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Elucidation of the mechanism of how androgen receptor regulates downstream
target genes in external genitalia during sexual differentiation.
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Androgen is an essential endocrine factor for establishing sex differences
of external genitalia (ExG). This study aims to uncover the mechanisms of how androgen receptor (AR)
regulates its target genes expression by using murine embryonic EXG (eExG). Motif enrichment
analyses from AR ChIP-seq identified that Spl was a collaborative transcriptional factor of AR.
Genome-wide distribution analyses of H3K27ac, H3K4mel, and SP1 from ChlP-seq revealed a similar
pattern at AR-mediated regulatory elements in both sexes, suggesting that transcriptional competency
for AR target genes was conserved in both male and female. Moreover, Spl regulates the acetylation
of H3K27 at the enhancers of AR target genes in both sexes. Genetic manipulation of MafB and Spl
regulatory MafB enhancer elements caused incomplete male-type eExG differentiation. These findings
provide novel insight into the androgen-dependent regulatory mechanisms underlying sex
differentiation for eExG.
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1. WFERHE S YO 5

PR IVE T, SVETESR E e 4 AR AR L OV E & B BAC 5 5, WL O ESE
SE. FBNICTHERLE L O—FETH AT v Ra X7 ARIFRICRIECIE X 7t & OIEEA D%
B L, MEOHEICE S, ZNETIE, B TrdZEeS, fi7 v Fa v alEiziz7r o K
04 SRR 2 8 A W= ORI D . SVETERS DTERERIEFE ST AT v Fae s
v OEEMITFIR STV, B FIBLHIEERE 2 5 0 T /e 55 F RO b & ITHzE
DOHEEIZE D ORI TH 5, IMVEFERROIAT, M@ DO FIL CTH 2 AFEAEH (Genital
Tubercle; GT) DIEERIZHEE D, T D, B~ AD 6T TIX, RN OLDWMEINDT > Ka s
XD IRENEENICRY AETNEROEEZIEAT 5, 0 X5 REEENEZEIL, A
16.5 HH (E16.5) IZ#IOTHEIND, Fhx L, MR OMIEMRICKSIT ST Fa sy
TFNABRHESCICARAI R TH A Z & RO MafBIE 7 v a7 ARFERIZ 6T ORIIEMARIC TH
RFE SN DR RETEARICLEDRFTH D Z & &2 RH L TW5 (Suzuki et al., PVAS2014),
T Rar v 7OV ORFEIRIRIE TR EOSRMEROER & 7B,

TR UgFEK (AR) X, T Rasy (VR BPEEATHIETHRERT & LT
fE L. AHIREEAE A 7-CHtia @ B BEE T B A T O R B2 Hl#3 5, 2 E Tla, AiCARESCHL
7R EIRRE BTV & LTZAFFED 6 AR 2 & Ttk Lt 2 AR DER G ALK F- (col laborative
transcription factor) MREIE SN TWD, —f%IZ. collaborative transcription factor I%
b 2 b AERGTR E DTS ) A Z N L TR VR SRR O EIEM AT 5 2 & 2R
EBENTWD, —FH T, WEERZ ST AEMEROIA - SLIBRICE T DHERLE VZBED
collaborative transcription factor D[EIE & F DHEEEIZEH > =G ETH D,
MFFEREE 1L, AR ChIP-seq 2> B EF — 7T 21TV, AR OFEA YA FELIZ Zing—Tinger
HAER 7 Spl fE VA NOGFEEZFIE L7-, & 5IZ, Reporter assay OFATH 5 bZip BB K]
T MafB (HERURIEIZALA T) OT v Ra b ARGFRI725800E Spl HER] (R AT~ A) ©
ALEIZ IV Ifl S, — T, SPL OMBEIEHIC LV AR OREREYEMEDEIR L7z, F72, E16.5
DI GT IZBW T, AR & SPL O X L X7 ERIFHEAER DFEIEICOWTHRE LTZ, T E Tl
Fx 1T AR IZ K D MarB ORREHIENTZ O 37 FEFHERMEIL (3 UTR) 20350 ThHY, FliZe=
VNP R TCH D A[REMEA A v E L CE 72 (Matsushita et al., Endocrinology 2016),
LU D, PEEAOEBIROAETIRIC BT ED X 5 7o 2 5212 AR 2N FHOEE T 0liEE
Hlf 2 FTRE & D DINKRMBHADEE TH D, BIRENZ &1, Fex Db R N EAD ChIP-seq
R DIEMA = N —<— 27 T 5 H3K27Ac } ON H3K4mel | ZMEMESLEIZ MafB @ 3 UTR |2
BAREL Cz, 72, FERICEBWT Spl BFEA LTV e, 2 b ofERIT, MERAGRTE DS
ATEZHZ BT, Spl 23 AR DEREIEMIZ 275795 collaborative transcription factor ¢ RJHE
HERBTDLHLOTH D,

Z 2T AT, MEEORREONM SR Z T T L E LTS ) MERTZ I LT- AR (K1F
PO EAEAR TR B EER 2 B 0 & 95,

2. WO BER

ARFFEClE, AFHRAED I W TR CH 5 A5Has DA - LB BT DR T
WRAEME D& B T I ENERE 2 D\ TH RSS2 7 /LT collaborative transcription factor @
[FIE & DOBERRICE R ZE X, MERLVE VZFMRIC L DB 7285 -3 B EAE O fig i %
HIE T 5,

Foxix, WMHRYE DT v NaF ARG 72 R RIETE R O R 2 FTRE & 3 2 MHkEG 2 R Ofk
NEIZFE o 72 (Acebedo et al., Commun Biol 2019), Z @ K 9 7pifikisa =5R 2 05 L 7= T
NH, MIERBREILIIARATA ALY Ty RaF U 3E M MafB OFSFRK TS fEHER R
B RE SN AR ATV,

2T, RWFETIR, 20 X ) iR ERAR T ) AREENT A WD TN 5 Spl A% AR
DEEFIEVEIZ D L Y I HHET A0 E AT 5,

3. WDk

LRI FER A A AN T, S X TwA T A B L AT v Ra b U EEE S T OB #E
FEIIC BT DIEME(LE 2 For~—2 (H3K27ac M N H3K4mel) O enrichment IRAEICH % % B84
ChIP-qPCR fi#ATIZ L V) RHHi 95,

2.E16.5 ® 6T ZHWWTiEMA b A horv—7 (H3K27ac M ON H3K4mel) J2OF SP1 @ ChIP-seq %
179, ZHH®D ChIP-seq fENTN . AR IZ K DERBHIFEHFEIIZ T 5 8 2 N AEAOIRAE & SP1
DFEGIRRBIZ OV CTHEEDE W &2 FEfi 35,

3.E16.5 ® Ar KO #ft~ 7 2@ 6T % AT, H3K27ac & N H3K4mel @ ChIP-qPCR %47 9.,

4. TR RIEFZRKIR T~ MafB 8 BL A2 R 95 Spl #4 L7l = >~ —fEik D K~ 7 A
% CRISPR-Cas9 v AT A%&HAWTIER L, = > —f8ik a0 U728 5 138 B RS -kt



T DEHBITHOW TR %2 LI TR 2,
4. WFIEERH

AWFFEOZITIZE V. D) EERGEFEOIMVEFRERIZIB VT, Spl 23 H3K27 O 7 2 F bz L
T AR OHEGIEVEZ G2 2 & 2)AR fEATEIZ 1T D HEFERY 72 H3K27ac, H3K4mel, SP1 @
ChIP-seq DY 7 F & — b~ v TN LTS R., MO TR 2RO ehoT22 &
M6 AR FERIEAR T O FE BLH AR 23 ME-E L@ (PR AF S T2 2 & | 3)Spl 12 K D H3K2T7ac il
WIRES A2 KA ST MafB =Y — ) w7 77 b (eK0) 2 W =R BTN, 70 R
AR RIETE RS L E S T2 8 L0, AR V7 K B ilis s B2 Spl
WZEDHIK2T OT EFIALNEETHDHZ BRGNS T,

DL EOFERIT, EESE MR i B E 11772 o 7= (Kajioka et al., PVMAS 2021),

D) M= ROB R DO MEFESIZ 35N T, Spl 13 H3K27 O 7 & F L b Z 4 LT AR DHEE-FEM: % I 4#
T 5,

Spl 2% AR DHREIEMEZFIE T D A D= AL EALNETHRL, B4 DY T AGTIZI AT~
AN BAE L, 24 RERRRIZY > V& B L, ChIP 21T/~ 7, #5472 DNA Wi i %2 & &
M LT- & 2 A, MafBDOFRBEZHE T B~ —fEIRIC 31T 5 H3K27ac @ enrichment 73
ATA A TBNETHZ L THEIN TV, —J7 T, H3Kdmel ® enrichment {2574 5 FH
EHRITRD D2 oTe, Fo, MafBOFHIRHT ., AR OIEHEIR T CTd D Fkbps D=~y
H—fEIkIZ 351 B H3K27ac @D enrichment 7 L7z & 2 A, MarBRIERIZI AT~ A 2 AT K
DEHEIN TV, B REXZLIT, SATVA U AT X D HK2T 72 FUbIs 53 B HES)
RITMEREIGBRICHEGR SN Z D AR ORERBE FRBHIEIC T 57 > Ra 7 VInE T
Spl (Z& D H3K27T OT & F W bE N L CHEEIBICRF SN A D= AL THD Z L OVURIE X
nic,

2) 7 Rl X5 AR BERR AR T DR GG A LB | THERE TR AF S LTV 5,

HHRR R ER R ZEME LT s 7 o R a7 N K D MafB=e Fkbps DIBRFFEICIL, MifEd:
BIZ LT —8RICEIT D Spl 24 L7z H3K27T T2 F /bR EETHH Z & 2L
L LTX 7, &IT, MafB <2 Fkbpb O Zx7¢ 653, AR fEAFEIRIC 31T B H3K27ac, H3K4mel, SP1 ™
enrichment IREEZMEBAVIZEEM T 2720, 26 D ChIP-seq N HELNT-ZNEFNh DL 7 I
STt — M~y P 2T o, FORKE. AR FEEEIZIBW T, H3Kdmel 128 LT
H3K27ac D73 SP1 & DIRBEIZ WV IEDAREMEN H B Z E N LN E R oT2, BT, BE—F<
v FNCRDT ) BT A RIfENTN G H3K27ac, H3K4mel, SP1 OMRFEIZMEIZ K 520370 b v/
Mole, ZIHDIZ LD, ARFEGIEIRICE T 1ML e X b AEARICIT AR (2 K D IEIKG 72
A= RBPIFET D Z LR ST, 2T, Ar KO fff~ ™7 20 GT % AV 7= H3K27ac KX
H3K4mel @ ChIP-qPCR fEAT 24772 > 7= 58, MafB &KX Fkbps D= 2~ —HEIIC B TIETE
fke X hr~w—27 R enrich LTWz, 2B DOHTHERN G, 72 Ru il X5 AR ERER
THRBLFEIZ KT DR BRI T CIRTF SN CW e Z LN E 7o T,

3)Spl OHIET 2 MafB =/~ Y — ISR R IERICEE TH 5,

kS R R A IS LT-fEMT 72 E a5 Spl Sk A R UAERi A/ LT AR OEEBIEM: 2 HI49 %
TEEHALNE LTEER, ERRICT v Fa A AR RS EHRIENC 5 2 5 B IT R Th
%o MafBli%, AR OEBN 2 FitEE T THY . B>, KO T2 LM~ 7 AR AIERE 2K
TAHEREMAE TS (Suzuki et al., PVAS 2014), =2 C. MafBOREBFIHEZET L ETHZ
LT, T v Ra b ARG e A SR DM BIZ 52 % Spl D H3K27ac il fH1 Ak 0> 4 A B
HINCT A, ZOBMEERT AH7-DIT, CRISPR-Cas9 #* ) AFEEFMT A BN L, H3K27ac Bk
D MafB x>~ —fElk (37 UTR) ZKIBEET-~U A (MafB eK0) ZAVERL L7, MafB eKO D
M~ 7 AR TC, AMVEFERR DB 23R 5 Z LIE o 1=, — 5 C. MafB+/GFP (MafB+/-)
<7 AL OHT BRI X VERL L= MafB eKO/-H~ 7 AD 6T 1%, MafB KO THD LN DITE
DORBIBIELE X 72> T2, RERREROIREFERE 2 LT e, MafB OB, K, Z£D
FEBHIHENC R 5 AMETERR DOVEZETE AL 2 BT L & LTRSS 5. AR ORERE G F-I26 T 5k
BIEMALIZIZ SpL 12 X B H3K2T DT v FNALNEE TH D Z & NRB I N,
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Androgen receptor (AR) transcriptional activities are regulated by Spl during sexual differentiation of external genitalia.
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