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Damage of GABA Response that Explains a Certain Stress-Related Pathology
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Excessive stressful events in life is severe problem in modern society, since it is followed by onset of various
mental diseases, such as depression, panic disorder or anxiety disorders. Although it remains unknown how social
stress evoke a variety of symptom of mental diseases, combination of ethological and molecular biological analysis
would provide us with cues to establish efficient therapy. We are working on the analysis of the symptoms of
mental diseases, by using mouse model with social stress. Here, we introduce our published works and review the

candidates of therapeutic targets.
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2. AL ZERYIRICRES h 31TEIR4FMIC
(& GABA 0 EREHIEET S

GABA [Z#PHIME O R EWE & L CEERE
e R LTWE, BEZKICBWTGABA X
GABA, ZHRClF v 2V ERIO &YW, EXALF
B> TClOAZGIESEI L, @5 S
LB LI o THHIOER 23T 5. ZO1FEH
WZATHIIEN D Cl- A A iR 2 filiigst & 0 b A
K908 0H 5. MIBND ClmA 4 Y iREEIL Cl
ZHEH 5 K*-Cl-co-transporter (KCC) &, 2
Cl- 1 #* v %t A &4 5 Nat-K*-Cl~co-transporter
(NKCC) 2L hFffigshTwb. 2 fifai Cl- 1 F
VIEFETREIRRE GRS & GABAA ZHMR-CL-
F X AINVORONC &) BTG ZiE S, @&
B AP 12 X 2 IRER ER L TWwb %
2o Twb (Fig 1).
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Fig. 1. Postulated pathological model drawing of GABA response. In this model, neuronal cells with healthy condition
possess sufficient KCC2 expression and lower intracellular concentration of Cl~, which is followed by inhibitory GABA
signaling. In contrast, neuronal cell with pathological condition shows down regulation of KCC2 and higher intracellular
concentration of Cl~, which is followed by excitatory GABA signaling.

M~ 20D GABAIGEICL 725 THEBIZERHLT
FERT L7z, ¥ 3R S IR R0 % # 0 o& LREER L
7o AR ENT L 7oRER, R RERR R DM
LTWwWb 2L, HAEWimerwd 52 &x vz
L7z, F72, BEAL 720N 260 Cl- A 4
PEH 2 4H G RS 7 GABA I8 & & o1& & % 3
2 K*-Cl~co-transporter 2 (KCC2) 122\ THIHT L
7oAE R, W CAl, CA3, GC #EISZ4 T KCC2
DY HRRENDL Z EHRIEL TV 5.
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ToOM, HH3RMMER~ Y 20 S REEEE L7
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3. GABAREEEIZHcHRRERSICHS
ERS
Z D GABA JBEBEE IR 4 72 MR B T AR
BEMDY BB IN DL, FEER EORBHALR
PRSI TIL B L 72 Fhslig & 72 ) GABA #*
WM 2R3 72O MBEEORIWER RS S 5.
GABA JBEFREIZBD H Ml Cl- A A > ik BEF i

BRI CADLARIERBO S TIERE LCHIER S
NTW 5, 59 [BIMFERERO A b L A2 X 5 BH%RE
DIETIZHE Db TV LR H L. P ¥ VIE
DETNVELTHWOENL YT AIZBWTKCC2
DL HBEE EN TS, ® GABA IS HEAE 1L 5
T VEDHHO—DOTH D HRERTIZOEb - T
WhHEEZOLNS.

4. GABA &M ZHEI§ 5 KCC2 & NKCC1 (3
GABAICEEEZEZUET I FENELTE
ETH?

KCC1Z Cl" e 4% 2 & T GABA I2h}§ 2 4
A OIS A % HIE ¢ 2 EE L& Z R0 T
THhHb. FTHKCC2IFEEMIZHEIEL T 228
AHBOBREEA M L AZERIC L DR T2z L,
FIRPY CL- i B Sl & IR TIR CHEFF T & 72 <
RALENDHY, TOL) LI
fEE L CRMREEZERT2b0E LTHERSN
TV,

95 1Y 7 I B 1) 5 KCC2 D 3B BB 1
xRN E VRSN, P iRl 1
T 5 BDNF 25713 v & F — BRIk TrkB
T KCC2DOHEHERT ZH TV L L HES
NTW5, 910 TrkB O FitICALE T 5 2 D O#E#

(Src homology 2 domain containing transforming
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Fig. 2. Cultured neuronal cells of rat embryonic brain. Cultured neuronal cell shows expression of KCC2, which pumps
Cl~ out of neuronal cells and reduces below the extracellular concentration of Cl~ and prevent depolarization.

protein/FGF receptor substrate (Shc/FRS-2) % 4
9 % #% % & phospholipase Cy-cAMP response
element-hinding protein (PLCy-CREB) % /3 5 #%
) AR 5 2 & TKCC2 AN T 5 &
EZ2OLNTW5, 2@ BDNF-TrkB #F#1%, GABA
INE RS2 BT HIGHFIEN E LTS G, i
A CIEERIMALTE % B L 72~ 7 AHAEF ISR LT,
TrkB O#FRW T > ¥ T =X s TH L0 F1LEW
ANA12 ®$:5:12 & 1), Phenobarbital {GFEIRH 4D T
A SV A DS S hvCn g W
KCC2 O Aia N By RE % Hl 3 2 FHER B4 b
72, KCC2 DR T 2 nEIEN L T 58005
EEH SN L. KCC2 Mg & Mg o’ o
BTV ELTWE. 12 20X BNy 2R
WZBWTiE, ) rEfbE /i L CHilaim 2 & Ml
WANDRAT 2 R 0 IZHIH§ 2 2 &3 TE, il
WD Cl A & VIgEZHHET5 L THETH L EE
ZbNTw5h. BlziE, Protein kinase C (PKC)
12 & % KCC2 Ser940 A D ) » BRALIZZERT 2> 5 N
HA~OBATZIEIT 5. 9 2 X Mg Em I
L FE B KCC2Hz, Ml GABAIGE %
fRoTwa, 2D &9 % KCC2 Ser940 D 1)
FEALIE KCC2 DIEREIN T I2fE 9 GABA IS &R E %
BT 2w ErsfEEINs. PKCEZA LT
Ser940 %) VAL T AR E LT, AF T b
VU RBROEEASHE SN T L W =TT,
Thr1007 5% %5 i SPAK (STE20/SPSl-related
proline-alanine-rich protein kinase) & OSR1 (ak.a.
OXSR1, oxidative stress-responsive protein 1) 2 &
%) YA R T, MileFEmo KCC2 WA &+
B, OV YERALKEEE OGS £ 72, KCC2 D
A HIE LTI GABA IBE % B CRER E LT

HHEN TS, W

Na*-K*-Cl~co-transporter T& % NKCC1 & % 7-
GABA I0EBEEOERICE D L. NKCCL IZMAZA
12 Cl-ZHUY) iAts 728, NKCCl 2 HEEETCHES 5 &
MR CLHEE DS LR35 72, GABAL E1R-Cl-
F ¥ POVEIEE D Cl-A 4 i & ) Bl s % e
CLRILRY, BREMEEEEY L5 THEK
E% b, VW—THIREL L THONSETEEI R
RT A% = FIZNKCCl 2#HET 5728, GABA
INEEEZUHETLHEDELTHEHEIN TN,
TAYZFIET Y MEIEFE B ERTIX
EERHZEMOMEEIZ L D TADLARIEICENTH
LlEINTVE—FHT, KRB CIXTERE
EORERELENERA LD, SHBEIFEINT
W% 161D

Fiko X 912 KCC2 % NKCC1 & GABA o2& [
EAWETLHTENE L TEETHL. D
D53 TIRREDFRNT D 72 0 FK 2 1 X F 72\ Sk o
MR RERREZHBEL T b (Fig 2). 5% A
b L ARF 2 M IS 9 5 2 L THREEE T
WL, AEGIGREOMREMRIALT 5 2 &
BHEZTVD.
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INFTHBRTELGABA LA EE DY F T
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FFBGREREO R ) L5 b o LR
S5,
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