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Abstract: Objective To investigate the expression and potential regulatory roles of aromatase (AROM) and three estrogen recep-
tors ( ERs)—estrogen receptor alpha (ERa ), estrogen receptor beta (ERB), and G protein-coupled receptor 30 ( GPR30) —in the
primary auditory cortex ( Al) during auditory development. Methods Male C57BL/6J mice at different postnatal stages—postnatal
day 7 (P7), P14, P21, P30, and P60—were selected. Auditory thresholds were measured by auditory brainstem response ( ABR) ,
and qRT-PCR, Western bloting, and immunohistochemistry were performed to examine the expression changes of AROM and ERs
in the Al. Spearman correlation analysis was conducted between expression levels and hearing thresholds. Results ABR thresholds
decreased significantly from P14 onward ( P<0.05), reaching maturity at P30. qPCR revealed that the expression of AROM,
GPR30, and ER increased with age ( P<0.05) while ERa peaked at P30 ( P<0.05). Protein levels ( Western bloting and immuno-
histochemistry) confirmed a significant developmental increase in AROM and ERs expression ( P<0.05). Spearman correlation
analysis showed strong correlations between the developmental changes in hearing thresholds and the expression of AROM ( | r, | =
0.75) and ERB ( | r, | =0.72), a weak correlation with GPR30 ( | r, | =0.64), and no significant correlation with ERa.
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Conclusion Postnatal auditory development in mice progressively matures, accompanied by increasing expression levels of
AROM, GPR30, and ERp in the Al. The AROM-GPR30/ER axis is suggested to potentially facilitate the establishment and matu-

ration of auditory function in mice.
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AR MW (17B-estradiol, E2) 75 Wi 2 fiE
PRI 32 T I R 9 e B, 2 1 7 4 22 i
Wy T3 DIRe LT B4 4285 Wy g Rk B BH S ke
A ME R IR 7 AT RS0 O 46 248 Js A PR W )
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W R I, I 4Un] 3 A B 7K HE R B
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PRAPAE LT R e FE G HEE T, (R X W e D e iy B
PRIE P AL o AT #ET ) 35 F AL B (aromatase,
AROM) 1E M Ml 2= G AR OGSl , LR k7K1
PR Je FROE R R K, ST R, AROM
DRl g 53 A /0N B B MR ) 8 A T B Zh e B 1, 4R
AROM Fr R ME R G ] e 2 50 se i, it
Hb MEBER 1 = Fh 32 AR ——BfE I 2R 52K o (estrogen
receptor alpha, ERa ) ML 2 321K B (estrogen re-
ceptor alpha, ERB) 1 G % Bk 3Z {4 30 ( G pro-
tein-coupled receptor, GPR30) 7ENT 3% R 4t H 1) 43 7
55T RE 12 W 9k B BH QR E A 28 T R IR Y
ERB FI AT 17 Ml 23 % B iy 5 fipl g 728 A8 LR 4P 4
FAUR BRI, AR R VTR AR T B2 2 (primary
auditory cortex, Al) 71, AROM 5 #f #% & =z 1k
(estrogen receptors, ERs) [k Q] FENT 38 & & 3)
DAL JE A S5 R W58 D) e B S5 n) BT A 1F
FE B A S E A A I /S BROA [R] 4 B B B e T [ A
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B i) i R P O 2R AR A 1 T b LR B R S A PO
S/

1 #R5FE
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1.1.1 ¥

U B C57TBL/6T HEME/INER, AN R & & i
By b s dH.7 Hi(P7) 14 HIR(P14) 21 H i
(P21) 30 Hi#(P30) fil 60 H¥A(P60) , fE4H4% 9 H
(M A v I S v B R SRR S S T ) o A

/NERITE SPF ¢ Bt [ A B rp iRl 5%, 4ERF 12 h/12 h
BRCIBARER , H R UOK , R 6 7 20 ~
25 C , HIXHR EARFEE 50% ~70% , AWFFE 8 5h )
ST RARG A B R 2R SR B Y AR R SR B
B2 it (HiLES . AMUWEC20242056)
1.1.2 &5

S5 R R SR & (RRO4TA) FIHOGE B
PCR &7 & (RR820A) Iy | H A Takara /A W], —
PUAuds . AROM (525 R23529, H [ iU #F 1E RE A= W
HAR A H]) L ERa (585 ab32063, 3 [E Abcam 72y
H)) .GPR30( £7 5 ab39742, % [E Abcam /A 1)) ,ERB
155 PA1-311, 25 [E ThermoFisher 23 7]) , LA KNS
B-actin( #7%5 AAI128, i [H I3 < KA E RS
BRATD o IR 1eG/ B BEbRIC T, (195,
A0208) , NPT/ IgG/ HAR B b ic i iAk (185 .
A0216) , Ll BT TeG/ A=W R hnic bu ik (17 5.
A0277) AR E ALY bR D A R R R (125
A0305) ,BCA 5| & (575 : PP0010S ) ¥ 5 v [
FEAREYEARAGRAF, DAB B &k
Wi 43R & (585 . ZL1-9019) W [ th E b 5l rp
e EMBEARARAF,

12 Fik
1.2.1 5@ o 375 A Ha Az 52 56 Kz 0 /) SRR 3 0 (8
e

SIS B ) R FH kI S A S (45 mg/kg)
FIFH 2R WENE (6.4 mg/kg) ¥ 1+ 1 LU IR & s v 5
BRI . T RIS |, ¥ sh ) T B il % N TEL TR B
R, SR BT MO i s T IE B L SR
e, MR EFLREE S % Wt B T B
B, R RS A L4701 ] P BHLZE 7 7E 1~ 3 kQ 8
FIN ., FR RS R MFL 7 2%, 18 & T REAN -
iE1T 0.5 cm Ab, Wra i 175 & B0V (auditory brain-
stem response, ABR) K il {ifi A 3¢ [&] Tucker-Davis
Technologies 7~ F) Y RZ6 Wi R S 3547 75 il & ik
M G5 R4, MR Click H 3, & 45 58 B R
90 dB Ji4fi, LA 10 dB g 45 K il ; 12 30T B (L N e oy
5dB KB, LARESTHF 1 i sl 1 3 e iy e A
SRR FE A A B R R AT B
R 512 YOFHATE 5 P2, LR Ra e v EE 1
ABR WY, MNALS G 2P & T E R B 1 oUigE
BoEAINE, Hrh AT SCER P15, P7 /NS HE R
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1.2.2 gRT-PCR #iilll AROM #1 ERs ik
1.2.2.1 RNA ##H5 cDNA & i

B 2l /N BROWT 2 J2 40 20, R Trizol il 2 &4
RNA i J5 42 B8 3 e S5 X500 6 13 Ul B 5 8 0t
T, mRNA #i%% 5% 4 cDNA,
1.2.2.2 qRT-PCR 1A R 54

SR HZEEE # PCR R St A TR, s I 1k &
20 pL, W AR E A .95 C A% 5 ming 95 C
AP 5 5360 T K 20 5372 CHEAH 30 s; T 39 4
TEIR ;I th e o BT AR BE BB B2 R . 55~ 95 °C, FHIl
HRONAE S s B 0.5 T, LRGBS, 5K
Y5 7E CFX96 5L 98 )t 2 & PCR il £ 4t ( 35 [
Bio-RadA F]) L4y, H Y3 9 AH X 3% 15
KA 2700 AT IR, H B EE B B )F 5 L
#1,

#1519
Table 1 Sequences of primers
S Ji JPAI(5'-3)
Cypl9al  forward GTCACTACATCTCCCGA
reverse ~CTCCACACAAACTTCCAC
Esrl forward TGAAAGGCGGCATACGG
reverse ~CAAGGACAAGGCAGGGCTA
Esr2 forward ATGCTCCTGGCGACGAC
reverse CTTCCTGGCTTGCGGTAG
Gperl forward ATCCTGGTGGCTGACTCCC
reverse ~TGCGTGGTGCTTGGTGC
B-actin ~ forward GTGACGTTGACATCCGTAAAGA
reverse ~GCCGGACTCATCGTACTCC

1.2.3  Western bloting 154l AROM Fl1 ERs Bk

HUAS 2 /INER T 2 S22 40, 24 | 0 ORI e i
WA REAS . SR BCA (EIE B A i, R
P g e EAR R s RO E AN R R E
5wg/pl, AL ERER N 10 wl, HIKSMEN 0E
JREHR SR 10% , e 4 S e 2 R 5% 5 FLE 80 'V HLIK
30 min J55%4°5 120 V HLJk 60 min, SRR AL 2
PVDF i, #6525 F > 200 mA | 120 min, %% 55
JWRE WA (TBST 2% vy BL i) , = IRFE KRBT 1 he
B 4y 0 m A — BT, W B L B . AROM
(1:1000) .ERa(1:1000) .ERB (1:1000) ,GPR30
(1:250) Fll B-acin(1:1000) ,4 CHERMBF LK, &
)5 A TBST St PEAR 3 Uk, &R IR 10 min, PEE
JE AR B 12 A 5T (1 :1000) = IR 47 R &
2h, WFESEMJS A TBST VMK 3 YK, 4K 10 min,
I JE A ECL fh2 & 10 5% ;>R F Ak 2% RO Ak

1% %45 FUSION FX ( % [E VILBER 2 #) KA K% |
Image J2 2.3.0 ¥ fF i 47 2% K FEAE 43 #r. LA
B-actin iy N ST H MR AT ik,
1.2.4 g 42 gL Kl AROM F1 ERs (1)
ik

AR 4 RS B BRI R
FEERRENZE vhi (pH = 6.0) FEATHUIRIE ., 3% 11 4]
R R IR T 10 min DLK IS N IEPE S A4k
fitF ; PBS 3518 3 W, A 10% L1 =F 1135 5 P 45
B 1 hy 43505 i —$HT AROM (1 :100) . ERa
(1:1000) .ERB (1:1000) F GPR30(1 : 1000),
4 T 1, [R5 PBS A& 8 — VR R % IR vk
H PBS V& VEfE L EHL 4 1eG/ B R pric bk
(1:200),37 CWEH 1 h; PBS W UE)E M Nk 1 48
TR mEhRIC A 4% R SR FI R (1:200) 37 THER 1 h;
PBS & k5 A DAB €0, 3 FH v i B R A
T M B, L R Ry B e 1k
FR BRI 3 AN YT R, 20 59058 T Ha48 0T iz
J2 X3, K FH Image-Pro Plus 6.0 243155 H AR5+
1.3 SitFELIE

K HH SPSS 27.0 Zeit2# 5, £5A IEA 51 1)
THEEE L xxs R, SRR R T 225007 LR
[FIAERSLHIT ) M, BAnr FR B R 2R, R
Tukey-HSD #5 4% #F 77 41 9 P9 W0 LL %%, R
Spearman AH ¢4 B Wt ) BIE 5 B A5 7y R iA &1
A, Spearman MR RE(r) AT -1 51 2],
r>0 HIEAEI, r <0 ATAKE, r BILEXTE (1 1)
R, AR 5 (B] A R DG M R vy SRR 4. 2 0.9<
lr I <1, A A 2 0.7< 17 1<0.9, A i A1 56
0.4<1r1<0.7, HHEFSE;0.2<1 r 1 <0.4, J 55 A5
PE;0< 17, 1<0.2, Fp e S5 AH B ICAH M . A 46 7K
a=0.05( BU) .

2 & R

21 AEEZBRESNRTHBRENTZK

ABR KU WT g [ (A 25 3 W, P14 P21 P30,
P60 ZH/N LY ABR [ B 73 1l 24 (31.7+2.88) dB,
(28.3+2.88)dB . (23.33+2.88)dB,21.67+2.88 dB,
ARG RITHE L (F = 7.56,P<0.05),
P60 /NERIUT K T P14 P21 /N, 22 74 48 it 2F
X (P<0.05),
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22 AEEZERES/NR A1 K AROM i E
K mRNA HIRIETL

gPCR %5 i /R, AROM mRNA 7£ P7 Pl4,
P21 P30, P60 ZH /)Nl A1 H AT 6 1k 40 ) R
1.00+£0.17 ,1.34+0.20.,1.29+0.10,1.69+0.21 ,1.56 +
0.14, 2R H G4 E XL (F 0= 7.681,P<0.01);
H:rp P30 A1 P60 /N mRNA BYAHXT A H 5= T P7
N, ZERA G E L (P<0.05)

GPR30 mRNA 7t P7 P14 P21 P30 P60 £ /)l
Al FHAHXTFRIN 5354 1.00£0.24 3.22£0.60
3.01+0.42 3.22+0.53 .3.45+0.93, 2 F H G it 5
S(F (410 = 8.352,P<0.01) ,

ERa mRNA 7E P7 P14 P21 P30, P60 4 /) i
Al FRYARNT R IR 435 h 1.00+£0.10,1.57+0.42
1.51£0.19.1.98+0.15.1.17+0.26, 2 S H G it¥ 5=
SL(F 410 = 6.865,P<0.01) , P30 /Nl mRNA [
Xk E T PT R P60 /N, 2R A Gt X
(P<0.05)

ERB mRNA 7E P7 P14 P21 P30, P60 41/ i
Al AN R IR 435 h 1.00+0.21.,2.94+0.55
2.73+0.56.2.95+0.34 3.44+0.69, 2% FH G it =
S(F 4 10= 10.59,P<0.01) ,

23 AEEERES/NR A1 K AROM il E
ZHEEANFRIEKFETK

Western blot 253 g 75 | AROM & [17E P7 P14,
P21 P30 P60 ZH/IN Bl A1 H A ek 845 0.29 +
0.02.0.36+0.03 ,0.75+0.03 ,0.95+0.08 . 1.03+0.09,
A G2 X (F )= 98.26,P<0.01) .

MEWR 52 1K GPR30 & 1 7E P7 P14 P21 P30,
P60 /N A1 HR RIS 8530128 0.14+0.02 ,0.13+
0.02.0.39+0.02,0.50+0.08 .3.70+0.11, ZFH 551t
SEREL(F 1) = 14.97,P<0.01) ; HAE P60 /NI 3K
K P30 3 7 4%, 22 RA G L (P<0.01)

ERa FHHTE P7.P14 P21 P30 P60 £H/NEL Al
AR IR 43 9 0.08£0.02,0.33+0.10,0.68 +
0.16,1.22+0.13.,0.64+0.26, 2R A G it ¥ 2 X
(F410)= 88.22,P<0.01) ; HeAE P30 /) Bl R IK K F
i, 5 P21 Fl P60 AH Ltk 22 S5 A7 Gi it L (P<
0.05) .

ERB EHAE P7 P14 P21 P30 P60 21/ Al
HZE A7 98 0.65+0.06,0.95+0.05,1.09 +
0.06.1.10+£0.10,1.19+0.07, Z A G it ¥ &E X
(F4 0= 13.42,P<0.01) ;P14 /NERAY KA K F

T P7, R A G FE XL (P<0.01) , WHE 1,

P7 P14 P21 P30 P60

AROM

— l

Seew

GPR30

ERa

ERB

B-actin

- - - a9 -

Bl 1 AROM K M i#% % 3% & (GPR30,ERa ERB) & H7E R
) % B B BOHEE /N AT YRR
Figure I AROM and ERs ( GPR30 ,ERa,ERB) protein ex-
pression in male murine Al across developmental
stages

24 AEEERES/MNR AL ) AROM FlE#HE
ZheEANLEEER

B e AUk 22 e B 25 1 /R, AROM 2K 4 78
P7 P21 Fll P60 4 /N A1 H S 2 5 2% B (8 40 ) A
0.05+0.01.0.09+0.01 F1 0.13+0.01, 2 54 G5 it
BEL(F 4 =55.79,P<0.01)

GPR30 & 7E P7 P21 F1 P60 4/ Al Hi3F
P B AH X Ze 3k & 43 5 A 0.07+£0.01,0.14 +
0.02 1 0.16+0.00, 254 Gt 22 T L (F, ¢, = 40.60,
P<0.01),

ERa #HHTE P7 P21 F1 P60 H/NEL A1 HSF1Y
SEBEREE 43 5K 0.11+£0.02.,0.26+0.03 1 0.22 +
0.00, ZRA G2 L (F 4= 21.13,P<0.01)

ERB fHEH7E P7 P21 F1 P60 41/ A1 hF-3%
HeBEBEAE 23 3 M 0.06+0.00.,0.08 £0.00 F1 0.09 +
0.00, 257 A GEitF B X (F,q = 14.60,P<0.01),
L2,

25 INRIWAZTHRS A1 B AROM K i & Z ik
RIEWEX MR

Spearman #H5¢ 71/ BRUT U7 R {H5 AROM K&
WEF R 21K mRNA (19 & & 3Rk 28 {0 AH S 1 45
2R, Al ' AROM 5 ifEi# % 32 14 ( GPR30 \ERB) 1Y
KB RIS G0 B & E AR LA
P, HA R B r, 4358 -0.75(P<0.05) . —-0.64
(P<0.05) #1-0.72( P<0.05) ; ERa A K & 251
5507 S S A9 K& T AR AL TC LR R AR S (r, = -0.23
,P>0.05) , WKl 3,
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Figure 2 AROM and ERs immunohistochemistry in male murine Al across developmental stages
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C D r=-0.72
r=-0.23 150~ P<0.05
100~ P>0.05
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100 -
9 " g
@ 50t X
K & 50}
& 2
<
0 T T T T 1 0 1
0.5 1.0 1.5 2.0 2.5 5
ERa mRNAMIN A& solL ERP mRNAAHXS Fe ik
-50L -

K3 b/ ABR BIME S Al ) AROM M MEE 32K mRNA k5 F635 548 P23 BIS 18] K Spearman £8 PR AR 540 #F

A. AROM; B: GPR30; C: ERa; D: ERB

Figure 3 Correlation analysis ( Spearman) of developmental changes in ABR thresholds versus AROM and ERs mRNA expression

in male mouse Al cortex
A: AROM; B: GPR30; C; ERa; D: ERB
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WFFE B, Z R 1L B2 /K S 15 W 8 o B 25 U1 A
ST (EME 2R v A AR T i ) D T Y
RORIFANEAR T $R R BRAE 2R 28 G0 ok IR 0 e 38 R
A, AT BEIRAFAE T A S A Jr S R A AL, A A
T2 A 0 K R 8, AROML [ G RE 7 Jigi P4 Jm) 3468
B MR Rt 55 20 W sk [ 4300 1) O 2OKG A
P 2 T RE N & % e WP, MEERF I R,
AROM 7E N il |V By 55 224 i X (1) 258 5 90 I 3
(R 2 5 S, 1 5k S iR X Kk & VA 562
SR, AROM 7EWT 58 A Al 1Y R BB 0 R 5
ERs [P R HLE] A AR B AR, G 0F
FEIRIE WAEBh ) A1 T AFAE AROM R 34510
KT H I T WU 20 T ERs B F k02L& —
e i = I N = ) IR A A 1B W E e
WY AR RS R T /MR AL AROM 5
ERs 7£& & & i L 8RR 0F , I 40 T H 50 )
RE LA AR DG, Shy FHLfige PR V51 O 95 3% el iy 2
T W5 PR D REER AL T T A S SR AR I

REAERFSE B, 122 T i AROM 7K V- 76 4 Uik i
WA A S R AR LT AR AR, A
Al 3% —$55E B K b ) AROM 1y £ sk B A
Foph R PE . L mRNA 5288 FUKOFBE & & 2 s,
JEA 2R 45 Bl B8 AROM BH M 248 it 5004 Az Y (5,3
FERE BTt OB S AR, A1 HF AROM (13
KRR R F Y, 5 ERIE A S 2,
X PRI B JZ AT BEAF 7 DX JH A A X 9
(RS R TR L, AR 5E 38 & B, AROM ik i
SWEaE KA KRB S O B[R] A5 A T g
BFEGMR, 2R A1 IR P R M A R h
RS LEssi , /N RTS8 h RE A & 2B 5 & b B

HEEH,

REA:AF 75 2 B, GPR30 7 AT sl 9 i P9 4 it
o R LA IX R )Tz Rk R &
L, TEWT I3 A B GBI (P14) ,GPR30 Rk 3% |
W RS R R KO, 5 IR AR — 2, R
HATie2 5Wr st thRe g iy R R L e

ERP T UF 52 ] o I8 45 B2 )2 47 )2 M &otit
#'* J& TRKB/BDNF {5 5 i % & # # 28 £ 3 1
FAEST ABHAEWT 58 T 6E K& A BAR ML A 75 2E—
5T, AW R IR, Al X ERB WY ik Y
GPR30 AHAL, — & ¥ 5 W 7 9 2 10 2 0 OC  $27
BT REE A P E 2 AL S 506 & B IR

AMFSE LI, ERa 1 R WA BEAT (] (P30)
KT GPR30 1 ERB(P60) , H.5 Wt 7 [ {4 TG i & AH
X, A5 RS Wilson S5 E 19 5 & F B ERa Al
ERB ZREIRMBE — Y SRR AR MM E 2
PR R A] e LMASE B 507 XS S5 X L & ik
R

AR FAFAE— 22 SR BR 1 - (D 1 A T A 581 i V5
PEMER R B 55 4 W/ A 43 WA A R 5 T 5 DT e 7Y
FLARMLE , J5 St 5 75 0 1 3L DY m B s o/ F5
T Ik, 20 B N () 3R 32 A 5 T S T
REZ I R AR K R @ Bl A6 47 GPR30 11 ERB
FIRESEA T AL WToe KB i FR A% O 32 14 {H oK
g b 2 TR 0 28 e ) LR I AR REAE 75 £ Bl R4
IO I > 5 AR R AT B A 4 A 400 i 78 R ) i e
B @RI K I ERa MY IABE 5 W7 g 318 JC i A
SN (U HAE W5 22 0] 56 5 300 4 5 1) TR TR A
A i SLER GG E

2R LRTIR AR WE5E NE B F A IESE , AROM
GPR30 #1 ERB 7ENT 3 £7 )2 i e 35 /K1 5 Wy 15 2
A C, B2 78 AROM-GPR30/ERR {55l ] fig
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