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Involvement of neuronal phosphotyrosine signal adaptor N-Shc in the kainic
acid-induced epileptiform activity
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BDNF-TrkB signaling is implicated in experimental seizures and epilepsy. However,
the downstream signaling mechanism in epileptiform activity and epileptogenesis caused by TrkB activation
is still controversial. Signaling at the TrkB-Shc site is transmitted through the neural-specific
phosphotyrosine signal adaptor NShc. Therefore, the aim of this study is to examine whether NShc-mediated
signaling pathway is involved in kainic acid (KA)-induced epileptiform activity.

We show a significant reduction of both seizure severity and frequency of epileptiform discharges in NShc
deficient mice as compared with control mice. KA-induced neuronal cell loss in the CA3 area of
hippocampus was also inhibited in NShc deficient mice. These results suggest that NShc is involved in
KA-induced epileptiform activity. We propose that the NShc-mediated signaling pathway could provide a
potential target for the development of novel therapeutic drugs and/or approaches in the treatment of
epilepsy.

NShc epilepsy TrkB receptor BDNF kainic acid hippocampus neuronal cell death seizure




B X C—19, F—19., Z—19 (GtaH)

1. WFERHAR LW DTS &

(1) TADLABED S B 20%0380T Wi
I THAEZ 2 b a— LT & RVEERME
Thd it 720 (Engel Jr., 2001), J&/EMH]
ROFENEIT K 2 Pl B 2 SO M B R 55 2
#1928 LUWBEEDRD HiTWh 5, iFun
NAREIL, =o2—ua > ORE 72 kEICRA
L. JE PR A 0> B o H il O ¥ 23 HR AL
HTEIIEIVAELDEBZZBNDN, TAM
NWIFAETERIZB T 50T A=A LIEIRE
Bl ST ey,

(2) 4 H ke ph % 2 28 [ 1~ (Brain-derived
neurotrophic factor, BDNF) %% 045 a5z
FIE TrkB IZ/EGT 5 2 & TE ORI R A
A DOFua v oFERENY UL XL, NShe
RLPLCY EWo T XX —EANEET D
ZETRMICY 7T a{RE L, M o
AT - R - U T AOBRETLE 7 E ok
MlEOREZHRHIL WD LB 6T
% (Nakamura et al. 1996, Pelicci et al.
1996, Cattaneo and Pelicci, 1998), NShc
I% Grb2 & DG %/ LT Rass-MAPK v 7
FHROIEMLIZEG T2 E 2 T
DM, EOWEEMEEIZOWTIIRTEL L D
BB GIZE TV,

(3) BDNF-TrkB v 7V RIFITF W LASE
TER T AMNADIRAERESR - ERIZ) D> T
WHZERINETHLNICENTE

(Gall. 1993, Lindvall et al. 1994, Nawa et

al. 1995, Binder et al. 1999, Aloyz et al.
1999, Binder et al. 2001, He et al. 2004),
L2l CTANARARERICISW T TrkB 23
EMHESNTZHBO FIICBIT 52 7 F 0 A
B =R NIRZEMA S TE 59, NShe 2y
T ORERERIR BN DUV TILR IR R B 72 53
2\,
INFETORENDL TrkB &K DOIEMEL
2L V@< NShe v 7 FIVIRESZR N TAD
APETRENCREE L CW A afRetE i mun & &
b5,

2. WHEOHM
DivbiL, TrkB 284K OEMHEIZ L0 @)
< NShc ¥ 7 WARERN TA D ANETEE)
WCE#E L TH Y, NShe oI+ 5 = & T,
TV AFITER T A AR A ESR: « R A2 )
T & % L ARG A L C 72, ABFZE Tl N-She
BT RKE~ T AZHWT, TANAJRAE
BRI 5 BDNF-TrkB 27" L&,
NShe 7 X 7% =y FOWRE R RETH Z &
HiE 3%,

3. WL HE
(1) EB#Ehw
ARFEBRIZIT 4775 8 HHEmOIE NShe K~ ¥
A(NShe-/DEHWEZ, £z ba—nd L
T NShe/-~ 7 A EFRIEFOBAR~ T A
(NShe++) 3 L O C57BL/6 ~ 7 2 & IV 7=,

(2) A =UBEHERITOVNAB LTV

AR

NShe-/-, NShet+/+3& LU C57TBL/6 v 7 A
kU, WA= (KA) ERENEE (30mg/
kg i.p.) HZICELDITWVNARIEL, BE5E
%&V 320 RBE LT, TORAFEER
Racine seizure scale (Racine 1972):
1.mouth and facial clonus; 2.head nodding;
3.forelimb clonus;4.rearing;5.rearing and
falling (full motor seizure with loss of
postural control) and status epilepticus;
and 6.death.Z AV CTE R L, RIFHZL
RS - FH AT o T,

(3) K252a fii#% 5-12 & 5 TrkB D4l
C57BL/6 ~ 7 A (Z%xf L TrkB inhibitor
( K252a 1 pM ) B X O xF B &
(0.1%DMSO) ZM=ENEHHZ I A =R
HEEN$E G- 247\, [AARIC Racine seizure
scale ZAWTITWHARIELZHIE - F1Hli %2
1To77,

(4) KA, TrkB BH# &% > %7 O3 (7= A
VA=A

NShe-/-3 LT C57BL/6 ~ 7 ZA DA L.
KIMEE ., WS, TURMRRIC 2T, 2hEh
T AKX 7wy MEEZRAWT TrkB L7
=B NShe, vAM=rpLtvr%—
(KA1, KA2), /v X2 I vl v 7 & —
(GluR6) DFBLZ A BB CRE L7z,

(5) I A = FREE 1% OIS I o sk
N-She-/-8 LY C57BLI6 ~ 7 A & ik F I
BREAE L. MM EEMRE EEEE

(bregma 7>5 2.5 mf% J7 . 2.25 mmfill /5, 2.25
miRE) E{To 7o, % 1 EBERICT U XL
PRI EHC B L. A = e 554 O i
RLERAAT o T2, BECPLNE 72 & T A D AMESS
FahA = BEE#/NS 2 FERFHIIL, &
ERIZ BT DB EET LT,

(6) 7 A = W% 5-1% 0D ¥ 55 S 1A i oD HEL Ak
B0

NShe-/-, NShet+/+~ 7 2B LW C57BL/~
U AKX LA = U REEN 25 1 H B
&7 HBICHEREEZITV., IMERH. EEE
AL L, ®IRB DO AT A AEARZVER LT,
Nissl Yeta 2170, ¥ CA3, CAL fHIB O
TRAMRESE & MR BT L, A = U TRIC
X 2 HEARSHIINAEIC % 9% N-She D24 I
L7,

4. WFIERLE
(1) TckB L2 7% —OMilic LB A =
S AR A 2Y

C57BL6 ~ 7 AiZkt L, TrkB £ > X
—TdH 5 K252a 1uM (5pl) F X Ot
(DMSO,5pD) NI G417, 30 &I H
A = E(KA) 30mg/kg EENEG5#% D TA
M A3E/E% Racine seizure scale(1~6)%



W CEEM L 7=, K252 Riffe 58 Cild DMSO #if
B GRECEER, AEISIT W AIED EE
PMETF L7- (K252a 1.6,DMSO 5.0;p=0.04,
Figurel),

Figurel

o 40 80 120 160 200 240 280 320,

o
)

W01%OMSO.

min|

OK252a

Sel
I
Duration of seizure {
g 8

g

o
=

o il 04

COMELVIA = UEBEFERITVNRAICE
WT % BDNF-TYkB o 7 F /L 23 F Wi A g
EDAN=ZALZEELTND I ENE X
BT,

(2) KA, TrkB B# & o387 OFHL

NShe-/-~ 7 2% JL O C5TBL/6 ~ 7 A DK
R L. KIMECE ., W8S, BRI T
western blot Z17\», TrkB L& 7% —F X
U"NShe. H A =L &7 % — (KA1, KA2) .
TNEIvBELVETSZ— (GluR6) DIEHL %
F~7~, N-Shc-/-~ 7 A TlZ N-She ¥ > /X7
DB RO IR0 7=, AN T TrkB, KA1,
KA2, GIluR6 OFIUZEIT o T2,

Figure2
A
N-Shc[ pe9 - — - R 9
p55 - 5
Bactin §‘ ;
H CT HCT i
N-Shc+/+  N-Shc-/- el ek
B
pl4s— . . o Cons
e [ o ¢ '
- .
o
GluRs
s ac
KA1 L----." 3 ar
.
KA2 Lﬁ-----‘+ ,
) -
Bactin [-——'-— ‘ él :<
3 -j] 'jj !
HCT HCT o
N-Shc++  N-Shc-/- .
$ ac
31 or
ol il il
.

NShc # > 37 RIBIZEES TrkB. KA1, KA2,
GluR6 DOIEIUZHAEIL/2< . NShe /-~ 7 A

~0 KA # 54D NShe # 737 K8
i blebshdtFBAbhiz,

(3) NShe KA~ RIZBIT B0 A = Bk
FEIF W ILA DA,

NShc-/-,NShet+/+,5 L 8 C57BL6 ~ 7 A
WZxf L, KA IEFERN#ES (30mglke) %D IF
WILATSTE S RIERIZE-M L 72, NShe-/-~ 7 &
Tl NShe+/+,C57BL6 ~ 7 2|2~ A&
T WVWRHAREOBIEENETFTL -
(C57BL6 5.21, NShe+/+ 5.50, NShe-/- 3.27;
p<0.001), F&{EMk#ERR$ NShe /-~ 7 AT
A Z M L7 (C57BL6 167min, NShet/+
172min, NShe-/- 95min; p<0.01), KA £ 5%
DIELEHRIL NShe /-~ A THEICE -7
(C57BL6 45.8%, NShc+/+ 61.8%, NShe-/-
18.2%,p<0.01)

Figure3
A

6

Seizure scale
™ a “«

~

5 WCS7BU6 — WCSTBL/6
£

BNShc +/+ E BINShe +/+

nshe /. £ Onshe /-

=

Seizure scale
w

~
it

e =

*p<0.001 *p<0.001

ZORREID, WA =VBRIZTHERIND T
WHILAFYEIZ NShe/- ~ 7 A THIHI S5
ZENfEST,

(4) NShe K~ T RAIBIT DA = Wi
5T D> B DO,

NShe-/-3 X O C57BL6 ~ 7 Akt L., &
PECHERS CA3 fEIIC B G 2 B, &
M BT 1AM T ¥ 2 VIR BT BEE
L., A4 = F (KA) #58i730#,. KAIKE
e $ 5-% (30mg/ke, i.p.) 7>5 2 KRERG O K
W R A AT o 7o, BRI O T A D AR
F AR CRHAI L 72, KA & 5RTIZmaL &
HICH LR TANAMERINIZERD 2 h -
2o KA #54%, WAL HITTADAMERS
EBIEE XN, IRE, B L 12 NShe /-
~ U ATIEN o T2, TAMAMERE OBEEL,
BeHE% D 1% Tld C57BL6 ~ 7 AN
Yy 5642.8+41210 [El/h 125 L NShe-/-< 7
AT 1046£971 [Hl/h EFEIZEN -T2
(p<0.001), 1 KFfEZ2G 2 KEFTE T,



C57BL/6 ~ 77 A MY 80401573 [Bl/h (%}
L NShc-/-~ 7 A C¥¥J 981.5+1048 [A]/h &
BB Do 72(p<0.001),

z
3
32
£
5
£
[
2
g WC57BL6
3 4000 CIN-She -/
o
L
o
2
o
i

0-1h after KA i.p.
ORIV DA =VBFERT VALK
FDWEE DD O T AN AMEFER L NShe-/-
Y UATHH END Z EfES T,

1-2h after KAi.p.

(5) NShc K~ 7 A28 S #EE CAS fElEk
TOH A = R B IE DM,

C57BL6,NShc+/+,NShc-/-~ 7 AlZxf L,
KA e 5 1,7 B BICHEREE% .
MR D Nissl Gefa 170, R CA3
ARk O HERAR IR MR SE & FEA L 7=, NShe-/-
<~ 7 A TIiX., 1,7 B B & b
NShc+/+,C57BL6 ~ 7 AT A E IR
M B8 23 4 L 7= (C57BL/6 dayl 23.3%,
day7 19.7% ; NShc +/+ dayl 23.9%, day 7
14.5% ;NShc -/- dayl 42.4%, day7 37.7% ;
p<0.001)
—J7, W5 CA1 FEIR CIXAAL C oMM
WAL e o Tz,
Figureb

A

C578L/6 N-Shc +/+ N-She -/-

(a) () : (e)

w0
o) > @ 0. 2 Ly p—
> 2o L
Day? ,%,g' S 5.
7.8 ]
A i)ﬁ o
00 psfee 15 G 10 o
° *p<0.001
(o} D

C57BL/6 N-Shc +/+ N-Shc -/-
(a) (c) (e)

(b) (d) (A

8 8 8

area fraction (%)

CORBELDV A= VBICTERINDLYE
5 CA3 fHIk COHEMARFMIESIL NShe/- ~ v
ATHHI S D Z L fE- T,

o
<
area fraction (%)
2 &8 888
oo

“
*
_ ks
sl g L
Day1 £
i f—
FE Shce/s.
H o
" oxsc/
.
i L
» WCSTBUG)
» -
» g
.

<FLH>
AWFFE i, (1) TrkB L& 7% — & 49
5z kfﬁ4 VIR R IT VAR L
7z, (2) NShe X#i~v 7 ATIL, A =2
WCTHERSNDTVNRAREEB LR TA
MWAMEREN 2 b —L~ T R
BIZIEFL72. (3) NShe K~ X Tlx
A = UG %OWEE CA3 SEI O HEAHH
JAFERINH Sz, TN OREEND TrkB
Lt 7% —%4r L7z NShe BN A = Bl
Tf*%éézhéf/wﬁ ANETEEND X J1 = x
LB L TWA Z L AR LT,
TrkB 23+ 22 L THR R 7R3z
HAIL, TANARAEEEZMHITED Z LI
WEENTWS (He et al. 2004), — 5T
TrkB Z#fl4% Z & THEE T LTP & &
SN ENRMLNTEDY (Huang et al,

2008) , TrkB Z HEH:ANHIT 5 2 & 1358500 nE
RE IR B L 5 2 DT RN D &

Ezbhb, bhlbhuiZnE TOWET
N-She B5 K~ U A 3#HE TO LTP 23
WMInbsZ itk AR AL G
RAKENERL TWVWEZ E2WmE L
(Miyamoto et al. 2005),

NI EB NShe # 37 #iER &5
HZET, BIRKREICEEL 5252 L7a<
TADAZINHITT X 2872 72 IR E % ST
TEXHERSH D,

<5 H3THk>

1. Engel J Jr. Intractable Epilepsy:
Definition and Neurobiology. Epilepsia
2001; 42(Suppl. 6): 3.

2. Nakamura T, Sanokawa R, Sasaki Y,
Ayusawa D, Oishi M, Mori N. N-She: a
neuralspecific adapter molecule that
mediates signaling from
neurotrophin/Trk to Ras/MAPK
pathway. Oncogenel1996; 13: 1111-1121.

3. Pelicci G, Dente L, De Giuseppe A,
Verducci-Galletti B, Giuli S, Mele S,
Vetriani C, Giorgio M, Pandolfi PP,
Cesareni G, Pelicci PG. A family of Shc
related proteins with conserved PTB,
CH1 and SH2 regions. Oncogene
1996;13: 633-641.

4. Cattaneo E, Pelicci PG. Emerging roles
for SH2/PTB-containing Shc adaptor
proteins in the developing mammalian
brain. Trends Neurosci 1998; 21:
476-481.

5. Gall CM. Seizure-induced changes in
neurotrophin expression: implications
for epilepsy. Exp Neurol 1993; 124:
150-166.

6. Lindvall O, Kokaia Z, Bengzon dJ,
Elmér E, Kokaia M. Neurotrophins
and brain insults. Trends Neurosci
1994; 17: 490-496.

7. Nawa H, Carnahan J, Gall C. BDNF



protein measured by a novel enzyme
immunoassay in normal brain and
after seizure: partial disagreement
with mRNA levels. Eur J Neurosci
1995; 7: 1527-1535.

8. Binder DK, Routbort MdJ, McNamara
JO. Immunohistochemical evidence of
seizureinduced activation of trk
receptors in the mossy fiber pathway of
adult rat hippocampus. J. Neurosci
1999; 19: 4616-4626.

9. Aloyz R, Fawcett JP, Kaplan DR,
Murphy RA, Miller FD.
Activity-dependent activation of TrkB
neurotrophin receptors in the adult
CNS. Learn Mem 1999; 6: 216-231.

10. Binder DK, Croll SD, Gall CM,
Scharfman HE. BDNF and epilepsy:
too much of a good thing? Trends
Neurosci 2001; 24: 47-53.

11. He XP, Kotloski R, Nef S, Luikart BW,
Parada LF, McNamara JO. Conditional
deletion of TrkB but not BDNF
prevents  epileptogenesis in  the
kindling model. Neuron 2004; 43:
31-42.

12. Huang YZ, Pan E, Xiong ZQ,
McNamara JO. Zinc-mediated
transactivation of TrkB potentiates the
hippocampal mossy fiber-CA3 pyramid
synapse. Neuron 2008; 57: 546-558.

13. Miyamoto Y, Chen L, Sato M, Sokabe
M, Nabeshima T, Pawson T, Sakai R,
Mori N. Hippocampal synaptic
modulation by the phosphotyrosine
adapter protein ShcC/N-Shc via
interaction with the NMDA receptor. J
Neurosci 2005; 25: 1826-1835.

5. ERRERLFE

(WFFEFRAE . WHIEor 3 M ONEHEIT 724 12
ER 7Y

(MERsRm S0 (BF O )
(F=%R) G o)

6. AT
(DaFgeEHE

B S (BABA, Shiro)

FIRRA: - bt (EF%R) - BEMEE
e %= 30530430



