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The role of 17beta-estradiol on pilocarpine-induced epilepsy and the downregulation
of hippocampal membrane GIuR2 and HCN1 channel protein levels in ovariectomized

mice
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Estrogen is thought to be a risk factor for catamenial epilepsy E2 significantly
increased seizure severity. In this study, we found that the E2 prolonged the latency to status
epilepticus (SE) and reduced mortality. Pilocarpine-induced epilepsy reduced the protein level of the
AMPA receptor GIuR2 subunit at the plasma membrane. However, E2 suppressed this reduction in GIuR2 and

inhibited Ser880 phosphorylation during epilepsy. Next, we attempted to block GluR2-lacking AMPA
receptors via intraventricular administration of 1-Naphthylacetyl spermine (Naspm) to mimic the effects

of E2 treatment in freely moving mice. Treatment of Naspm after pilocarpine injection at 3 min, the
latency to SE was increased and mortality was reduced. This timing of the effects of Naspm is consistent

with the onset of the GIuR2 phosphorylation. These results suggest that E2 promotes survival by
inhibiting the GIuR2 internalization.



70

Neuropeptide Y

HCN1

AMPA
GIuR2

AMPA GIuR2

4 CD-1
(350 mg/kg,

i.p.)
Racine scale

Plasma Membrane
Eextraction kit  (BioVision, Inc.,
Mountain View, CA, USA)

Paxinos mouse brain atlas
(AG-4, Eiconm,
Kyoto, Japan) (GC
UNIFAST 11, Tokyo, Japan)

1 2
HBSS
PAPAIN Neurobasal
Neurobasal /2%
B-27/5% Horse Serum/Glutamax-1/
Penicillin+Streptomycin 1-2
Horse Serum NB(2% B-27,
Glutamax-1, P/S) 3
1
GIuR2
37 20 Alexa488
4% PFA
Triton-X100 1 GIuR2
Alexa546
-60mv
20
17p3 -Estradiol; E2, 10
B M 5

duration 500ms -50mV

-110mv



10 p M E2

h HCN1

Before E2 -

E2
BeforeE2  5omy AfterE2 5oy
==
Ne——— | |nE ﬁ S00pA
\_H__‘__‘_
i am— o |
E2 h
HCN1
350mg/kg  E2
HCN1
E2
HCN1
HCN1
E2
HCN1
E2
Control SE E2 SE+E2
HCN1 gl | %
membranal_‘:' ? ?!!
HCN1
total
HCN1
E2
GIuR2
350mg/kg  E2
GIuR2
E2
GIuR2

GIuR2

A, B E2
GIuR2
GIuRl
E2 A,C
A B ... sk *%
Control SE E2 SE+E2 §100 1
2 i
GIuR2 F-- S - - 50
€ 2
5§ 60 i
%2 4
GluR2
total L--------‘ ﬁ 5
GluR1
membrane c Control SE E2 SE+E2
120
Ci:_::1 t—-——————"—-‘ = 100 —F— === ‘_{‘_‘
B =
= 80
B actin = °
membrane | i ! 5: 5 60
b
B actin E N
o - -
total ———eee ‘ E 2
0
Control SE E2 SE+E2
GIuR2
E2
E2
350mg/kg  E2
5
A
5
B 5
C
D
F
5 E2
E
First abnormal behavior B First stage 5 seizure
250 700
5 < 600
o 200 ]
3 1 & s00 1
~ 150 = 400 1
§ 100 % 300
% T 200
5 50 — 100
0 0
c E2 c E2
D First abnormal behavior to SE
**
2500
g 2000
2 1500
c
8
5 1000
3 500 I_j
0
C E2 [ E2
Stage 5 seizure (>3sec) Mortality
E * F
10 100
[+
§ ° & =
§ 6 z ®
3 4 8 40
b o
= ’ = ” ._
=
0 c E2 o T E2
E2



GABA-A

350mg/kg  E2
GABA-A
E2
GABA-A
GABA-A
A,B E2
GABA-A
GABA-A
E2  GABA-A
A Control SE E2 SE+E2
GABAAB2,3 -
membrgne B3 = [‘i y. L%
GABAAB2,3 be | EE
total g
B acti j
men?grglne ol | e
B actin IR
total
B 120 * % : *%*
T 100 z
o 2
a5 80 f
z2
gg 60 T 1=
£ 40
20
o]
Control SE E2 SE+E2
E2 GABA-A
GIuR2
E2
GIuR2
1
2
GIuR2
E2
GIuR2
E2
GIuR2 GIuR2

GIluR2

GIluR2
Surface

GluR2
internal

Control
Pilocarpine
Pilocarpine
+
E2
E2
GIurR2
GIuR2
350mg/kg  E2
3 5 15 30
GIuR2
880 Ser880
3
GIuR2 Ser880
15 30
A, Bo
E2 GIuR2  Ser880
E2
A, B e
GIuR2  Ser880
GIuR2
GIuR2
E2
GuR2
A SE SE+E2
0 3 15 30 0 3 1530min
p-Ser 880
(GluR2) -
(3;1;;2 ‘—“-.-.—(
pacin
total
B OSE
N 200 ® SE+E2
b
o= *% %k
T £ 150
55 *
%gmo——¥£;;§;;;;
%
50 o
10 0 10 20 30
E2 GIuR2

Ser880



GIluR2

AMPA

AMPA

AMPA

GABA

AMPA

GIuR2
Naspm

D

Ser880
AMPA

GIluR2
GIluR2

AMPA Naspm

GIuR2
E2

GIuR2

GIluR2
E2

3 GIuR2
Naspm

GIluR2
AMPA
GABA

Naspm
5 Naspm
GABA

Naspm

Naspm

Naspm

3 Naspm

E2
3 AMPA
E2
GIuR2

AMPA

GABA

GIluR2
E2

A First abnormal behavior

N
o
o

*%k *%

= N
(=]
o

N
o O
o o

Latency (Sec)

4]
o

0 c Pre  Post

Status Epilepticus
C *%

2500 ¢ ek
‘S 2000 }
w
= 1500 |

AMPA

B First stage 5 seizure
*%

800 *%
600

400

- ' [ \
0

C Pre  Post

Latency (Sec)

D First abnormal behavior to SE

gmoo
® 500

g (o] Pre  Post 9 C Pre  Post

Stage 5 seizure (>3sec) Mortality
E 10 ¢ R ded F 100
g 8 (__W__W s 80
g 6 3 60 }
s af ) zi 40 }
] 5 | |
ORIN (NN (N
o} Pre  Post c Pre  Post
GIuR2 AMPA Naspm
E2
E2
Calpainl
Calpain 1 PKA
STEP
STEP
GIuR2
GIuR2
GIuR2
17-B estradiol
STEP61

STEP46 17-3
estradiol GIuR2

Calpain 1  STEP61 STEP46



STEP61 STEP46
17-p estradiol

17-p estradiol

GIuR2 internalization
STEP61
GIuR2 internalization
STEP61
E2
HCN1
17-8
estradiol HCN1
internalization
17-B
estradiol HCN1
internalization
17-p estradiol PKCa mTOR
70S6K
HCN
E2
mTOR 70S6K
17-p3 estradiolt
mTOR
mTOR
E2
cDNA HCN1
pGW1
pGW1-cHCN1
HA HCN1
S3 4 231 232
HA-pGW1-cHCN1
Calphos
HCN1

E2

HCN1

STEP61

STEP61
internalization

E2
STEP61

STEP61

HEK293
E2
GIluR2
E2
STEP61
STEP61
CST

Kenjiro Seki, Nobuaki Ohtake, Yuki

litsuka, 173 -estradiol promotes survival

by inhibiting hippocampal GIuR2

internalization following pilocarpine

-induced epilepsy in mice. 87

2014 3

o

21

SEKI, Kenjiro

50342803



