOR
BEFEWh/\MAEES, HilC S S oarsc LA R . LS4, IE PUR B
BRI EMAE GEIETM) MG BURRHEZ S Tk 2B = g iz i . BRI, RS R A Ak B /)N BR
T IRHIRIT AT — RGN IR AN, FRFTFE R 15 RE 088 2 SR A0 B SCH- f PR AL

AL B A RIS S I ECSTBL/OI/INGL, WK H Hh 4 N 2 LA RS9 T, T SPRR By 5 1) 37
55,

Jiik: 1OBRVEEST . AL/ B dme/ ke B 2 IR IS IR TR, FR TR 41/ U IR 10mg/ke 25
2yt SRR 4525

2. Wr A SR AW T RN ( ABR) A AS =By E & 5F ( DPOAE ) AT /N BRT J7 15 1L

3. HA SRS AR IS PRI T

S5RGEE . PHEH ISR TR B 5 2R R A AL /N BRSC IR sh AL, IR AT T — R 5
Wit LA FEAGIN . ABRZE SRR, WEAALFEAL /N ABRAHA FR(E T, M ZE H R 4L/ BRA BRI
BIERRAR, BPERIEAALBRAL /N VT S 107 B 0, T 45 T 25 MR B A 40 R/ N BRI T T3 381K 5 DPOAEZS SR
N, AL B /N BRA A (B T3, TSR R O AP 2/ N BRI B (B R AIG, $Rms IUAA Ab R A /N ERA T 4
JBER, SNEANMRLT EYIRERA B 55, Mgk AR AR — R B () B AR5 . B B ANk A
FEVE Y N [FBEIE I T 28 SRR O 240/ BB N AE T (AR LA b BT I S di e, AP B4l Zs Blu
A FER PR EE S AR RIS, A5 | B AN MAE T R B A . Ak, WFSEE M HHHEI-OC 1 Ho iR
BAIE R RSN R T DL b R, S5 R, AL B HEI-OC1 A0 il Hh A AU T RE 2,
FALRRE L, M2E HRAAP A HEI-OC Il h A sE T FE e i, i A AR R k. ok, F
FEEWE T 25 S R RE U 1 s B AR 07 . [RIEE, BF5E 5 40 FHID S B SRAR8 200 i R 06 UE T 26 ¢
FRXH AR AL VR BRI , S5 R s, ZEARRAL BRZE AR HEIUE A B 20 40 U508/ 0 A aE T RS 38
FINZE R 4 AU 252 W AR A L g 25880, R 45— R B 1 SEa AR Ay v S s /e A, 3okt
FoE R R TR B A 0 i S A R

AT R, AN, W R
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WL AAVIEDIYY A3 20k ﬁSerpinb6aflﬂ{9€3 | 2 11
Wy Jy a2k

A2,
BRRFEFRMESAARER

W A5 P B A T o, i PRIGYT B2 27 2 B g AN T, (H I P RR R B
TR A B A B AR BE pf 22 M2 e MIT R, e RCRA PR . PR, A TR BOGTEIR R AL
Irid . FEPNAYTRTEREIK P E AT DNA B AL S AR ARRIBIPRIR I s o TEWT 40, AAV 4
TR ORI IR T e H R R E T ), X R WIOMNA T RS AR TR T 5t A P F 3 0 T i
W o ANPRA T BARZR Serpinbbalii 2 5 | EL A WT 1451 2% BEERHLHI FIIAT T HEmE

WA HE . (1) FIHAAVAFHSMNEYESerpinb6aid ik I & Serpinbba—/— /NRWT F15 (2) 6
FEAAV ] HC F¢ 541 mMyol5 J3 ) 7AW SR E 4ERpmfE] s (3) PPATAAVA SRYIEENR YT Y42 4
S

MRS (1) FIFHAAVA- S ANEMESerpinb6aid ik B INK & Serpinb6a—/— /NRWT 115 F&
{1 17EP3 Serpinb6a—/—/J\ﬁ':F‘@%%TX#%ﬁﬁE/J\ﬁ%éﬂiﬂﬁﬁgﬁﬁﬁﬁg Anc80-CMV, fF Serpinb6a—/—,‘%ﬁ/jlzlj\
SRS EE g 1 3K Serpinb6a, i1 ABR AN ¢ S YL A 5L I kil P30 Serpinb6a—/— /NRAGWT J1. (2)
PEALAAV i HC %75 mMyol5 & 2 F K W 3R 4E4¢ it A] ;- B SR Ane80-CMV -Serpinb6alfl3 |
Serpinb6a—/— /NERWT 7, AHFATABUABIPIAS H /Nt B T W s BE T o O 13 T A2 A 455
(&), FAIHH HC B3t mMyol5 BT, H Anc80-mMyol5-Serpinb6a BIT 4R Serpinb6a—/—/l\ﬂO
i ABRFIGZEZE YL (0 SRR/ INER T Sy ThBE . (3) PPAKAAVA SRR NG TF 22k, 1
AAVAS NG 2B B A2, FRATH Anc805-Myol5-Serpinb6alf it # P3EF A= AU/ L H-dw v, 7
P3OMRAELH SURTPAG 22 A o J 3k ABRAI G 5 ' Yl (0, 51296 K600 52 96 21 RN B2 1 /DN BT 3 S A5 AT
WS FNEE Y I RS LU YRR S A I SR 4N 2 ) L iR KasEhae )y, S5
XHRAAARLL, BAT AR R A W25 HANRA LA T /ARG B B B, B AR ZH 2R 20
Zlekits, BT A U RALTH%RE.

R 5255, (1) 76P3 Serpinb6a—/—/J\ SR B 7 S AN R P Anc80-CM VIR 15, Serpinb6a—/—/J\E§'L
T hAE—H W ek, XU ANE M Serpinb6aid ik IR Serpinbba—/— /INRNT f1., (2) ¥
Anc80—CMV—Serpinb6aﬁfj’ﬂ$?'?AncSO—mMyo15—Serpinb6a}ﬁ s Eﬁ%TSerpinbﬁa—/— INERIVT I AR H R
TR, XA HC RSk mMyol5 JA ) FRERSIE KW R 4ERpint ] . (3) Zeid Xt L,
S A B /N VT e RE S, P H NS L et Moz shse e R =R, TRl
JE L L B BRI A A A At A W A B O, XU I U B A AV S LR SRR TR
LA

KHHET Serpinb6; L ERE, BEPIIRYT
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FEFL BRI R AAV—ie i 5 2 LD Bp In] i
{3k P H 20 P2 Sh REIE

)
PN

HAY: B ph v 22 2 B B4R A r i 5 S, H Aim RIG Y7 HOR Bl Wr g F1 T H-
Iy, RTCIEMARAS [ SCE BB SR . AWFSE B 76 L B R AH DG BE AAV—ie /1 Z 3L R PRl 4
PEFE P BT 435 - fL R DI REE B A, (&R BiRa5 i E RN iae, A HEIERATT R AELE
NS HEA o AT 5% AR AT DA B AL R RN, B BER T 25, A B R B PR T (E A 25
LR E

Tk ACHGRAHAAV — ief 3 22 K] P [a] 2 02 1 A B 40 M AR R T F 9, LS ik &
e

FETHYI N H T T A A B A M RN AT P, e th 6 MBI B B IR, I E L RS 5 ke
UE I S PR P 2 MG 5 Ak A AV E o 985 MALerS—EGFP/IN B 73 B LgrS+ 1) A E- 141 i
A H AR, TR T RSN IR A AR 55 o SRS B Y siRN A BBURLIT 2 78 R 455X 61> L A
Bk, WERAMMEERECR . B K AEIE MyoTa+BYUMAY EL B, e 503 PR 6 Py B4 4 4 Ak ) 1A
PR . 15T Sl i [ 5 VR BDER 2 B 6F P AAV —iefi 75 A LgrS—-EGFP-CreERT2/Rosa26-tdTomato/)s L H-
U, FH Tamoxifen i Crefibnic /L AN, SosEoCRMET A B4 ( Myo7a+/tdTomato+ ) #U: .

FETFRXPTUNRELL TR TSGR, B BN 5 AAV-iei8E, AL B4 AR
R BBl AR BAMIEE, REEPOUIRCE . KM AMETEE , PRI9TS T EE; A
JEE R R AR IR A B A A% F A 3R 5 SRS S ok TP i 1 s g R g A8 7 ) P A SR /1N BRUT
TR

gL KX 6N FE P R AR ) — AAV — iefREE, B S AR A N, &
N B S/ BANEA B RIS O, I B S e AR /MBI AL T A0k i S 5 o0k, BT
AAV—iedpi BEA T 14 3 5] B ] 9045008 P E- 1 4 s e RN At B sV 1 o

450 B AAV-ie/r R ZIEHPMRIEN, AT ALk T ARG G S Ak S D Re T B A . %
W5 R R ph 2 H R R A SR A TR B, AR T — DA BRI A G S B 6 7 58, HESh I
PRIV

ORHHET ARG BE s 2L IR] A B A=

POU4F3 i & thi i 3 F S S G A fig

BT KT

FUA . B0 o R AT E A% B IO MU SZ A%, 7T 0 1P 252 i E ) A R e vk 3 28 5
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BIVEH . BANMAE St aE S IR T A TR 2 R 45 8 BANI B fvis , ST BN EfF R A R G EE , 5
Atoh 1251, Poudf3 12 A A iz PR (M 5e T i R, MG IR BEAZ /13 Atoh 1 BB BE DX 15 5 - DX Il
FIFFiL, fEDEBANMAY L. AR IT R B S IR TR el Fis PE 2 2R Ik . 2 RSB S 181 Y
PR, BRI A IR S SR R Poud 3 2 75 A7 W R AL A s AR R S ANV A . AR PR R A T
FPoudf37E B 4 M P B BERR Ak B0 5 B0 S L2 LT, IR PoudB3BEIRILIEIfE B A AR . Bl
DL H R W e T RE R AR, B 7RI /R Poudf3 IS EANMTIRERYHTALE], S ERAEFNIATT HH Poudf3 27455 |
EADFNA S B Z A LA

PR B ;. HEK293T4H i

vk L WEEIREREMEAREA, [ Poudf3HLIAR G L U0IE 5 P T WBAL I Poudf3
Phospho—-S/TIYZR L, BilEPoudf3 BRI H 5

2. fEHEK293 T4 Fhid F ik Flag—Poudf3JFikr , 3l id Flaghi R e DT # aliPoudf3 85 (5 FEH AL
I Poudf3 3 A AR BEUEA TR REAG N AL e, A P A A B R AL AB IR 07 5 5

3. PDBEL ST Poud 3MBELERERR fb (37 41 I ZE A ARFAIE 5

4. My Poud 3R 25 2878 ok 45 Y HEK 293 T4, 183 RT—qPCRAIWBAG I [ H mRNA%; SEFI
R, FRCINEE (A A WA BHASI IR (MG132/ Chloroquine ) X Poudf3ZE 14335 A ;

5. FEEPoudf3 T i UL K PlscrSHE i 1 A0 6 ST MEAR 5 2R 40, A R TL 037 5t 2878 X Poudf3 - i il 3

ER GRS RATPTIE RN, BAMH: S TPoudf3 2 —MBERILE T, JE4EE T 21 Poudf3H)
WERALAL S (pS224, pS226, pT227, pS233, pT235 Fil pS237 ) , JXBLAT & AT ES T Poud s Sk 45 4 a1l
DNAZE G A EAER] . 5381, Poudf3RIBERR LA G2 H B 6 5%, (HIAHE A B A ke rE, Jhil
TV BRI S Poud 3R . Poudf3BETRN A 28 A28 Je e A il T Ui ¥ 3E H PlscrS e ;0T o 3k I
-8 7R Poud 3845 AN NI RERBHIHLE , S ERAR AR YT Poudf3 58 285 IE I DFNA 1S B2 4R 17 UL, o
FI I Poud 341 i = 4H A F-AE A AR SC A7 S4BT T %

KT BUE T 5% FPoudf3 BRI 1B

i v o ORI W BRIt 20 i 25
R DFNA15 {5 PEH- 2/ B

' EFE . FEERL EALR
1.AHKRF; 2. b mEILKRF

W SR —Fh B R B . HAT, SERAE4MCNEEV R, i h BT 5%,
Hop, RN GRS 6K L 2 s 5 AN THIRIHRYT, EE0RZMR . i
FPOU4F3RAS Al 5 # Ye o i AR LR A AEE H 22 DFNALS, IRIR_F M JCA ST . JE K n i RE RS
BRIBEE AT, A MRA FIRyr et 2R 1 . FATLAHEDFNA ISR R BBEANR (#5737
POU4F3Q113%%84% , ¢.C337T, p.Q113%) RMAFFEXNIG, #EATDFNALSEN L H g ia e b ot , Jfimad
SRS 2 A VRIS, SRR T R g R R 7 EL A A IR IR S AR IR AT A2 AT B RE T o FRAT Sek
T Poudf3Q113# 7% 5 /NRABAY . ZAAL/IN R PO TF 1A th W Ty 46477, A A05E4EL T DFNA 1S IR A9k
Tk BtJG, FRATIAE SO0 % H ] & 38 00 = 3K A7 B 8 CasO LT b fili 22 25 1 i N0 i 22 it FA) 7 O 3 A8
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LR BFRFH R F TR

ABEBIL A% o TEARIMET POUAF3 ¢.C337TZE AR (1 40 MUY T R4 70500, T € H SchABESe/
seRNA3AEAL A . HHELTABESe, SchABESefdi Sk #% vl ATEXN AL SE B G E . =i, LA
B, PRAINN M S AT S R IR S0% A 3 . T AAVIGRE R IR AL BRI, FRATHF SchABESetEf T — 4%
SERI TN SR 50 0 e . 3l R A A FIRILLS, Gk Split-intein SchABE8e Variant5, H:N¥fi5 Cify
53 A HEA A Anc8OLOSHR FEA ST H AR N HEA T TR ke . 3558 X Poudf3Q 1 13357 A= FRZFA 7 7 [ 7 s 1
B, FFREEPRNATOISE . ST FACE L dIKE L DIReAKCE T 2 R UITRGT . X RS —
5 /N T B e 5%, FECDNAZKFAGI 31 15535309 1A 85 it o X s 2 20> s i3/
AT HRY) 7 5oty @, SR ERUIRE T POUAF3EE IR E M ik, R B 40 A7 1% %
WARKIETE . REEE S P G XN BRI TABR S DPOAENT J13B 1, 4558 Won HOAy 7 a i H- 2/ N )
DIRe i B, S En R B AR RN T J K, SORATRESE 2 /D4 H o A, IR RS EWT
INRIEATAT R . W 1225000 s, 25 R BRI RS AN S WT/NR A B AT A LEE, XTI ) e
W, WA TS IRRAE, (R T X-—IRI7 BRI e, R TR S, IR
TAYITDENATSEIREEHE 7B Hm% . SchABESe )T At oAy HAth 353 14 P50 1) B RN P44t 1o AL T Bk
¥
RHF FEPNAYT s B VEH R DFNALS; BREERG A ZRE 4% ; AAVIEIXAIA

BRIV T AT AL 1 v 945

3
AaXFas “HRERXFE _WEER

BREET (Ferroptosis) SRR . BB R AT A AR T TR, BRI TS AR N H- B4
JRASL05 5 W 3 D REEAT AN AT 5200 o HAE HIBLH 2 S B AR e . R B RSB R . AR S R
iE HAESF Z YRR P 2%

BRAET 5 N H- B A A0 0 1 S A B Wy g B RS LRI TR e A, G ] T PR R BTG R
P H R R S5 1] o

KHEF HAETs; BN PolEG JRBUd AL SN

MITF2l 15 %78 Wl fiE 15 FLEE AR 255 AE4 RUHT G

AN TARER

Hi: BB LEAIE ( Waardenburg syndrome, WS) JE—Fp 2 UL Z2 3L AP I ad o 8 MEpc g, i
RURHE g v — 5 BBt e M DU MR (R Tl . ARIFRII — B R AV Z WS K R Tist (52
JRHAESY, R IMIZR RBEHEURH R, I TS RAE TR %

ik WERBATATHEANE R L RED TR IREL, R B3R THIE RS S S B IRSR
. IR RS FERUEIRFA . SRR RBEF R, 855 AN W5 RS R LA ik
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SIMFEAR . BiPCRY 1 = K& WWHFILKGIB2, SLC26A4, MT-RNR1 K WSEEILFPAX3, MITF,
SNAI2, EDN3, EDNRB. SOX10%fi5% X iR A7 4 7 K 35 Y107 751 o F1FH Sanger{l 5 £ AR X PCR™=4)
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PEAEREL. /ML KBS B35 2HESE

FEPRME AR R E A 5 Ll ek 2k S RSAMP/NGL, A R R A /N R, A R A
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A, (S ST H AR TP AIME R T4 B IIEHE ;. WB, PCREZMCCAATHI M 455 H M B
(CEBPB) | MESRIER T (TNF) — o FIRAER F A ZE (IL) -6MIEIAKF
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(P<0.05) , HEZ S5 5 5 mE R /N UM SO RN 22 47, TR s B0 B 40 i it i
F TR, BRI Y45 H BB /N RS IR /N BRI DA A B 3 22 572, G0 N iR o 411 | CEBPB 3
PRFERIAT PRI IET 132k . ABRWT ) BIE T R%, IFZ55 SR B BANMEGE N, Fokdiilly . WB
25 5 BN S R /N A L CEBPBIE R 363K T e .
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Establishment of a cochlear organoid platform for

remodeling the extracellular matrix

Nianci Lil,Yangnan Hu1,Fangzhi Tan1,]ieyu Qiz,Renjie Chai'

1. southeast university; 2. Beijing Institute of Technology

Permanent damage and loss of inner ear hair cells due to genetic mutations or external factors such as drugs
and noise are the main causes of irreversible hearing loss. Cochlear organoids can provide an in vitro model for
studying the underlying mechanisms of injury and for developing new therapeutic approaches. However, there is
a lack of protocols for the rapid and efficient establishment of cochlear organoids. In this study, we established
a novel method for creating cochlear organoids using a synthetic GelMA hydrogel culture system to promote the
spontaneous aggregation and assembly of inner ear stem cells in order to rapidly form organoids, and we found that
the extracellular matrix undergoes extensive and rapid remodeling during self—assembly. The expression and activity
of the MMP family of extracellular matrix degradation enzymes, especially matrix metalloproteinase 9 (MMP9), were
increased in cochlear organoids in the hydrogel culture system, and inhibition of MMPs significantly inhibited the
formation of cochlear organoids. Our study is the first to combine analysis of the extracellular matrix with cochlear
organogenesis and provides a rapid and efficient method to model cochlear organoids.

Key Words cochlear organoids, GelMA hydrogel, extracellular matrix remodeling, MMPs

- 157-



W AAVIF 3 Gjb24y 5t 5 1 RDFBN 1) BUS R )

IR AL FREERL RAR
1. AdIKE; 2. A WEIKF

HA: B#8RI0R L W SR sm, Ca/™Eem 7 ARMWIER AN, HtsEm TE
KA EWHOHRIE , 2IKILTA IS NAFTEARRIRR B T 4%, 4.6640 NIBBREEPENT 14k
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EAMRGIb2 B R B Gib2 8 )1 M SR A B A L v, B IRAE AR 1 /N o Gib2AE Hw iz Rk
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fiftk . AAV-SCpro-Gib27E/NRHSR AT L2 4 | FER R IR T N IRPEGb2+ 41 . BEEAAVL, AAV-
ie 457 J7 21 1 SCprodi 8l ZME Gib27E Gib 28 B /s Bl b (1) B8 38 BRI AE AU W R Gib2Bi e /) LAY R
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KHET /NVTFCX. Atohl, B EIFE . T F1#ik

KEPHIRY Y W HIBIEA AL 15 & A PE VAL

Bkt oAl A
L ABKEMBTXER; 2 Ad k2

H B OTOF R BFE AL ( DFNBO ) BRI IR 50 BT Se i etk Jig , f Ak Bash 2% B 42
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FEIRE WAL LAY T P UE S SRR, IR R E AR (WAAVATE TRLNGE . CRISPR-Cas%
B AImIRFEAYE T

R A2015-20234F @ ER 162U PRATHTSS (& /N BRI SORARAE L ) 5 7501/ TU9 s PRI 46 %
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sl DR
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Z5ERWMEK G2 FUAE T 2 ARAE QN 4% 1 5 5% S R8CR AR iU P, WA S OTOF £ KR YT B ik
PEAE; CSFRBIETR A% B TARR ARG s FIREEIR R . ARBEGE N MR IE IR YT AR PR ER i vE PR iR
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JAT, AR RO R MyoTad 14k, it Q-PCRAIN P B R I S &4 . Wi~ B R A
K8 FE k251, Western blottingfIDLAT . FDX1363k, 18 k%% SE2H I B I 30— AL 36 iF HAE AL
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Hearing impairment is a prevalent otological disorder globally, significantly impacting patients’  quality of
life and socio—economic development. As a crucial sensory organ in the human body, the inner ear’ s complex and
concealed structure makes it challenging for drugs to effectively reach the target site. Hydrogels, as biomaterials
characterized by porosity and environmental responsiveness, enable precise drug delivery and sustained release,
making them an ideal carrier for inner ear drug delivery. This study aims to develop a localized drug delivery system
based on hydrogels. Utilizing the breath figure method, we fabricated microsphere templates to achieve high—
throughput production of methacrylated gelatin (GelMA) microspheres. Subsequently, polydopamine (PDA) was used
to coat GelMA microspheres loaded with layered double hydroxides (LDH) and brain—derived neurotrophic factor
(BDNF), aiming to promote the survival and recovery of auditory neurons in noise—induced hearing loss (NIHL). This
research provides theoretical support and experimental foundation for the clinical regeneration of auditory neurons

to treat hearing impairments.

KA hearing loss repair; hydrogel; BDNF; Mg/Fe~LLDH
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o B RS B R LR SR A SRR E AT RE R R TRA R

MRS fHIREEKEER ( RatCol ® Rat Tail Collagen for 3D Hydrogels, Advancedbiomatrix,
#5153 ) , ZHRUSHA4CHATAFIHS (0h, 0.5h, 1h, 2h, 4h) WHERALIL, HRKHAITC
R B AR A RS K BEIG o A IR BERCHEA T DA 3258 . 1R AR+ B AEE (SEM) XA il
S O T S M 7 . 2. PSP S0 26 2 9 K A 302 72 4
Br, WA (G0 ) SHFefiat (G° ° ) LA KEER R E S5, PPAh#5 4l )1 2= 1t ae sk
M. 345508 AFVBILEAI N H- T4 (CSC) Hefh a5 R FUKBERE A E/ N LN 24 B 3D
B, AT RARIG, R EBECRGTRERS, 73BT TR L g L FEdUL & 36 FEGL 0 ] TIPAh 2
R AMAETE R, TTEAUZE @ TR0 A0 A p B AR s P, DATIT AT A 2% 2H S 8 B 9T ) 5 BB g
Jio SEEFRTRES, TE WA T XA R 15058 G ) [l S /K B I T i 28 28 B Bk EA T L, JFgeit A
e, eI A A AL R, S T S8 B A KA

S5 LRGN WA A KEEC A BOR IR AT YL 48, HRRAE ] e S 27 4k AR A L b 25
25 (P>0.05) o 2.BEE4CHREGIRIER, KIEKERMHEFERE (G ) SHFERE (67 7 ) 4B
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B, 3IEFIRSE, WA RN, SR EERSEANNL 7 LARAES %L T, HAR WL B 24 57
(P>0.05) . 4.35584K)5, EdU 488Ut n, AR B BRM NI K47, FLMFEANM & Fo oA D 2 1k
225 (P>0.05) . 53RTRG, WSS E/R, MEACHREGRMER, —RRE/KEER T IEESE
BREARSEIE SR, TR A H A Th I JFK BERS T R B ER BAR IR (94.38 = 6.465pum) , SR
A IFIEJORZ] (54.63 + 3.877wm) 54h#l (5229 + 5.039wm) FIKEE HAA BELR.

S5 WS AT AL FEASRDRG SRR B I SRR SE RV E M AN AL, T N HERE B A 85 %
TR I K B RS /NN (G7 =271.0 + 5.248 Pa) BigR U EBRA R M2 )P e, XHR M
HR B ATREAAAE 1555 BERLN, ,  SAb g 2 o 8 N T H B A A PRI 1 ks

HT NHISERE, WETAIM, R, ANANIERT, Ji2etionks, Rk

G P58 w0 CL 2L S S 94 L5k 86 Do i 4 )
SHAR GEPELLBERGEAT EWr ) 4 1 K 7k

AT, B HT
BRRFEFRMESAEER

H: AW E R AL BRIE (Systemic Lupus Erythematosus, SLE ) BN FRAGWT J7 2745
Tk, DAR W J34 e BRI [a] 5 4 s HORIRSESLEAZ R MR N S5 . AR OAEE A8 4k, B 1 VT
TR ARIEIERL ;. FR, TRASZHESLEA DT i R BURALE], -4 OCHEPL T AT T FE A
e, SO SRR U /N A S AT T I, AR /NRUUT  RAAAEAL, S R B IR S A
BTS2 6 LA

D5 fit FH K v S X 6~ 8 A JE % ) P CS TBL/6 /N B AT SLERE AR, PEAS A6 AN [ A % N ABR AN
DPOAEMIWT 1 BI{ES5 A FH B g i S 4a M e R (Single cell RNA sequencing, scRNA—seq) FFtt
M FFH AR (bulk RNA sequencing, bulk RNA—seq ) XFSLEE /N H- I EEA U T Sl e,
CellChat 55 T HIRA ST AN [ 21 A S A 20 M (B0 TR 00 o SOt . AL . Western blot, it
AR ZEHARXS A AF B a R AT IR . /N3 TS P 4 B A GO PR EA T T 10, 223
SLES-EUr T4k

ML R IR SRR A4 S B SLERS AL /IN R BLEAT G2 2 T T34k o seRNA-seqféZRSLE
/N BRUCERBA 100 A8 SUAR A8 N K20 ( CEC) Bfdt 5 FURRAIR,  FLARMIIA] 4200 A AR, U0 i P S
FWISLE/NR M 2R PEFERE (BLB ) SE8PEzil, RAEME BN, &E5ARRZRESIUR, FHET
WREVAAE (CTL) AESAS AN (NKAIML) il . k. DR A s E -HZECECH O hdn
WEEMAO, D, PUREEB (GzmB) & MR MM A EIE B G T# , RCTLAINKA IS S
CECTH TR OGS (0 AR S PRI 70 1) Gz B 7 4 T A R RS LE/ INER A T 42k o

451 . SLEACRL/INEZES U & T BT 46 1 BUOTRp e AAAEWT ik . BLBA W TS 20 U455 I
SLE 2 K H-bin 1) S B B . S se R L 20 A ( CTLRINKZRAL ) 368 Je 200 it 25 Pk A 5 S CEC Y PR =
JE O BT I e R A A DG EOR AL o 38 3 A0 Gzm BIE P 1T T 990 S i mE M UK O 40 M Y sV E T g
ARARRSLE/ N T Sk

RHET W s A B R e i s LRk PRGRRR ; SRsie 0 4L B AR
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Rli B — AR ER

H: 8 CS7BL/6/NR R TR T 75 110dB, 45238220k Hz 1 Fa 5 W 75 T WG /N vy /N BRIT 7 A
PERIFSARY RGPS S AL AN R ] /N BRUVT ) B . LB et B gl v AR ) AR A=

BBE: CSTBL/6/INER . FEAFMEFE S5 (DOD 830 series II, dbx223HL 434l #%, YAMAHA power
amplifier PX3) | s Ik & (SEETDTUr A B TAR ST 3815 K ERIE 5 RERS ) . 5%KG
AR, TR (IR .

Jrid: AEMIRH 80T ACSTBL/6/NR T, BEMLIEREMEM: R/ NERAS 7 VR MR 4, Rl ALIE SR
M UM/ RS S UME X IR . /B (24 FiRY ) MR B EERT (UN) |, LAS%/K A SRR/ BUS
A5 P2/ B ABR B S LRI« TR 2625 H % B o PR A A MR s 4/ BB 8 1 7 3
110dB, #5220k Hz i e M 7 v /N, R BRZE /N BB T H W IR R R EE v, 2 IR 75 B2 5 I 1R
(1DPN) . 1Jd (1WPN) . 2J& (2WPN) FRRINFG L/ N EABRIEIA . TARIE . LRI, 404 ik
FGHI 48 B A AN ]S T A A8 A AR

SR G55 CST/NRAEARBAhNE S B 16H207 77 BIERAR, 420 £4.77dB.

C57/NRAEME S B8 5 — K (1DPN ) BFWT J7 [ E i Mg = 85 i (UN) 1920 £ 4.77dBFH i K
63 +8.12dB (P<0.05) . IJYRIEMH3.82+0.58uv FFEH1.4+1.0luv (P<0.05) . TJERYIH
1.55 £ 0.06msZEK: 42.05 +0.17ms (P<0.05) , FEMER 5 —BF (1WPN) A &R, 25
i 60+11.99dB, 1.12+0.35uv, 1.91 +0.22ms, EMEFJFHE (2WPN) 43508 60+ 15.41dB,
1.11 £0.42uv, 1.93+0.31ms , H.IWPNS52WPNARIXN BHEL LG 2724 57

X HRZE/NER T, 24 BRI NEUIT 21 + 3.76dB, 38 HIRH/NEIT 820 + 5.00dB, P=0.05, i
B AR IR IR BT H R E G 25 5

Z 8 T110dB 2-20k HzA MRS PR /NI AT N7 AP S P 2 1 5 7/INBRUEARY , BIIT I iy, TR AR
WIZER, TEARIE NI, HEMERS RS —RAG B TRE.

RHET WA HZE, JNEL, Wi

s B PLS CR5 AT E A LT B fads
AW D GE (%) 55 1 PLIE oS

RGO BT ALRT TER
L AERE; 2 ARBEMEER

W S T H- 30 B A R A5 A AT RESS B, R e e TR UM sE i F- WL sh 2 AT B . BEAR
FHEE X THERP A PRYEAR W B2 SR, BN IR B LA WSS RE T AOVE T R B . 7RI L,
FA T80 E PlserSE L 3 N T POUAF3 I — BT P IAHEAR, X T BAMIIGER LT, HRESFHAR
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DFNA 1SR . PlserSi/ B E 4 #h2F IR (LA B AN T2 1] BUEAFREDT HHUK . ThAE AT
B, PLSCR5/FHELF B L BRI 22 =R (PS) M, X —id Xt FARMERS IS 2 CH %L,
AT LI T PLSCRSVE A PSAMEFIFREF BAERF A OCHEIA AT R -, W sd 40 2% 19 73 L B2 it 1 %
B ULAR, IEHRFPLSCRSHE ADFNA 1 SERMESE 1 P 26 1R Y7 LG

AR Plser5 Poudf3 H-E/NE

P Nr4a1 5153 I ERE T2 080 B 5 3 1)
Wi 3 458 D HLBWE 5

& 45
ARKFEFRWEEZARER

B WEAE A BB R I R - ReAE Ay T ot B v WA RIVE R, 2 0G4 ™A . dHHa I T
W . AR N AR T E AR R R DL ARBE T I A O

BRIET R — PR AT ROS SRAR AU A BEAET TR0, RO i et 4k 5 1 & o T RNA NP 45
SR IEAAL R 5 ERFET - AH I I Neda l A B 3 1R, SRR R Neda L 7E AN 56 4N 362 495 Hh g EL AP
JHRAE AL

Tk — . TEARNSMNEAE BN Nrda l IR LA TIE, AP IFAR; = (KN4
HHA A R 175 5 T S 45 5 A R0 v f FH N e L0350 S 6 /N BT 0 B B E T s =L PRI AR B 7 I
BTSSR A Neda 10 500 %68 /0N BT 0 B9 PR T

G50 LRSI AL B SE 00 25 AR Neda LZENREAZL 0 3 FH, SRNA-seqZ5 556G, Eid R
PEVENCY O A WBSLH:, 45 R MINdal 26/ R IR B AR 2 =ik .

2 TEAH MK PA T S Nrda 1 J0E R ChRY AL S, 3l 5 Q-PCRATW B 25 A7 Nrda LFE S FI/E
R FRIB BN B R, [FIBTERAET A SR AR B UE, &I Nrdal TR RSB T

3V FHCS7E S WT/IN RS BEAF A5 780, 380 o) M s e S i SR DIMUS 47 ABR A 2 SREK 45 FH
DIMZH /N BT 73 IR 5 20 I b A% . X Nedal R AOAIIEA T AR OGS0, & BRIAAAS S B2t
fii)E, Nedal @ fiKn] DEIEGPX4 ., SLCTA I SEIRFET - AHOCHE K () 3k IHIACSL4 . NCOA4, TRFCH
PRERFET- A I ik, HE— 2 UESC I FRR KHIE T P Neda | FTPIHIERIET, 28 ff AN S 2500 T 41 i 15
i

51 1. MWINrdal )38 5IEE S AW DB 0GR, e W ZE R /)N BRUSE 750 44 phy 38 5 1 9
Nrda | IR FE T AT 2 f A5 S Wy a4 45, A1 2 ) R T 6 A4 P A DA Tk B 52 Wy 7 ARk, o
2. WS Nrda A HIRIET R 2R FALE], i R Ll i et B S I3 iRy T i, U 2y
VIR A B8 B G 5 S0 Sl

ST Nrdal G B2
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Defects CHRINA10 leads to remolding of both afferent

and efferent neurons and to impaired ultrasonic hearing

Chuanxia Hu
FHE R R E

High—frequency hearing varies dramatically in different mammalian species, playing an important role in
social communication and auditory perception. In humans, this capability gradually declines with aging, often
leading to psychological disorders. To elucidate the molecular mechanism underlying the regulation of high—
frequency hearing, we compared the cochlear hair cells of three species by constructing the atlas of cochlear hair
cells of megabats, microbats and mice using single—nucleus transcriptome sequencing (snRNA-seq) and switching
mechanism at 5°  end of the RNA transcript (smart) —seq2. Comparative analysis across megabats and microbats
identified hundreds of outer hair cells (OHCs)—genes and thousands of inner hair cells (IHCs)—genes that correlated
with high—frequency hearing. Enrichment analysis revealed that these genes are enriched in ion transmembrane
transport, synaptic signaling. Notably, we observed that Chrnal0, a cholinergic ionotropic receptor, exhibited higher
expression levels in microbats than in megabats. Perturbation of ChrnalO in hair cells impaired hearing sensitivity
across low to high—frequency in mice, with particularly complete hearing loss observed at frequencies exceeding
24kHz. Smart-seq2 sequencing of IHCs following ChrnalO knockdown revealed a downregulation in pathways
essential for the sensory perception of sound and mechanical stimuli. Conversely, upregulation was ohserved
in pathways implicated in neuron death, axonogenesis, and the regulation of neuronal death. Further validation
revealed that disruption of Chrnal0 leads to structural damage in both lateral (LOC) and medial (MOC) olivocochlear
pathways. This damage is accompanied by a significant reduction in the expression of synaptic terminal proteins
vAChT and TH. Regarding the impact on afferent neuronss, we obsered disorganized synaptic projections from spiral
ganglion neurons (SGNs) to IHCs, accompanied by a reduction in synapses. Additionally, early spontaneous
firing properties of IHCs were altered, thereby interfering with hearing. In summary, this study offers unique insights
into the regulatory mechanisms of high—frequency hearing in mammalian cochlear hair cells and may contribute to
the development of therapeutic interventions for hearing loss.

Key Words high—frequency hearing; inner hair cells; microbats; megabats; Chrnal0; molecular mechanism.

A role of opioid—binding cell adhesion molecule in
shaping sensory neuron development

Fanliang Kong
Southeast University

Sound perception primarily relies on the functional connectivity between hair cells and spiral ganglion
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neurons (SGNs) within the cochlea. The transition from initial SGN subtype specification to fully mature subtypes
(a, b, ¢) depends on intrinsic spontaneous electrical activity and extrinsic sensory stimuli, which guide immature
SGNs to develop into functional mature neurons. During neural circuit assembly, extracellular molecules and cell
surface receptors guide axonal and dendritic growth toward specific targets, forming the structural foundation of
neural networks. Thus, we assume that specialized cell adhesion molecules could likely regulate SGN maturation,
differentiation, and auditory circuit formation. Using RNA-seq and scRNA-seq data, we characterized the
expression pattern of OPCML in the cochlea. Staining results revealed dynamic subcellular localization of OPCML
during development, showing progressive enrichment at the synaptic junctions between SGNs and hair cells,
suggesting its potential functional role in synaptic connectivity.

Key Words Sensory neuron development

00 PG 2 B L I Y P Do o o 2
KK % & Heag PR 8 A A BIL TR

EHEK. FHR
BT H—ARER

HAY . B 2 ((Astragalus polysaccharides, AP) XK KA ZE ( Gentamicin, GM) S H-3: 1
IO PER, IF BB HGE R BTN (endoplasmic reticulum stress, ERS ) 38 A JEFE AL o

ik DUNRES B4 (HEI-OC1 ) JBIR, S84 500 . 25 I IR, CMARERAL . APAb
L S AP+GMER A AL B2 o SR FHCCK-8iL kil A i oy, Ji =X 4B M AR 3 B 4B B R 9 S5 T2, RT-PCR
FlWestern blotK I T-AH LA ( Caspase—3. Parp. Bax. Bel-2) MERSFRiGE#H (HSPAS, CHOP) fY
mRNA 5 HHEIEKF.

ghEHL. GM (20mM ) AbEE24hfHEI-OC14IMIEG J125°850%, FHIGM (20mM ) 4hBi24hJEFg HEHEI-
OC 1 40 A0 B TR ()38 B 25 1 o &S 3 e GMAL B AES EEHEI-OC 1P T-34 I, i APRERS M HIGM
SIEPAHEI-OCIEIHT- . RT-PCRFIWestern blotZh Rl 54—k, SOMALBRAIAILL, AP+GMIEL
A AN Y Bax/Bel2 FUAE . Cleaved Caspase—-3 . Cleaved Parp%%ijjls%ﬂiﬁo HSPAS5. CHOPE AL R IR,
CMATHIEHEI-OC 14 I ERS, T APREASRFRERS . 220 AP i V835 ER Sl # 10H GM 5 | E 1 40 i J8 1
K B EH MR ER .

510 EEZHEE TR HSPAS/CHOPA S 1) PN 5T I R JHGH [, F5 50 DR 251755 19 H-0 6 20 i 0
T2, MR KEZHREEM AR 258200 T He R

RHET WM RKEZR, Bt WM, AT
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A single—cell transcriptional landscape of the non-—
human primate sensory organ

Yuwei Che
Southeast University

Over the past two decades, developmental biologists have achieved remarkable progress in elucidating the
cellular and genetic regulatory mechanisms governing the formation of this intricate structure, cochlea. These
advancements encompass three principal domains: the major developmental axes of cochlear morphogenesis,
the molecular determinants of hair cell (HC) fate specification and transdifferentiation dynamics, as well as the
characterization and functional interrogation of mechanoelectrical transduction complexes. In rodent models, both
the sensory epithelium and spiral ganglion neurons (SGNs) maintain an immature state during prenatal and neonatal
periods, undergoing substantial structural reorganization and functional maturation around postnatal day 21 (P21).
This critical developmental window coincides with three coordinated biological events: regression of the greater
epithelial ridge, detachment of the tectorial membrane, and establishment of endocochlear potential. The advent
of microfluid—enabled single—cell/single—nucleus transcriptomic platforms has revolutionized traditional cellular
profiling via high—throughput—based cell capture strategy, thereby enabling cellular make—up construction in
development, across organ and species, and perturbation—dependent atlas upon disease or stimulus. Nevertheless, a
comprehensive transcriptomic characterization of cochlear cellular diversity in non—human primates remains absent
till now. For their phylogenetic proximity to humans, establishing a reference cochlear cell atlas is an essential
prerequisite for advancing our understanding of human auditory physiology, pathophysiological mechanisms
underlying hearing disorders, and age-related auditory decline. In this investigation, we implemented high—
throughput single—nucleus RNA sequencing (snRNA-seq) to systematically profile 11,280 nuclei encompassing
virtually all cochlear cell types in both juvenile and adult Macaca fascicularis. Our multidimensional analysis
revealed substantial intercellular heterogeneity across distinet cell populations. While the cochlear cellular
architecture demonstrates remarkable evolutionary conservation between species, comparative analyses identified
pronounced species—specific diversification in glial subpopulations. Conversely, hair cells and spiral ganglion
neurons exhibited conserved transcriptional signatures that maintained robust cross—species homology with murine
counterparts, highlighting fundamental mechanistic preservation despite evolutionary divergence. We also further
integrated disease—associated genes associated with hearing loss into our atlas, as an indispensable resource
for future investigations in primate auditory biology and the development of therapeutic interventions for human
deafness disorders.

Key Words Cellular map of macaque cochlea at the single—cell level
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Wy J345i2k (hearing loss, HL) J& AJSHES 5 UL IEGE D BE R AT 22—, bl 300 1) R G 12 J2 1) T i
WS ETRE, HwKN 2R, WBURNAEEANILEN 5%, SEEET & T AR5 i
M, UH I R AT R BEE W R ol B AL R W RS, Rk 22 AT 5 3R BT N BT 3
(endoplasmic reticulum stress, ERS ) 7EWT J1 ik i & A48 & B p i Em 2 A, NN (ER) JENE
B T . BRI o WA AR S A M R T AR AR LT, (RIS ERAE A 20 B P 2 AR AT i A 2 T 4
FREG RS . PN B DO I R 4 B PN B XS S R B IR R S, B 4 B s e PN S5 T sk R
FERWI N T BB AL R . BARYE | MRS PR RIS PE I B e R AR, BN N NS 5
HEAMME . SEE f 2215 28 T A M A5 T 03 AR OC AR AR T, PRSI R ORE DGR T L PR R A
25 T ek R P S5 I 3 SR TSI AR DG T 345 % o AR SCHEXoF P J5 0 Iz B8P T g 48 2 v 4 S B T 9
ATErak, XA P T I g A R T B R T RS A T IR B, USRI A8 R T AT B R R
%

T Wy gk s BTN ;s N E B4

HIRALT Y 25 Py Hw VR AN I BIF IS UL Jeé

R
BETHE-ARER

PUENZE 25 il A 2 IR IR T R DT 58, (PR A B2 45 RV ™ R e R 2
FERTR o SR HA A DR B gt T 0k, i m] 51 R B S e h e Rt , HILZ
DRI 5 7 SR R A 7 B e, i B 7™ T 1) 5 T R T AU o T I R R 0 P 380 v
BT DA HUEEA I, LB Z X8 PR IR F TR RE ) R AT I RERY RGTIEVAN , BRI
AR ERR . ALRRERFE LY Hp R PAE SN, SR Tah &ty BT ( =8 kHz) | AT
FIE VU EAR AL AT E DI RE S 3% (AIDHIMIAS ) , By 2RSS IRIIR AR . R o ik L 28 B
KA FC AT AT 92l 5 rp A W s A PRSI, LRI R R AR5 o S AR DA B, A
ACATHE T PRI 2575 S 9R 8 eI o RAP 11, SEORTR A A H S AL i S A 2 BRI SO 45 . RIS,
RIHFNE Y RS Y28 KT - e e S LR R, LIRSS A M I A R A7

KT 22 B m AT
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