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The mechanism of cyclic activity of GnRH neurons causing ovulation and follicle
maturation.
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The mechanisms that reduced nutritional status affects the activity of GnRH
neurons involved in reproductive regulation and CRH neurons involved in the stress response were
investigated. Food restriction to mice disrupted intracellular chloride homeostasis of CRH neurons
and weakened inhibitory GABAergic input, which increased the activity of CRH neurons and activated
the hypothalamic-pituitary-adrenal axis, thereby affecting the activity of GnRH neurons. 1 also
examined whether synchronization of GnRH neuron activity iIs a mechanism for the cyclic or pulsatile
secretion of GnRH neurons.

GABA  GnRH CRH



1. WFZEBIAE S WD 5t

IR1Z 2 2 AR TN 3 s i £ 0D St il B TR IR TS AFAE 3 D AR BRI R V£ o B
FIES(GNRH) =2 —1 2 Thod, M~ T AT 4 BIC 1 EHMNAEZ2, 2N
TN DRI NS 3 ENH = A b Y= OEHIZL Y GnRH =2 —¢H
> 725 GnRH 2 KESW S, Z ORGSR, FTERIED B BEIKTER A VE (LH) DS K& W
INDH7-DTHDH, GnRH B L O LH (F@HE SV RRITHW S 4, I, Kk
IZBH L TW5, GnRH = = — v UEHifasiny 27 < | R TEICBAE L T2 Ic b e
2B, 4 HIZ 1 EO GnRH O KESWS 1 RFRIZ 1 OV R E 5 &k 29
AN = RXLIRIFZICHL ISR TV, 50 GnRH = = — 1 > OIEEI E Y
IR 5 2 EDREEIND D, EBEOGEIZR STy, 70, FEREOKT
\Z X0 AEFESREDME T2 Z R B0, REIREOEK T2 GnRH ==2—8a >0
HEEICE (b2 72T A=A Lt bh-> Ty, GnRH == —1 X GABA =
2—a Y OflEEZIT 50, REHIXINETIZ GnRH = = —1 > Tt Cl & fifastic
< AT K-Cr#EEHEARKCC) DB ME S . MaN CIREEZ @2, Il sz
YWETH D GABA DEFAEMIC IS W T HBEMEIEN T2 LW O R OMEEZ RS
EHRHELTHEY, GnRH =2 — 1 >~ GABA AJ) % BN HINHIME ISk &+
B FBRE~ U A TIIMEEI GV, PJRIRCEIED 2 b, BUEM GABA A7
AEFHRERRIC B W CHERKE ZFFOZ L AP LN LTS, L L2 6, GABA A
TN OFEVED & IHIE~DZEAIZ LY | FRREE L~V TED LD BN v | 4
FEFSREIC B 2 RIZ LT Db > TE LT, BENE GABA AJIZL % GnRH ==
— 1 OIEENHIEN D A T = X LFBH ST T, TR FEBICFEL, A R L&
IR B % BB B E AR V| VRV U (CRH) =2 — 8 % GABA (2 X Al
WAEZITTEBY ., BEMICHD CRH = 22— 1 O TIZ GABA IZHHIMEIC, FEH
Pl DR R TlX GABA IZBEMRIZEN T2 Z L 2 HE L TV D2, REREOK
TIZX% GnRH =2 —1 X CRH = = — 1 > OIEEIMED (L ~D GABA D513
FFETD RN,

2. WFEOHK

AHWFFETIL, GnRH D REZFUWR/ IV ZARGWD A T = XL Z P DT D121,
GnRH O KBTI, 72 EAD GnRH = = — 1  OIFEN A EH L, 2L 2R3 T
[Z—H D GnRH == —r OIFENFEHTL5 2 LICkVEE WD ARetEaE 2, FF
\Z GABA WNBUEMEIC/EAT5 LW 9 GnRH =2 — 1 VA RMEICE R L TRin %
1Tolz, £z, KREREBOETICK D AFEEENER T T2 A D=L LW ENIT D
DI, BEFIRARIZEY, GnRH =2 —1 VB XN CRH =2 —r rOffifaN s 177
A FIRENZEATHZ LT, GABAEZZ{LL, GnRH =2—12 B L UCRH ==
— 0 OIFEEICEA LR A DD DRE 21T - 72,



3. WO L
AN T EA A=V TPIZEY GnRH = =2—8u »OJFBOFEE L L CHBNR L
VULDERERETSHEDIC, GnRH =2 —n > TAOAALY U AL —Th D
GCaMP6f Z3BLT 5~ ADVEK %1772, GnRH ==2—n V' CHTA(T 7% A 7
CHIEWE R T o ATEMACIN )2 R BT D GnRHATA ~ 7 A L B 7 7 F U EIGFD Fit
(2 tetO-GCaMP6f 73/ v 7 A > SFL TV 5 tetO-GCaMP6f ~ 7 A % AZHl &, GnRH-
tTA:tetO-GCaMP6f ~ 7 A A 1ERK L7=, F£72, GnRH == — 1 > ~OHEM: GABA A7)
ZHNCE L S 72D GnRH = 2 — a2 > DIEE~ DB 2 Ed % 72912, GnRH =
2 — 1 T GCaMP6f & GABA 1E 2 #1295 KCC2 2 FBLT 5~ U XD A
1T > 72, GnRH-tTA::tetO-GCaMP6f ~ 7 2 & KCC2-tetO ~ U A % AZHl X+ . GnRH-
tTA::tetOGCaMP6f::KCC2-tetO ~ U A ZAF L7z, TN H D~ T AL VIR Tz &L
TR A T A ZREARZAERR L. A BMEREZ N TN T AL A= 0 T 2T,
GABA (L XD N D AD R, BRORIN ST LD EHOGGEEITo7, £i2. K
FRBEDIK TIZ L B EFRSREIR T D A I = X LB RETT 572012, ~ 7 AR EHHI R %
AffL, GnBRH ==2—12 VB L CRH =2 — 1V DIFEI~D B2 Mat L, Sk
RO TOET LE LT, v U AIZ 60%REHH|IFRGES O 60%EDEEA 10 HH G- 2 5)
%éﬁb RE, P arFaxTor ~ORELH~e, £z, BREHIRARICEY
CRH == —r Y BIOEERIZIEH L END T 7 —F 7T R(AgRP) == —n1 >~
EMIL S D 2 & Z RSB OIEMALOFEEE & LT c-Fos DREYEZ1T 5 Z & T
WUT, BEHIRAZAM Lo~ 7 A LD FUR T Z SRR 7 4 ZEAR LR L,
TIIVVVBRANTF I T T EEH VW CCRH=2— 2V BLOGnRH =2 —1
£V GABA OFfiEf A fiek L, MIENZ 77 4 NRENZE(LTHZ LI D GABA
JEBNZ AN I IV D D~ T,

4. WFIERCR

GnRH = = — 1 U COIEB DRI OB 21T o 7e, WAV T LA A =D TIEIT K
D.GnRH = =2 —1 OIFBOFEEE L L CHBRIR IV T LD LR EZ7TET 57201
GnRH == —1 > C GCaMP6f ZFE T 5~ U A Z/ERk L, R¥ P12V o FhHik
12XV, GnRH = =2 —12 > C GCaMP6f 3L SN D Z E R CTE 72, £, [RHNE
HZ8B1T %5 GnRH = = — 1 U ~DOBEN: GABA A OKE|ZHEHT 572912, GABA
A7 % BUEVED S IIPEIC 2L 872 GnRH = = — 12 > T GCaMP6f & KCC2 % & H4
Hw AR L, ¥4 27 ) bR T, G@M%f&Kanﬁ%ﬁéhéz
LEMRTE, FRTH A2 EANERT A ZfEKEZ HWT, GABA O 5|
GnRH =2 —a  TCHNT T LAN EHTHZ L KCC2 ZRBLSHEDZ LITE D . GABA
LNV T LD EADBHBLNRL 70D 2 L MR TE 0N, BRBR ANV T LD



EREVIFHNI AT LD ERAEIZS &Y LFET D 2 L IFE L) o7, GCaMP6f
DOFRBPRGINT=O EEZ LT, v 7 ADKRE(S GnRH Cre ¥ 7 A2 AAV %
W GCaMP6f Z RS H D AT A ZEARDKIEZ B T DT2DITA T A ZMEFFD
WIRD TRRTF v o N—DEL /e EOFEZARTZN, GnRH =2 —8a > THFREH /2
Ny LD ERETRETE 57217 O GCaMP6f D+43 72388l % 2 5 J71E0D & 572 Dt
MULETH D, RERBOKTICTL Y | AJEFEREHRIENICEP D GnRH =2 —1 VB LW
AR VAGEICEDD CRH ==2—a r OMIEN Y 0 T A RIS S ikE L.
GABA IGEINEACT D MRET 2T o 7o ~ U AT 60% BEFHIR A A2 Z L2k |
KENAZICHE D L, CRH =2 —1 ¥ Tc-Fos DRBEBAD LN, MharFazxsuo
VO LERAPED b, EERFICTEEL XS AgRP = 2 — 1 v T c-Fos DFEHLHFE
Dol b, BEHIRAROFEEZHELCTE -, ZoHEEAVWC, BEERD
BRI L7 & 25, 60%RERHIRA M L7z~ 7 AD CRH =2 —1  TlL, GABA
D NAFFBEN D BB ~D 27 R 3F8 8 BT (X 1, GABA O VBN, FEHHI R L
-60.6mV, BEFHIRH Y :-51.8mV), 2D LN, BEFHIRARICEY, CRH =2 —
a2 ~OME GABA ANBGHEDLZ ERbhoTc, £->T, CRH =a2—r 2 ~0D
GABA O NATHE Y, CRH == — 1 > OIEFELEN

BED L CHETH- FRCEMAEELL, E

GnRH == —nv > OEBES ORI EE S 8 2 2
2B TSNS X DI FARRIEOIE PRI 8 40 2
BrH2Z A N=ALOSERALPCT LI ENT 8 g -ﬁ
X7-. GnRH == —1 > ® GABA OB DL g a0l o8
EEE~OFBLFBICHR TN D L ZATHL A, & N
BRI 24T o 7o 7 2 CHEIRAS IR BV 2 & 4> O

-)

5. AREHIIR AT X 0 ARRSRE RN S22l S h D b ”

FTIERN D E RN A, RO Epnae B REFRAFISLY, CRH
T | L —a1—0YDGABAD T ERLND

NDAHEMENRBZOND 2D, 5% EHEMAT 2T BB~ IR ALNT-,

TV BERD D,



8 7 0 7

Watanabe Miho Sinha Adya Saran Shinmyo Yohei Fukuda Atsuo 17

Early establishment of chloride homeostasis in CRH neurons is altered by prenatal stress 2024

leading to fetal HPA axis dysregulation

Frontiers in Molecular Neuroscience 1373337
DOl

10.3389/fnmol .2024.1373337

Nguyen Trong Dao Ishibashi Masaru Sinha Adya Saran Watanabe Miho Kato Daisuke Horiuchi 64

Hiroshi Wake Hiroaki Fukuda Atsuo

Astrocytic NKCC1 inhibits seizures by buffering CI- and antagonizing neuronal NKCC1 at 2023

GABAergic synapses

Epilepsia 3389-3403
DOl

10.1111/epi .17784

Egawa K#, Watanabe M#(#contributed equally to this work), Shiraishi H, Sato D, Takahashi Y, 13: 5685

Nishio S , Fukuda A.

Imbalanced expression of cation-chloride cotransporters as potential therapeutic target in an 2023

Angelman syndrome model mouse.

Scientific Reports 5685
DOl

10.1038/s41598-023-32376-z.

Hosoi Y, Akita T, Watanabe M, Ito T, Miyajima H, Fukuda A 15: 806798

Taurine depletion during fetal and postnatal development blunts firing responses of neocortical 2022

layer 11/111 pyramidal neurons.

Frontiers in Molecular Neuroscience

DOl
10.3389/fnmol .2022.806798.




Watanabe M, Ito T, Fukuda A

12(7): 631

Effects of taurine depletion on body weight and mouse behavior during development. 2022
Metabolites -
DOl
10.3390/metabo12070631.
Sinha AS, Wang T, Watanabe M, Hosoi Y, Sohara E, Akita T, Uchida S, Fukuda A 15: 856262
WNK3 kinase maintains neuronal excitability by reducing inwardly rectifying K+ conductance in 2022
layer V pyramidal neurons of mouse medial prefrontal cortex.
Frontiers in Molecular Neuroscience -
DOl
10.3389/fnmol .2022.856262.
Yesmin R, Watanabe M, Sinha AS, Ishibashi M, Wang T, Fukuda A 15: 990803
A subpopulation of AgRP neurons excites CRH axon terminals in median eminence led to HPA axis 2022
activation in response to food restriction.
Frontiers in Molecular Neuroscience -
DOl
10.3389/fnmol .2022.990803.
6
C GABAA 2020
20-22

DOl




18 0 4

Watanabe M, Kahle KT, Fukuda A, Shinmyo Y.

Regulated KCC2 phosphorylation is critical for dynamic GABA-mediated inhibition.

The 20th Kyungpook-Hamamatsu Joint Medical Symposium Hamamatsu Meeting

2023

Nguyen DT, Ishibashi M, Watanabe M, Sinha AS, Yesmin R and Fukuda A.

Astrocytic NKCC1 plays a pivotal role in prevention of seizures promoted by postsynaptic GABAergic excitation in epilepsy
models.

Society for Neuroscience 51st Annual Meeting

2022

Nguyen DT, Ishibashi M, Watanabe M, Sinha AS, Yesmin R and Fukuda A.

Astrocytic Na-K-Cl cotransporter typel attenuates seizures promoted by GABAergic excitation.

100

2023

Watanabe M, Kahle KT, Fukuda A.

Effects of enhanced KCC2 activity induced by dephosphorylation of Thr906 and Thr1007 on neuronal function.

100

2023




Hosoi Y, Akita T, Watanabe M, Ito T, Miyajima H, Fukuda A.

Taurine depletion during fetal and postnatal development blunts firing responses of neocortical layer 11/111 pyramidal
neurons.

100

2023

Kahle KT

- (KCC2)

49

2022

Nguyen DT, Ishibashi M, Watanabe M, Akita T, Sinha AS, Yesmin R and Fukuda A.

Loss of astrocytic Na-K-Cl cotransporter type 1 hastens seizures promoted by GABAergic excitation of neurons.

49

2022

Egawa K, Watanabe M, Shiraishi H, Fukuda A.

Therapeutic effects of bumetanide on neurological dysfunction in a mouse model of Angelman syndrome.

Society for Neuroscience 51st Annual Meeting

2022




Sinha AS, Wang T, Watanabe M, Sohara E, Akita T, Uchida S, Fukuda A.

WNK3 kinase maintains neuronal excitability by regulating trafficking of KCC2 and inward rectifying K+ channels in layer V
pyramidal neurons of mouse medial prefrontal cortex.

Society for Neuroscience 51st Annual Meeting

2022

Nguyen DT, Ishibashi M, Watanabe M, Sinha AS, Yesmin R, Fukuda A.

Loss of astrocytic Na-K-Cl cotransporter type 1 hastens seizures promoted by GABAergic excitation of neurons.

69

2022

Sinha AS, Wang T, Watanabe M, Sohara E, Akita T, Uchida S, Fukuda A.

WNK3 kinase maintains neuronal excitability by regulating trafficking of KCC2 and inward rectifying K+ channels in layer V
pyramidal neurons.

69

2022

Watanabe M, Kahle KT, Fukuda A

Regulated KCC2 phosphorylation is critical for dynamic GABA-mediated inhibition.

99

2022




2022
Kahle KT
- (KCC2)
68
2021
Kahle KT
- (KCC2)
67
2020
Kahle KT
- (KCC2) GABA
47

2020




GABAA

2021

Watanabe M, Kahle KT, Fukuda A

Developmentally regulated KCC2 phosphorylation is critical for dynamic GABA-mediated inhibition

98 126

2021

Miho Watanabe, Atsuo Fukuda

2020

Elsevier

13

Neuronal Chloride Transporters in Health and Disease. Chapter 11. Post-translational
modification of neuronal chloride transporters

https://ww.hama-med.ac. jp/education/fac-med/dept/neurophysiology/index.html
research map
https://researchmap.jp/mihowatanabe

http://physiology.jp/science-topic/30349/







