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H AN D PCOS IZiEVy, oA T LH MUiEZ T REBGR & GUR TR BT 2% AT
T MR O B INA B LT, RERDT v MET ZIBUN T, A4 (around puberty)  LH /¥
JVABEEDORIIME R THEICETD NKB, Kiss] mRNA L~LOHEIL A ST, B
PCOS (23T LH /S /VABHEE B MBS TG, B IR INC L 52 FERuIp L Z b
FARTFU/LH R TE ORI RIEISND, £o, @7 U Ralr s (T Ral U igdE) L A
7' F 2 /LH G EEIT OV TR, fl1iZt . DHEA (Dehydroepiandrosterone) £ 5-€7 /L0, 72K
a7 NS AN D EBE L E T DT a2 — R ER R 5T VLB O THORGES T
TW5,

W ERICBN T, TR U IRGEICLD HPG i3, PCOS BEEBAICRH4 5L
DRSSV TETCWDAY, PCOS DIRIKNZDE, 7o Ra 43T HEN S 72 D) H DT AR D
ZACDIFETRDINDFEFRIL T TR, B FEBRCERIRIF SO T — 2% b L2, 7o Rl U igiEs
PCOS DJFIED BIHIZ DWW TE L=,
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RIBFRRE X EE
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FTONTEBIZBITDTARRT 4LV a7 2= (Gpa2) BREHMIDOFE

O% wHge | gk #f 12
VAR R BT SRR
2RI AR R

2002 4|2 Nakabayashi 51280, BN FEE(ADS LH, FSH, TSH @ o %7 2=y k& g 7 2=vh
WZHEIL 78T LS X7 | glycoprotein subunit alpha2 (Gpa2) & glycoprotein subunit beta5
(Gpb5) 3% BLENT=, Gpa2 & Gpb5 (T AWNCA~TrE f~—%TE L., TSH Z &IRITH AL TH
AR T R E T DR GRO BT EN D thyrostimulin (AT AT 4 LY ) L4 FF
BTz, PR E LY Gpa2 & Gpbs 1X[Fl— DM CREAINAEMESIL TV, 20D
BOWFETRZRLMEDHTEY, BBAIRIZIZSZVL TRV, 22T, ABFETIX in situ
hybridization {£% VT, 7> FEIKTO Gpa2 FEIMIA LR ETHZ L HNELTz, 7y T
& ¢cDNA 715 digoxigenin 73/ L7- RNA Fo—7Z/ERIL ., D FEAEL A T in situ
hybridization #1772, Gpa2 G PEAIIZRTEED A CHERS Sz, IRIZ, T ERFTEER/LE
BRI OVENR RO~ —h—2FD S100p > /37 DO EHRRLFIC XD, Gpa2 1318
SRR CHRBLL TWDIEN Do T2, Fiz2, S100p #2737/ T GFP 3B 5385 &7
v FIOVT R ERFTHED S100 BaMEla s farEfias 1y —2—To L, U7 /vZ 12 PCR
BICEY Gpa2 FBL&EZ E&T HE, S100 FEIEMAL CRERI THLZ LN MDD LINTZ, —T7,
Gpb5 FEHLEITEHOHOMIS B TH LR LL T Thortz, SHIZ, METITMEEGICEY Gpa2
DRBLEDOEENALNT, T2 T, IVEAH (OVX) & OVX+Z= ARy (By) 5.7y hChik
L72EZ A, Gpa2 FHLEIT OVXHE, THLJEA Lz, L EDORER LY, Gpa2 1T 2 M ¢
B, MR AZKD BT SO EN 37 o7, Gpa2 1X Gpbs &~T A~ —%E Bk
FHZ AL VERSREIC B L= 7= 7 AR B RE A T D T MBS LT,
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=R T FER TEICR T TR BEANT F =2 —u O JIERRT

OMTRK | AR 2, WA 2 0, E R EK !
RO R R OR

SRR [

VELRSE BRAEE

U FITAERIC RS, AP AAGHT LD VEU BB AEFT22E0 AR ThD, LonL, i
FTYFTFOBE K (FRE) CEAEFICAT 5T FR=a—a O RIEICET 55 A
DR, F2T AL, =AU TR W TR IR~ — 1 —Th D7 a4 AT /)L F
¥ (POMC) , ==2—a X7 FRY (NPY) IZH %, Vv Faba s fiiiAs /L2 (CRH), BUIR ARFIEL
FVE I AREATRH) DN JRTE% in situ hybridization 35 CRE LTz, O E, POMC
& NPY [TIEHFEEEIZ, CRH IFARSRATEF, TRH 1XFEADEE GRIK T (2R BIL Tz, SBIT,
=R X CRE LI 2O L 2 3R (RDS B, KET 5) &Y GHRH O JJ{EZFi~T=&
ZA,RDS BTV SRR E D | KET BUA3FE A% (R P ()) . GHRH 723 P d k% (1R
PR FERIEAN (ZF BT 22 EnvonoTz, IRIT, IEFFRERIZHEBIL Tz RDS BIZ LU 2 284K
POMC. NPY O JFEATIRD7- | A=k L7~ short hairpin DNA % B\ =B mRNA #
HyETdH 5 in situ hybridization chain reaction Z W C ZEBYEA L=, FOFE . ZNHO L FE
IEALILVT, RDS MLV BRI R IR IZ8H D NPY, POMC LIS D =2 —a CHRBLTHZE
Wbiolz, L EDOFERIZEY, U0 RN EHRRERICFET 52, ZOEHFICERZH
#i9% CRH X° TRH ==2—B> NFEfET DI e b7z, At IEHFFERIZRTES S RDS #l7
VISR IRE BT D= a—a L O ECHPREE Z T 7T FOERLAN 2 AT OB
ZEABINZL TV,
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TFXOMICREB TS C BFNYLFRRTFR(CNP) D RJTEMENTE in situ
hybridization chain reaction (HCR)YEIZ LA MREE

OFa kA ' EMFERS * SR !
PHRFRRFR SR BT IR
PHORRT:

F R LR RARTFR 773V —I%, ANP, BNP, CNP THERR S5, DO WS VAR iz
1795 ANP+BNP L3570 MIZFEFR4 5 CNP OREREIT 703> TR, LB ICIE(ET % CNP
I CNP4 O 1 FEE CTHDHA, W EAIEICIE 4 FEHHO CNP(CNPL-4) (214, SRR T
BRIELTZ CNP4b 2MFAETHIENDN-> TS, ZOXHZ CNP /T3 A TEERLL.,
FABICBWTEEREREZ AL CWDEE 2 D, AIFFED B IYIE, N i 0 k% H
WTHHEEMWICH1T D CNP DEIZALINI$52LTHD, £ T, in situ hybridization (ISH)
5% FAVTY 7% CNP (CNP1,3,4,4b) D~ > 7 Z AL . CNP DRERE T A27R 7072, € D Fe.
CNP1 & CNP4 [ FITHFEFTEF, CNP3 1 T HMARYIES, CNP4b [FIEREICRBIL T, Lo,
CNP1& CNPATFE B ATAS, CNP4 & CNP4b (X X714 F REFIDEELL TWDZENE, BEFD
ISH {ELISNDIRGED BT D, & Z THEWVEIEANTE Y DNA 7o —7 - E T WD 28T,
e BT B OmMRNA %[RRI Ye 8 n]HE72 ISH chain reaction YEDMENL 7Tz, T DHE R,
CNP1 & CNP4 [IHLZZRTEFOBIOFREAILIZ, CNP4 & CNP4b |3 SR AT S AE R N E R
BLLTHY, ISH {EOFEREMFETEIz, E6IC, FFFEEDOTIR P T2 F NI LFIJRATTFR
ZRROR~ 7 DFERDE CNP ZHF IR TIHD NPR-B DMK T BRI CODIENDH
ST, ZOZENOLRFRATEFIZHEBLTSH CNPLA IR FEICRTET S NPR-B IZHE AL, K T
H OB EZFHEIL QD ATREMEAVRIB ST,
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AR 2 TIZRBITS GPR68(OGRD) KRBT FT7 49 2D IFEGKITEIRRNT

OSZJE B, A FHE e
PITRRETE KRB RIEMETERE AR A A
IR R NI ZERT

()

ANEE R E DA AR FEI/EA L, FERAKERIE NS ORNE SR AAR L, DA
BROMED EF-ORIRET ATE = OB DR EZGIEEI T, TNHLDIREIL, ik
B R FEESNTZFEBH RS EEZBNTWS, 7ubr &% GPCR © —fTh5H
GPR68(OGRDZRIE T D~V AL, REFATEINZEL TODHIENRRESNTND,

(B HY)

AR AGAE TIZEITH GPRE68 KB T T 7 4w a2 DR LZRRATEND T4 81U T, GPR68 231
(BRI AL, RUARTTENC R G- L WD DN EINEILNZT 5,

(FiE)

BEMH O —HAE 727 7V TESL LT D H VO KAE(15X15X 14(em)IZ, GPR68 KIEETZ
Tavya, FEBARCT IT o 2k — LT 0D, & & B CTOMEKITEZ —E R
FALVa—F—TREL, ZO%RNT XTIV TN 2T % AWl TE A S b L7z,

AR ZFRFEL T, (1) B E L CTB T T 00 2D R D LI S5 E o £ 5
(2) Rz & LT isolation housing Z{&# F L7=,

(FE )

GPR68 KIAET T77 v ald, BAMEIT R T8 A R LT, TbbRBEETT7 v a
TlE, RERTLIZKF LT erratic behavior OAEFEENEEINL T2, F72 (1) BufifiigE (2) A28 H|
WML TITEF AR L GPR68 RIAET 77 1L 2 DI TEIRERD 2203 B2 5 FTREME DS RIB S 472,

(B52)

GPR68 D ALARATEI~D B G0 AL ZIRIES LT D ATREME S R ST, v D AL L
LCETIT7 40 2 DROBEEITHEATHDHZED D, OGRL DIEMAN =X LDIRHTIZ~T AT
MZTETI7 4o ab T 5Z01F, AHTHLLDOEEZ NS,
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TR MG EEGTFOR RUERIEDHES

OfEwE /5 1L OB+ 2. Marty K.S.Wong', &5 ' HEKR!
VISR R TR Bt st
PR RS AEIRE R

UFXOMIERITITFmRHY, REITEBERT 5L, TH, R, TR ERE R EEOEREZ 5| &
BT ZERFHI TS, LL, ZOBEAC/EHBETFIZ 00> Ty, Fexld=Frvr
X )LT —HR—RERHE L, VX MG OIS 728 LT, AR T, FEEE
T ORYIEHRE TS O MFHEO SR/ O—=0 75T, MiE w4 e A 95 T8 gde %
RT-PCR & in situ hybridization Z VW CRIE LT, ZOFEE, 77X Mg 2 3HEE 116KDa D&
NIETHY, IO BIEBLT DI LN DT, 53RN ClE, v X HEZ ORE Ly
737 SE-Cephalotoxin-like” LRSIV TWVDD T, U FF LIS D —E OB HF-CHCE f o,
FHEENM I OB T-DMFAET DL DT, RIS, B2 oy - Bk T D (T F 7
T L) «AF 2 F37 2 (DEAE 7172 & AW TIED G L1 73 O A R 2 7o, ZORE R #HEE
FHARXD 116KDa [ZIEWVKESDOZ B OSBRI EIL, £ 7.5 ml DIMAEDHHK) 2.7 mg D
B GEREM T2, ZOREME VB EE BN LI A FlECCIRIE L i &5 1
DOFFRE TG Th o1z, FTo, TIEFEBRTIEH D0, ~7 A% W TR E 7> T 5, k-
FLORERY T X FA 100 ug IERENEE G544 2 %I F RIS ZY | 22 Refithlc =K
AL IR T2, SO, in vitro T T AD 8 OUGHENE I 2T ~T2L 2A Y F- #1350 /)
R EIREE 3 D283 0o T, A XSGR 2 VO LD 5 0 3 oo
SN T ZEE BERL ., A b DRI fE 27 A TV D,
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FVEVUBIOBW VS FANTEMRITT Fhr o5 E x5 5

OFIE: (ER', 4 ERIT . Il xS B PO R IR S
LR KB T M B R Y KR 0B

bORILRFRRE R ATIR AR

P ILKEERER MR AT - G - IR RBIPRRE

F L& TR R T OMEIR L EECEEITEIOFREH A DTV D23, %@%EW
NI ES 2 & TR IC BRI L TR Y, A L& U U 3NousR OB IA < 8
5o FFaITINETICTFEE BWP AT AB XU ELEFN I R e v 40w

MZEE L TWAZ e aHRELTE, T CAREEAIIv VAT Rha—7 LAT2
w%%wf FUXRTUNTERETF R Er BRI E 2 558 % BIP & 7 FLR0kiEE
BT & OB %Ebf@ﬁbto%@ﬁ% LB T2 MM A L % 2 52 454K OXIR - OX2R
DFBLEFRO, GnRH IEFAE FICBWTA LT v A fIIC L v BEKRFEHEICTF ey
V%ﬁ@iﬂ%mwtoitGmHﬁE IZFBWTIE GnRH I L Y B LT R hr
VU DORBLE A LR AN EICHEIT S ZERHALNE o7, 51T, GnRH X 0XIR -
OX2R DFBL ARSI D —FH T, ALF T2 AL GnRH ZBIROFEHEZMH Li=Z L,
FLF 0 AL R ZREERORBLZ KT 52 LI > TORHAE FOTF R hr ey
FHZH L TW D AREMENRIB I N, F4 L F T2 A & GnRHIFW TS REEHER T
Bmall « Clock mRNA DFELAZ LR IE D Z ERH LN E -T2, WIZHLF >, BIP 7
T B L ORI T OBRIC OV THRET 21T > 72, BMP-6/-15 % OXIR - 0X2R DFEHLIS L
OHEEHE T ORME BH &8, &5, AL F3 2 AL BIP Z K ALK-2/BMPRIT D&
BUEGR A I LC, BWP RS 70 @ Smadl/5/9 V UL Z R S5 Z E R S L e
o>, LEXY, ~U 2T F F hr—7flZis0nT, x> 03 GnRHEH I KOV
K BMP > AT A EMAIZHELE 5 2720036, RbEis o2 LTI Rhrero
FHAHE L TWDLZ BN ERST,
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71 C BIF MU LFRRTF R (CNP) D BIBENT EZ BEHN~ B 7z K
BETIRSEE A

OFnRANER ' HIFERE °, Marty K.S. Wong!, R !
PHOBRT: KRB A FERY
VEIRRY: Tar T4 TR et 2 —

FRIT LFRATFR (NP I OIE CHRBLL | £ TR < ANP-BNP &, i CTHBLT 5 CNPIZ
SFESND, Lol FHEBMWIZ 31T CNP O HRBERE X3 JLLLK 30 ELL E R CTh D, FLE
L BEEAEICIBU T CNP A F 3 A%{E L, 4 DD CNP 431 (CNP1-4) AMREFESIHTWNAHI LI
HIRRABE, 2 AT CNP OHHEREZ - T D, T, FAZIL=FRr v ¥
CNP1,3,4 DAfLIZ CNP4 (/3717 (CNP4b) 3 FEBLL TWHZEZBABNIZL TS, LinL, Zih
D 4T CNP 53 F 03T FID DRIPRART FRZ SR (NPRUIZE D IDITHEH L TOD2N IR TH
%, 2T, ANP X2 BNP O &R (NPR-A) & CNP 2K (NPR-B) 2 CHO HHfZIZ RIS,
cGMP PEABERFTHT=, TOFER, CNPs 1% NPR-A (Z%9°% cGMP FEAREHMEV 23, NPR-B (2
XL TIE CNPA4b>1>>3 DIAT cGMP FEAREN HDHTEMN N7, IRIT, in situ hybridization
EERWTUFTERMICITH NPR-A, B DRITEL VT 70 A% 5 (NPR-C, -D) O J{TEA R~
7o TOFER, 4 FFHD NPRs 2R T ECHRBATEHCRTEL Tz, ZhBOEMLIZIE CNPL
04 NFBLLTEY, CNP & NPR-B OAHAAEH (paracrine) 3dh 5 ZEMRBS LI, £, =3
AT — RGN ORS00 SR BB X i I B P & R EME T AT LB L 725
Too L EDZEMNS | BRI BLL T ey ANP X2 BNP i H 62 NSO ENIC/ER 32
(endocrine) RIRETEZNHYD | NP 77U — 3R T - T F AR AN & AR A Ol 7 s BAEH 35
TFRANVETHLAREMED RIR S,
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TEAMEEERSFOERDH (3)
TEARILEVELERE (3)
TEARKRILED L 4ENE - EiE (3)
TEARLERRK (4)

TEARB IV EOHERRICERLGHAREFE (5)
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FoNTHEREFEM O CDI BEMRIIRTE~BEIT5

O P52 KR8 ' BRI BF 2 RS, o 80, & A S RAJIEESE ' ek A
6) AR PREESHS MR - A 7 i

7) MR)IIRE: BEEEED AR

8) HURKZT Y AEWoBR

9) RN BESED MR AR

10) FULEEER KT AL RRe

T IEARTEEIZIL, Marginal Cell Layer (MCL) &) FIEEL R 3E I ZBE DT My OB TRV 25— )@
DOHIBSED B D, MCLIZIE S100 B &2/ 7B LT[R - SOX2 258195 (S100 B /SOX2 Bitk)
R MFAEL . AR IR E B 2 B QD Tk 13, Ty FEEEO RIE[IEFTIEM MCL
@ S100 B /SOX2 [GEHIIRNME S L /37 CD9 238452 & L=, £ LT, FEEHl MCL
D CD9 FEPEMMAEAS, FHEELRTEELOREFH Y (Cell bridge) R8I L, AISED R /VE L FEAE ML
KB ATREMEZ A L, LosL, FEERI MCL @ CD9 BEMEHIFEAN D E DL BiTEE~
BEI T 200 ARSI RUFE T, BEIAD =X M O & LT a0 B2
28GR - SLUG LR EhE 32 DM E 8 T o7 7 A/ 3— IR T 7T (F-actin) DR TR
BB EAT T2, TDFER, Cell bridge 28T, CD9 BEME#IIIE SLUG & O F-actin B TH
HZEBHGINETR ST, F2, S100 B DT BT —H —FEIRIC GFP B8 A M AAATE N A =
=v277vh(S100 B-GFP k) O FEAPHZRIELH AT ORiELER GO a7 —7
TN TEBEREREZITHOZET, GFP BYEMAS B AR O RTEENICBIER SN, ST, FIEH)
MCL @ CD9 B Tl 737/ tetraspanin 1 (TSPAND)ZSNE B HZ L% R L., in vitro
IZBWTZDOFR B 2T 5L CDI Bt OB & MK T Uiz, L EOREFRIE, T EEM MCL 0
CD9 B PEAMAR S AT HE D AR IR DR EIZ A L, TN Ol FEIEA Bz | TR OBV TS
PEAFIHR > TOD L2 KR ALE 2 TV,
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TN AEAF T EBEIZBIT 2B R 2R MR~ — A —43 FAldolase COFEIIR

OHEFN 'R BE i B 2, R O RIED AR ORER M 1 Ol #F 2
PARSRIREE B AR R

PRI KRR BEEARSERY

PARR)IIRTE R A B EIIERT

BTRERIRYE RS MRS A AR

TR SRR A S PRI EE CIRIE 3572 Tk 2 72~ — I — oy T S Cng, 2oH T
H. S100 B Z L/ 7 EHIXT v N B Ok 4 IR I T Al 2R O~ — 21— 5 F-E LU THW
HINTND, Ty MW T FIRIRFTEEDS100 B 22 7 I3RS L7 CAE%X 108 (P10) 5
BtiEaL, 20BN 2 (Soji, et. al., 1994), D72, PLIOLARTO I I IR A1 38 78
WEE T TR TN TE P IEIRE RO T A | AEZ 4592 T, LORBMAELT
ORI E R TED~— D= T RUETH T, Fll, Fox (3RPEREFE O —>TH
SAldolase C7A3, AT v MR =D AIZIB T DI RMIL D~ —H— 53 LU TR T&Enz e
ZE L7z (Fujiwara, et. al., 2020), & Z CAMFETIL, 7 M IV TAldolase CASHT AT T
FEARATIEOJE N R TR DM ENEMRGE LT, SRR L2 XY, S100 B #2308
Bt EBOGIEPS DRI TIRFEAE BT, BEMIZ—E L PLOD R TR S vz, — 77,
Aldolase CIZP0, P5, PIODFIHE CIHMERIS MRS, SHIT, B BB LYPSO TR
ATEELI BRI IE A 2 A AR O R T DIA IR R Z T A3 2 SRR R AR S FAE LT, S 7B
BAMEBIIZ LY Aldolase CREE G ATEIRA TR 9~ 5 BEEURI M CRERESAVT=03 , BERLlAe
TIIHEREN 2D T, LA EOFE B | Aldolase CIEBTEAF ORI ZRAMIL 1 H T& b~ —
=L THRIHTELZ DB 2T,
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I<bF7F-a(SL-a) BEOY~<hF7F-b(SL-b) BIaFO_EXREYTIT74
v aDIEHEZE DR (SR R) O#E

ONBE ff=' P Ffy '\ AEF #2302 T ek Al 1EF
DRI RFEE BLLSERIER AL AR

PR NIRRT Bk

V2RI F o (SLIE ERNVEL /T 0T F 77 —IZBLTEY, 25 7 (SL —ak
SL-B) FET 5, SL ITAEE-CNRE G, REEOMENIER T 2N HmE I s, B
TI7 4y alIM SL B FaRRTL, 7/ ARE RN S E ThOLILnn, BUEE T I77 v
22D SL OMEREMNT 2D T D, BIRE T, SL-aF/zi SL-BBIs T O XKHEIT, ik,

BE AR L MR AR R B2 2o 7o 2B Lz, LInLARASS, SL-ak SL-BEh
ZNDOEAE A KABIZIBW T SL-adb DL SL-BAMERNC/EA LI AIREMEN E 2 B, £Z T,
SL-a& SL-BEIE &L RBES W17 T7 0y o (ZERBRER) ZEH L T, R fET 2
D TND, KRETIZZE DR ZHRET D,

F7°. [ SL BB T OREB KT T RESOEELF 5720 WT BLO T HEEEEO4
F. REBIOMEEEZFNL-, 2OfME, WT, “EHEXBEEKRO2E, AR BIOMEEICEE
7RIl WIT, BRI KT T HEL T ~57-0  WT BIOZEXEMEKICB TS
BRERPOBEFHLZ, ZTOREE, WT BXO - EXREMAO ORI ER e oT,
BB, REFRENC R T REELTAL720 AN RECTRET RICFHELE. WT BLO H
RBIERDIRBARDO LA G LTz, ZORER . A R E 3R R CTRELEWTI BLUO H
KABMEROD R AR OB A B 2278 o7,

LU EOFEREY | WiSLIBE T O KIBIZAE . AR, (REaFRENTEEE 52 RN ZE D3 R
iz,
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< HAAL= VR TATRIT HIRMEE TR F DO ER D ik

OZKEEFLR ' ANBEELSFE | I IRRBE ' REFAAC 2, ek o 2L Mt !
VAEERT VAR BT E R
P BTIR NK K E R

BT RICEHEOHFICE DY TRAZEMSELIENTED, ZORAEILIFAT=
FEEEARLEL (MCH) 72 8 D ARVE L LRI IC L CREISIND, ZHETICH A 1E, =%
AD— M THHKIE =BT, WHIEIZIG U AR AN EX N E2 B
Uiz, —F5 . =T AIZEBWTHRIEZ AW TH MCH O i fhj B3 4 12 k> TE B L2
MG, 2 IADOEEAIEIZH LT, MCH 13407 &b A/ B L TEB G- L2 B 2 5
NDo AMFFETIL, ~F AL KIE=EOKREFRFREN B2 D FREZ O T 57202, T AL
RIE =R TEO B ATV TN E OO R AR IICBITHARSMAHRL I E UL
KN O MEARGETITIE 112 Lo TED IR EAEZ T O E T T, BEHIIHIE Lo~ 1
DI U7k % A BB L 7-~ T A L R IE Z AR LR R, ~ 2B RE Lo 2
BRI TITERDEELTN, KIE AL CITaRNEELWr — AR AbnT,
— 07 BEHITHIE L7 K IE = Aoz A HIZBIE LI~ I 2B 5L, o BaFiaic
BOWTERNEELZDR, KEZAICBELZM CIIBRENZEALEEL R o7, L EORE
Fix, ~ITATIIERIENIIFAET DO ORI G TR 7 O R E A IS U T kT
e FEREZATITRMER R 7-OREN <= 3L AR IR T kL7
W EEIRIET D, RIS, v T AEREZ OO L CT/ATRUFIVHDHVNEIT KLU % 8
BUERER, VT RUF AT ~TAERIE ZAELLOMI LT BRI BRI
BROBELRLIZD, TR T VAIZ IO L TOARHEIRFICBAFEROBED
BHEZ LTz, ZORRIL, RIEZAOMORAFEROTRL TV R ~T A0 Rkl
[ZHEANRTRNZ L Z2RIET D,
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SABER-FISH 1% Ve A% I T EEIZBIT DB FREDRENT

OPERR-ER . KNI
B LIRS SAANTRIRZERE = b b i e

T E EEOEZ A THDIRTZ T2<L Mx RIRSMERE TRE R U LRE &R >, Zhb
DR CHA ML BB T HOIXEHI A DT VT ER KL T — /)& e 3585
BRF AT ThHD, H 33 FOAKPEMESITTHZEIL, AX U FEMAKT in situ
hybridization((SEIWZEVEI DA TV o PRHENHZ L2 WAL, FRAS/LVE DIEHL/ 7 —
VEDWEIND | ATV R BT DR VE U EAMBAHEE LTS, L L, BE LR RO M E
35, NBT/BCIP & AW R AL TIEA TV mRNA 2R CEIMEORIE TR T&E S, T
BERFRNVE DL E ISH IZLDMIEREITIZE DR -T2,

UTAE R - B N O RS s % s i 92 3T £ LT RNAscope <P in situ hybridization
chain reaction 72E | BZBEODAE SA VTR Dk 2 22 TFIEDBAFE - RSN TWD, ZNHDTTHEIR
ENZENAARN, EBREROLEMRED R T—R—ETHY, EREOREICHOWE YL FIE
HBIRTDMERHDHEEZ HND, A EIFAEEL, 2019 4FIC Kishi HAVER LTz, 7T~ —5
Bz =89t ISH(SABER-FISH: Signal Amplification By Exchange Reaction—Fluorescent
ISHIEZE AL, AXH FRARICHEBLA D4 T L EALEL D mRNA B Z AR T, ZOFER,
ZOFEZ AW THEA AN T 4 —~< AL EMLL HERD riboprobe Z V- ISH &0 J&
LR SRR IR A4S, F7o, BEIETLOMIE TEen >72 mRNA OFERHIASATREL 7220 A
TV ERIVE DL EEE ISH IZRAILT2720  ZaRET 5,
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INERZ L R AT oA R & RO ERITBEBMRICIS W TMIE AN 225 &
et B

O AIAE ' KHEMIFN*, 1)1 LIS W — . LBHER °, KBTS T, M
fi S, AR IR

VRIS PR AL

CHURIRRIRSE JEEH BRI IEY:

TR RS RIS R

R TSI SR AR —
B TR AR

VISR IR AT DS AR — Ay
TTHERIERIERE RTINS EAE

ALK RAE R B
BIERICY R (L

AT RARBIVEL O FEF e EATBALIIMEIRE AR THLH, MR FIZHME D AT ARG
FRINTFAET D, RS TR RSN AT oA R B RS, AT uAR A RO % TR
FTRNCAE AR T 5, MEBRIBLE AT DO AT oA R B 528 T, 0B R OMSREZ KSR
FIEIL TS, L, IO S RE DMK N 328 JEER T AT AR &N T2, &
ZC, PR RE DR T DO AT RAR G HGRICE DR B b2 5T O Z2OZEAkIX
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Practical application of deep learning and object detection to molecular
pharmacology of pituitary hormone receptors

(OTaka-aki Koshimizu, Sajjaviriya Chortip and Morio Azuma
IR [ SR 5T I

Division of Molecular Pharmacology, Department of Pharmacology, Jichi Medical University

[Purpose and Background] Diverse phenotypes of our cells, tissues and organs are regulated by
hormones and receptors, including pituitary hormone-receptor systems. The size of the phenotypic
data as a consequence of the receptor activation continues to rise in an unprecedented pace in
hormonal research. How we can effectively handle a big data in basic research to create new findings
are under intensive debate. We now have additional tool to measure and analyze a large body of data
obtained from humans and animals using deep learning models. When observations by eyes and
under microscope were combined with computer vision, images and videos are excellent materials
for the deep learning-mediated analysis. [Methods] On the Ubuntu OS server equipped with
graphical processing units (GPUs), Tensorflow (TF) and PyTorch were maintained in Conda virtual
environments. Pretrained models such as Faster RCNN, SSD ResNet, and CenterNet were used for
transfer learning in TF version 1 and 2. [Results and Discussion] We trained our deep learning
models using thousands of images of 129/B6 (brown) and C57BL/6 (black) mice in clean cage with
new bedding and home cages in the natural condition. For transfer learning based on CenterNet,
RAM capacity in GPU and CPU needed at least 48 and 32 GB, respectively, independent of batch
size. After training, failure of mouse detection in 4500 images were less than 12 images (0-0.2%)
and mean Average Precision (mAP) value was 77% for the mouse detection in clean cage. Repeated
detections by the same model reproduced the same XY-coordinates of mouse locations. The results
of TF version 1 and 2 were very similar but not the same. These results indicate that established
architectures of deep learning models for object detection can be reliably applicable to evaluate
effects of drug treatment and genetic interventions on animal behavior in unbiased manner with
enough high accuracy. In an on-going trial, vision transformer architecture will be incorporated.
Example of our analysis on mother-baby relationship will be presented in a separate paper in this

meeting.

75



Evaluation of maternal response to pups by computer vision and
machine learning in V1b knockout mouse

OChortip Sajjaviriya, Morio Azuma, Hiroyoshi Tsuchiya, and Taka-aki Koshimizu
EVRERRT: BESE SR 7 3EBR

Division of Molecular Pharmacology, Department of Pharmacology, Jichi Medical University

[Background] Maternal care giving is intensive process and crucial for the survival and growth of
newborn infants. Although maternal care is widely preserved in living animals, genetic factors of
strong motivation to maintain the maternal care are not fully understood. By acting on two types of
G-protein-coupled receptors, Vla and Vb, arginine vasopressin (AVP) exerts a variety of
regulations of social behaviors, including the maternal behaviors. V1a vasopressin receptor is widely
expressed in the central nervous system, and seems to play a main role in AVP-mediated maternal
behavior regulation in rodents. In contrast, the role of V1b receptors in maternal behavior is unclear.
It was reported that blocking of V1b receptor in rodent brain affected maternal behavior. However, it
might be difficult to detect specific V1b function due to limited effect of a V1b blocker.

[Purpose] Using genetically modified mice, which specifically lack the V1b receptor gene, we
examined behavioral changes during maternal care in the lactation phase.

[Methods] Taking the advantage of behavioral computer science into account, we employed the
computer vision and deep learning to investigate a possible role of V1b receptor in pup retrieval test.

[Results and Discussion] Dam and pups were recorded in a video and their images were trained by
deep learning models. The models were then applied to a large scale of new dataset to detect objects,
in this case dam and multiple pups. Interestingly, our developed deep learning models successfully
analyzed the relationships between lactating dam and pups in wild type and gene knockout mice
during freely moving open field and pup retrieval observations. The reproducible results were
obtained by our object detection protocol; the same model repeatedly detected an object with the
same XY-coordinates. Finally, we found that this method using computer vision and deep learning
can be widely applicable to delineate complex effects of gene-deletion and drug treatment on

maternal behaviors.
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