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The Expression of Proto-oncogene c—fos following
Various Seizures in Mouse Brain

Takashi NAKAJIMA

Department of Neurology, Brain Research Institute,
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( Director: Professor Tadashi MIYATAKE)

Since c—fos is a transcriptional factor gene that is induced by various stimulations
including dbc—AMP, Ca—influx, and phorbolester, it is thought to be a useful marker
of neuronal activity in the nervous system. In the present study the anatomical dis-
tributions of ¢—fos mRNA expression were examined following various seizures including
electroconvulsive shock, caffeine-induced seizures, kainate-induced seizures, and lidocaine-
induced seizures. The distribution of c¢—fos mRNA expression was different between
those seizures and was dependent on seizure induced mechanisms. Neuronal cell death
following systemic kainate injection occurs in the discreet brain areas within the
distributions where c¢—fos mRNA was induced following the treatment. However,
dentate granule cells where c—fos mRNA was markedly observed are relatively strong.
It will be of particular interest to analyze plastic change of neuronal cell in specific

brain structures following those seizures at molecular levels.
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BRI TAMA, EROABHIVhATTVEE
WTIRIEIC X 0 B O E1F C R IR O TE B ¢:
THET L EEZLRTWAR, 0L 5 RS EiL
HOMEEHE EORKEBL TV ADEA S . 4
OWMETEZHFEL N LA > 7 F M EEROTER:
b3 & DIRIGREE T OBEERM* LTW 2 hIe2onTT
ADAETVERRE LTHRARD

ke oA AD FB] £L 18 FBR murine sarcoma
virus WIIEBET TH B vfos BELETAHAHY, M
BERRET cfos (cellular fos) &tz OHRGT
EFOYEE DNA WHETHLDTHD. 2D cfos
OB COEBABRERIIFFCEV-ERML TV,
%, BEEMISAR T nerve growth factor (MR &
KF) %, fibroblast growth factor, (#EZFMlaiE
HF) REOBERTF, =a5v?¥, rraz vggy
in E OWRMEEWE kK ORBITRIGE & LTHBERA
I cfos BBERLEAbh->TW5S. MK
YITFMEERDE DY FA vtV P r— L ~LOHE
ELTHE c~AMP ORERKEHETH S dbe-AMP ¥,
C- % —HREEL UBEBEHEET L LTLabh5

SAkEATE

ECE CaF vV

PDGF

Ca*
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phorbolester®, Ca 1 4 v OMERHKAS K &ixEh
FHET LT cfos ZRBIBHIENLENATV A,

IheOZErb A-FF—+ (CAMP {KfEMEF > —
), C-FF—+¥, BIU Ca #NT5MBEHY 7 F
MEBFROEMALIZ T NT cfos #RBEX B EE2
HS5had (B 1). Z0-® cfos mRNA OfifaL ~iu
TOFRBIMIEA Y 7 7 VREROER O L EE &
%5, Thi B {clmE Ui iR sy iz M
P> 7 F BRI EERIG LIS B O L LT
HFrsrLE250h%. 2D cfos mRNA DFEHE A H
= X A OGTREZAEET ofos BETFO T v E L —
FROMEC L OBLLRERTETL S, cfos BIE
FO 7 v & —FEC BB IOERE T AED Hh T
%Y SRE (serum response element)”, CRE (c-AMP
response element) ¥9) i hTw% (B 1). BE
FTOELSH, C-FF—HOEK(LIL serum response
factor (SRF) O L%F|&E I L SRE 24 LT,

cfos mRNA OFEREW|HML T2 D LE2 LR T
b, ¥l c-AMP Lk % A- ¥ F—HOEMILP Ca
A 4 V& cyclic AMP response element F&&EH
(CREB) 8% # 7T CRE %ML L cfos mRNA
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DEEHEAIT - TWAH D, F1:, c-fos & JIDHM
HRBETCH S cjun BErhFhEBEHEY S LT
A VT 3 HEER D Fos—Jun #&EZHE L,
IhBEFEET L LCRIETF DNA Eid s AP-1 K
&6 (TPA response element ¥ 72{3 TRE) o
5. TORBR AP-1 BEME AR ENEELTO
EEMEET 5. AP-1 BE&4*FBETLL TR 1
TV 7y U, TIiof FRBRESE v R v,
ArnFiiA vigOBBRECERNESETh T
5.

VEFTHRARTELL YK, SEARCELTIE o
fos mRNA MMM > 7 F A EEROBEBIICHIG LT

HEEE L DA, AP-1 BETMEKFHRORBETFRALR

BLEy, ThoOEASHOGEEREZRLTVWE EE
Zbhbhb.

I TREBEIGRAETATRATE ORRIC cfos
PRELTVWAREFRETNRDEFAREE LN LT &
DTHEE, BEHCRIVhAEFLE LTERI VL
Avav?, H724YVELBFVRA, Y EALVE
LB VRA, A =vBILLbdVWhAEFAEFIH
L, A c-fos mRNA ODFEHRAY / —F v 7oy b
& in situ N TV A E—v a3 VIE X DN, EEME
foaT@Eks LUERIE >V TLEET S,

MHELUFZE

BineEFIL

HeD Swiss = A (20~25g) ZHEH LK.

BROVHAY 2 v 21T ear clip BBEZFEEL, 6
mA, 1BCTERL (n=3, %% ear clip BE%
AT 2P BRLH S sham 2 v b o — b HFER
L#z (n=3). ‘

BT 2 A VREBFVRAGERERCTCRLABES
#Hx 58 (178mg/kg) DI 7 =4 vEEELTERL
(n=16) FERNCARAIEKO % EEEMES L sham
avra—ASER L (n=6). ¥/, AERIEE
B& LT 10, 32, 56, 100mg/kg h 7 =1 v O
LER L (B4n=23).

YR vIZEEF0hARGVhAREXEZ 28
(100mg/kg) #BEHEACERETHHTIER L (n=
4). ¥4, BERIGER S LT 10, 32, 56mg/kg @
U RhA vEREFELFRLE (F4n=4).

B =VBE LB VhAL 60me/ke R EEEEAIC
HEH LR L (n=3).

IhLOBERE LTV ARG THBEL, By

BOH LA vy 5 v Tt—45CI TR L e+ O,
—70CICHAE L.
RGO i 15, 30, 60, 120, 240 51
WERT 28 (F4n=3) 2BEBIVhAva vk
¢ sham 2 v b e —ABOBEC>VTERLE. =
N ORI HAESER I TEHRE L —T0CIK TR L7,
¥, h7 24 VROV FHAL vORBREERHD
BRI RIC T Lk, —70CI TR L.
VS
in situ /~1 7Y £ 4 ¥—2 a V& Harpper & Marselle
bOFEEE — AR LClET LY. B LR 15
pm coronally or sagittally cut cryostat section % 4
9% paraformaldehyde T (2 4rf]) e Lo, acety-
lation, glycination #ffTLi. "I 7V F—H— 3
VIV ELT A v —EEFHAL ¥S TIxA Lk
Hind II-BamH I mouse c—fos DNA fragment (Specific
activity : 5X10° dpm/ng) %#50% formamide, 10%
dextransulfate, 3XSSC D&M 42T T—BEIT - 1.
50% formamide, 2XSSC, 42CT¥ - fc O HASKEHE X-
OMAT film B L7,
J=FvT7oy Ml total RNA @77 =99 A
—~iftA v AEW CHE LA L~V 15pg 7124k 20
g © RNA # 7 4 Vv AT7AFe K—T7Hr— 2B
BB LI, =babro—xe ) —FY FFVRT 5y —
%4712, C~fos DNA probe i in situ /A 7 U &
A ¥—>a v THERLLLDEAL fragment # 5
HhT 54 =T 3P T 5~ Liz (specific activity
5X10° dpm/ng). 4 7 ) A €~ a VIE50% 7 #
NET I FOBFETT 5XSSC, 2CTir-1. Bl
D&M LBMAITIE 0.1XSSC, 50CKHTIT»7. 128F
ff X-OMAT film wE¥ L. film & LKB Ultro
Scan WTF v ¥ b A b —%fT- 8%, serial dilution
standard & OB T c-fos mRNA OHNELY E& L
fe.

o R

BREIONATTL

untreated 2 ¥ ko — /L T® c-fos mRNA OFH
HizEAERD ORI -, earclip & & 5 AR
T3 ¢fos mRNA ORBERBMEHI5S cHBEE
D2HhH IFOECETERTEI Enbho (B 2-
A, B). ¥z idREE LS L 4 BRI
W EBECRES S 2 — v AR L. Z0 cfos mRNA
DOBA DS in situ M TV ESME—va VD E
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o R EER A, dE g, BUREE, /BN
Wl K@ bt (K 3).

BRI VRAY 2 v 2 TRBVWRAEE c-fos mRNA
BISGLURNEREECE L. 2O VSN EREOR
S8fETH O, WL & LR L 4 RS IR E
TR A g2—vamrLl (B 2-A, B). TOBASH
I3 in situ A T YU EA ¥ g VIEEL O SMURRE,
RURE, WEREAME (CAL mhly), HREER
fa, RbkeE, AR, EAMRIKTE, HERE, T
B, —HKBEBRRLETLAMEE, NRERE S &
T cfos mRNA OWFEERABDL (K 3).

74 EFIL

N7 2 A VDT A~DEBEREHIC LD ofos mRNA
OREREZRE~N. O AMELZEZ 28 (178me/ke)
T cfos mRNA OBIIES® T HEFWHAREL
TofbsbETHEEFEORR /"L 100mg/kg Tk
HEEHEO 4 fE2R L (B 4-A). insitu "1 7Y &
A=y aVTRH7 24 VRIBPVhASE, BEHE
MIEER, BRUBRESEHEV cfos mRNA OREA R
Wic (H4-B). Fio, BEEAEHRRCE OFVREH
C RIBT LRI ear clip 1o X B RARB S BREORA
5345 cfos mRNA OBEOCRB##E D (E 4B).

JEhA4EFL

FUhARER#Z 556, BLU 100mg/kg DV F
HA vEEIZLED cfos mRNA A5 < FB LABE
ofafEERLE (B 5A). BELTOY Fhf v 8
boo 3 FIBREEHE D cfos mRNA RERABCED
Bhichot VNS vk badvhiic ks cfos
mRNA O kiR, MR, WRESH, SRR,
FREE, EEMEANR (CA1 AuL), SkEEHR,
JRbkik, BLNE, AREEIHCRED bR DED o
fos mRNA @ L~ @B Lish - (B 5B).

A= BEEFL

H1 = VERIZ L A3V A TR BLREE
Fabkik, MoEgEAHIRa (CA1, CA3, CA4), BT,
WPE, KMEE < cfos mRNA BREHE L.
MO cfos mRNA OL_ARELL Lk -1 (K
6).

z %=

ear clip PHEMEPIESHIB e & OBRE OF %R
HEEE I - BEOKIG & UTHEBICBERT 2 A&
FEPOE LTHIBES LD cfos mRNA BEHRT
ZERAHLAC IR, ZhEA MLV RARZEDEIEED

ERBETFREORILE UTEREYV. A LR LN
BRI & BRI SO LI AL b T,
8T Hunt HOF% 2 kb, BLRESEHNOT
B A OB O —®IE cfos #FH I LI &N
LIRiE I hT\5, Fi, Sagar b ickoww A
DA A P L AT T ADH % EATARETHORE
FHZOH cfos BRATIFEHIRES LT 5.
BRI VHhAY 2 v 21k, BREELTEHTVRA
RIS IENTESL. OB VT cfos
mRNA GBI REFOERATSH V250, A
LFIWORE - LB L, S L vIK < BB, -
¥ Z O BT S 2 ERERKE T o/
DPIBRE R T R & W o fo i BIE U 7 ek o
B ERILI ATV, 7 oA YA BRE TR
s A T (Cognitive enhancer) 75 & DR aEE
FIBER %Y o0, KERSTREHTVhABRIEAR
BEEST0B W, ofos mRNA 2H7 24 YR LD
WHAHE, BREETROET A MREERCOLRE L.
BRI VhAY 2 v 7 L5885 VRADERI cfos
mRNA #ABRCREE LS REENa E0X
BB RCE ST RBEShikh-k. h7 4 VEL
BFVHAGLERBIVRA Y 3 v 7 SERERKEOS S
FOhAZETAHEENRRALLZEWRES R Y
FhA v ARFREFR O KBOLER S e Ted
FonAKE|EFRI TR <7 2 BWTIE ofos mRNA
DT BEBRIVNRAKED c-fos mRNA OF5HH O
ELoHbERLAOEL LT, LrL, T, Al
R, B il cfos mRNA [ZRH Lich -
oo ¥ h 724 vOBEERL - T c-fos mRNA
DOREFIIZIA S s ARIRFBEGRAR S b o hAa
= VERIC X B RA TP QR E DAL i R AT R
FENEEX BT ENLLRTWADR, % OMEMINEEL
fiZit cfos mRNA DORBURAICGTEE L T 19,
U L, SeREIER MR &3 cfos mRNA A&
FTEREHIEEEI L, b LY cfos mRNA
R HEABEE I — N RIE LT EEZL LR
o, BBLHLTRERTVhAY 2y 72U FA VY
X BT WHRATO cfos mRNA O4F L 3E4LD
ZEHRHD, CA3, CA4 TD cHfos mRNA DFEHHH
1=vBEIH5TVRATIRLEVE &2 5. CA3,
CAd KiE A1 = vBRZABEE G- LHMEShTL
LZE et TsEELLNS.

ZhbOERT, FEIVHARIB IR cfos
mRNA BB T E2ELRTh - ok, £ OMATHITHE
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EOHHFC L -TRE - TWwic. TBEEUL 280
VWHATH-Th, HIBNS TFA LT VAL a Y
FOIEE % cfos mRNA ORBIC L v~ TL D &,
FOFHERIL > TWAEPRAL ML -1 TV hA
DHIZ, cfos mRNA HRB L 145 E OFALOTHREM
Bt AP-1 HEROREGETREN K X, BOSES
ELLTEEELHLNDN, 5%, FEROTE@EMEC
DWTHEEL T ETLSEOBETH . cfos
mRNA OFEBS>WTCOWRITEETHLEEbh 5.
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0 (UNTREATED)

2 ARD c—fos mRNA O/ —¥F v 7oy b, BEIVRA
va w7815, 30, 60, 120, 240 3D c—fos mRNA DFHEE
L, BREBOALES LR, 15 30, 60, 120, 240 53k (C)
D c—fos mRNA DRBEL/RT.

RELATIVE EXPRESSION OF c-fos mRNA
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‘~§---_----....-

01530 60 120
TIME AFTER ECS (MIN)
B 2-B 2AOFvvbALY-—RLE

c—fos mRNA DFEE

ERIBRIVHABR YR ERERESH Y R
9 (n=23, Mean* SEM).
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3 C—fos mRNA O in situ M TV FAE -V vd— 3927574
(= v 2 D TEARMT)
A: EEfo v bo—-0, B BRBEREEHRISDE
C: BB VhAYz v 716014
B83E: PO: RUREZE, PYR: @E#AME, DG: tKEIBEAEE, VMH:
AEAIBK T, PMC: RUkEEAMEERZ, MG: R{ERE, IC:
Th, GrC: /NxENE.
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0 17.8 32 56 100 178
CAFFEINE (mg/kg, i.p.)

Bl 4-A H 724 515 c-fos mRNA ORE (HERKIGHE)
#7724 (17.8, 32, 56, 100, 178 mg/kg, i.p.) MUEBFEHEISFHERD / —
HFrToy b (E), TOFEE (). (n=3, MeanxSEM).
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UNTREATED | SALINE INJ. CAFFEINE (178 mg/kg, i.p.)
CONTROL CONTROL {CONVULSIVE DOSE)

@ 4~-B C—fos mRNA @ in situ N TV ¥4 ¥ —Yavd—1F7
OA T 574 (= 2RTEIRET)
L EiEEEo v b o—ov, BERERNA BT 155 8,
FuhABH 7 =4 (178mgrkg) DEERES%155%
BXEE . CPu: 8UR{E, Tu: BESE, MhEiH.
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STANDARD

1

[y
o
A

t

Relative c-fos mRNA expression

It

0- ~f T T T T
0 10 17.8 32 56

LIDOCAINE (ip. mg/kg)

5-A Y FA4 vE5rL5 c—fos mRNA ORE (HERECHR)
Yy F#4 (10, 17.8, 32, 56, 100 mg/kg, i.p.) RULEEEHEKI153%D / —
Frray b &), TOFER ). (n=4, Mean*SEM).
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5-B c¢—fos mRNA @ insitu N 7V A ¥—vavyd—+3F
CA T 57 4 (o RPERRED

A EERAESFS151R,

B: BVHARY FAA ¥ (100mgrkg) OEBENEREH®155%
BST: bed nucleus stria terminalis, OB: Bfif, BM: baso-
medial amygdaloid nucleus, ACo: anterior cortical am-
yvgdaloid nucleus, PLCo: posterolateral cortical amygda-
oid nucleus, flaijth.
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B 6 c—fos mRNA @ in situ N TNV A ¥~V a vt - 739457
7 4 (= 2 REEIRET

A EERNEREHE (BOI v ho—n)

B: #4 =8 60mg/kg BEEENEE, OV hA®ISHE

HiiH.
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