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Rapid Loss of Apurinic/Apyrimidinic Endonuclease and
Subsequent Apoptosis in Kainate-Induced Seizure Model

Ha Young Shin, M.D., Doo Jae Lee, Ph.D., Kyuong Joo Cho, M.S.,
Mi Ae Kim, M.D., Yong Hyun Lee, B.S., Kyoung Heo, M.D., Ph.D.,
Gyung Whan Kim, M.D., Ph.D. and Byung In Lee, M.D.
Department of Neurology, College of Medicine, Yonsei University, Seoul, Korea

Purpose : The DNA repair enzyme, apurinic/apyrimidinic endo-
nuclease (APE) plays a role in base excision repair pathway involved
in repairing apurinic/apyrimidinic (AP) site after oxidative stress. To
reveal the relationship between APE and neuronal apoptosis associa-
ted with oxidative stress after kainate treatment, the temporal change
of APE expression was investigated in kainate-induced seizure model.

Methods : Status epilepticus was induced by unilateral intrahippo-
campal injection of kainate. Superoxide anion radical production and
DNA oxidation were evaluated by in situ detection of oxidized hy-
droethidine and 8-hydroxyguanine (8-OHG) immunoreactivity. APE
expression was examined by Western blot and immunohistochemical
analysis. DNA fragmentation was visualized with terminal deoxynu-
cleotidyl transferase-mediated uridine 5'-triphosphate-biotin nick end
labeling (TUNEL) staining.

Results . Cell loss occurred at 24 hr in CA1, CA2, and CA3 after
kainate-injection. 8-OHG immunoreactivity and oxidized hydroethi-

dine were increased comparing with control after kainate-injection.
APE immunoreactivity was decreased 4 and 24 hours in the hippo-
campus after kainate-injection. TUNEL-positive cells were observed
24 hours but not 4 hours in hippocampus after kainate-injection. In
double labeling with APE and TUNEL, TUNEL-positive cells did
not show APE immunoreactivity. These data showed that cellular
oxidative stress was increased, thereby APE was decreased in the
hippocampus after kainate-injection. Also, it was shown that the re-
duction of APE preceded DNA fragmentation.

Conclusion : This study suggests that rapid loss of APE may
produce the failure of DNA repair-machinary and then induce neu-
ronal apoptosis following kainate-injection. (J Korean Epilep Soc
2004:8(2):108-115)

KEY WORDS : Kainate - Epilepsy - 8-hydroxyguanine - APE -
Apoptosis.
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NF- £B 5 BY AA1AHtranscription factor) 2] DNA
AEE AL gkl o] gl e Absla AEY A
o8] &34 A7) DNA £ apurinic/apyrimidinic
(AP) sitesE &-78H= base excision repair (BER) ¢}

2% AZE 3hr}? o3 o)% DNA %7 (Base) ]
do] dofit HEH, DNA glycosylaseol| 23} ©]
& Q717 AEuith 1 Ax 9717} Wikl DNA
E7& o]F+= sugar phosphate? B4 Hol AP sites
F 9. APES H}Z o] AP site®lA] sugar phos-
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2 (DNA ligase) 7} Z+435to] DNA &35 578 < 3l
A B! H2 =Fe) oshd 9 FEAE B A
4ZF(reactive oxygen species)©] 78| wel APE?]
welo] Zylsitky o’ il HE g oy o &4
25 pdox] DNA 2234 (fragmentation)©] Yojut
7] Ael) APE 219] 7ha7} Jojdrha ®a =i ek
ujEtA], ¥ &4 0]F APES 72 DNA B 547t &
Ag A, A AaFo] o8] AdEE DNA &4
Bpshe AR Yo AehEa, ol#d FAo] AE A}

(apoptosis) & 717 F&lo] 9l& RAoE FHH I Y.
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Kainate | MU=

nE 2250 Aqusty s 5 A48 &9
3]0 A Ao whet Aol AHEHACE 378 € 35~
40 g 7 ICR vh-AF o] g3l5ith & $2](cage) &
5l AR E T, AUeEE 22+05TE FAHNS
o], 12A17F 7 02 wha} ko) F7)1& Tk 18lal &
7} Hol= AEA AT S9irE A FEES 25%
isoftlurane @} A9} Ak 3 71A1(70%/30%) 2 wHA
Ak % ©%Z 719 ¥ (heating pad) $F 7148 A% (hea-
ting lamp) 2.2 A4 AL FAAZL FEY WHE
9] A=A (stereotaxic frame) ol A7 &, 739 A

OI=X -

&5HY - L28F S
24 ANt FAZE =2A3) S, bregmadl
X2 g1kttt $= djvh Y] (anteroposterior (AP) =
—2.0 mm ; mediolateral (ML) =—1.7 mm ; and dorso-
ventral(DV)=—1.8 mm) °ll 32 gauge®] 7h= #& F3t
o] kainate(0.5 #g/0.5 ulin 0.9% saline) & 53l 4
2 BEddgit) FA} vbs AA F vERd & kainate
o] AHE w7] 93} kainate £ F FAF vhEE 5
29 2 Aol gAARTh v F1 F, A9
o 29l RE oA 7AFHFTo] YErRTE ©lF T
A717] 913+ kainate HA 30% Hel diazepam(2.5
mi/kg) & BAUR FARKICE

3™ HIO|ZH (cresy! violet) &Y

Z2 ARG 2~3A7 ol AR Al F ALl 3%
7k 2w @7 1 H 100%, 90%, 70% oleheol A
AE 18 30% 4 92 F TR 380 2M 9
s34 & A F5age vpHa S A nio]
2-# (cresyl violet, Sigma, USA) @A del| 883+ &7}
T3, o)% grabg oz FHFA 70%, 90%, 100%
ogtge] EAYRE ¥t Ao E AH F A
E (Permount ; Fisher Scientific, USA) Z &3sto] 7
HIHgAS Yol st drjg oz #FsISIt

Kainate R MWRDHOIMNQ| ko HNA

U} AALE 7] 984 kainite £ F F9 BAE
o) gato] supEglel] Mg Akjista, w7 ANE o
B} A&2 02 S5 A(Comet Portable EEG ; Grass—
telefactor, USA) ol sto] 3% wighe} ¥z} WigtE &
2apoint. ¥uk= 87 5} (background activity) $h= A
& o2 2o} 3% ol X&HoR e AYE IR
o wzy) Ay 7Faglon, 3% Wt FHkE
2.2 ictal electroencephalography (EEG) 1#]1 3
W3} glo] ¥uke] WM3bgo] gl 3% subclinical ictal
EEGE #F3to] EAsich

ol

off

N 20jR 2| (superoxide anion radical, 0,7) H&E
Hle A AbAZES] AEQl AbAk Sol& B0, )& #

oll7] ¢ste] Aol 71&ERE in situ detection of oxi-
dized hydroethidine (HEt) & S48} o]&33ich”
Dihydroethidium (Molecular Probes, USA)< dimethyl-
sulfoxidedl €81A1A 500 mg/ml 52 §d& "=
0]7-& t}A] phosphate buffer saline (PBS)ell 1 mg/ml
2 AN old BaE FAES Fol7] F] 2%
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shz FH3isich o] &4 200 u1E kainate A% 3A]
b He Ao FARIL, 1A H TES AT
I, 10 U/ml heparin®] 9+ 0.9% saline® 3.7%
formaldehydeE 473 Eslo] #R/A71Z, HE A&}
o] 3.7% formaldehyde®l]l 23}t 2A4E HUZE vibra-
tome S ©]&3t0] 50 £m9 FAZ Fzhlo] &33 ]
AoE wasIglcl & YR HHE MelA Axds 4
MsH= Hoechst 33258(2.5X 107 mg/ml in PBS) )| 15
B7F w7l & 542 A3k Aquamount (Ther-
moShandon, USA) 2 §-§3te] AIetAE 9ol o]
das FFdv|AEE o] &sto] BESITH

MY DNA 24 HE

Kainateol] 2]3+ w2k & sjjolor] QA AlAhE 9
3] JEhbE DNA &4 7193517] $i819] ofdel Rug
W el we} 8—hydroxyguanine (8—OHG) ol th3t &=
2 o]g3to] AkalE DNAE FIeuh? ¥ 238 3
A F- Eefo] ool A ol F¥AZ|L, FE
12 o]g3l] 20 um FAE FHEE e Sjo)
ol EHES F 80T Bt o] &ujo)
Aol AellA] 1A7E o] E Al § —-20T
0% ethanol®] 103 @7FF3Ith 1 & PBSE
587t 3H 42319t} DNase—~free RNase (Roche, USA)
£ PBSE Agte] & &epol= @ 5 pg ¥ 7tsted]
37°Ce] & A7FEsE HEEAIZL F 4N HCIZ 783 ¥4
}4& AL, 50 mM Tris—baseZ 783t 53} AlZth
1% 1% BSA7} 23 oIglE PBSE 57t 34k Al
23l 11, DAKO kit (DAKO ARK kit, USA) <l 9=
peroxidase block= 7}5ke] 587y wjekA AT thr] 58
7k 3&k 1% BSAZF 25019 PBSE AAE 3191
i1, 8—OHGe®] gk 31 : 300 ; QED bioscience, USA)
9} biotin F4L 7}ske] Aol 1587 vjFet & 1%
BSA7} ¥3HE]oiglE PBSE A&kt of7]e) o]x}3t
AE 1580 ¥-3A7 1, 1% BSA7} £35]0]%l+= PBS
Z A3 T diaminobenzidine © 2 QM3 Fof Axae

o AW5H= methyl green® ¥ thA] Gas)gic),
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APE HLITNQIOIOIM AL

Urethane ©. 2 v}]3}1L, heparinized 0.9% saline @
3.7% formaldehyde® #F3t1, formalin®g 14 %,
vibratome & ©]€38l%] 50 pm FAE ¥ HEL W=
ot} o] AHE Kim §'o] AR&-3F vhi#} o] blocking
solution®)] ¥} incubationd}1 1. anti—APE polyclonal
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antibody (Novus Biologicals, USA)E 1 : 2000.% 3]4
3o HR-AIF Y 21 % avidin—biotin—peroxidase com-
plex Y2 ol&3t] "Wz s E AlFsGith 1
2]3. methyl green® % A|T8-S N3 & Fsl Hr|H
o= FEEgn

DNA ERPIM(fragmentation) HE

Q) 2 whio g sk FAE 30 pmz TS X
2 Hyox DNA FHENS ER1sH] $38te] terminal
deoxynucleotidyl transferase—mediated uridine 5 —
triphosphate—biotin nick end labeling(TUNEL) 2 A3
s3Itk o] A2 oo Z|EH AU el upet FeE]
ATEY HEE 0.3% Triton X—1007} 3= PBSelA 30
E-7F incubation3th PBSE AA 3+ & 2.5 mmol/12] co-
balt chloride$} 200 mmol/1%] potassium cacodylate”}
L0JQ)l+= terminal deoxynucleotidyl transferase (TdT)
2= (pH 7.2) (Boehringer Mannheim, USA) oA 155
7} FoFFith. 300 U/ml TdT (GibcoBRL, USA) & TdT
dFHOZ 40 pmol/E 3% biotinylated 14—dATP
(GibcoBRL, USA)Z 37CellA 1417 &<k §EE- A3,
150 mmol/1%] NaCl, 15 mmol/l sodium citrate?} 2%
bovine serum albumin®} ¥35o|3l= PBS(pH 7.4) &
1582k 7 28 AM&ska, VECTASTATIN Elite ABC
Kitg o]-g-slof 3087+ wha-AIZit 71 % 0.175 moll so-
dium acetate® A& 3}al diaminobenzidine (0.25 g/1) 9}
nichel chloride (10 g/HDE G} o] AHES 557t
70%904 100% 2 &8}7F= ethanol® E-rA)7]3, A}
dof| @ H, Permount® B3te] AMSHAE Yk |

APE THHTIHN{Western blot)

Kainate &% ¥ 22 0 hr, 1 hr, 4 hr, 24 hrol &=}
o)A dentate gyrusE Zehfi Ueix] duirdE A%
sto] —80°Cell Bad F ARgsiglth 2F 228 104 &
2] lysis buffer (20 mM HEPES—KOH, pH 7.5, 250
mM sucrose, 10 mM KCl, 1.5 mM MgCl2, 1 mM
EDTA, 1 mM EGTA)Z homogenized}1 4°C, 8,000
g 20% Bk Ay Reler F 4 Ae Belsol 4}
Ssisint. 2% 9MAE Bradford HOE F%sty @
WA 10 ugs 10% SDS—PAGEIY 27]9%3% 5, PVDF
membrane & & FZ U ©] membraneg PBS—0.1%
Tween 2022 MA3}IL 5% skim milkE 4TCollA 84
7} 0143 blockingdlith. 13+ A= 1120002 345
anti—APE polyclonecal autibody (santa cruz biotech-



nology, USA) & AFgalo] Ao 1A17F B9 4kS A
71 & 7}7+9) horseradish peroxidase—linked secondary
FAZ Ao 1A12F B¢ AT, ECL Plus kit
(Amersham Life Sciences, USA)E o]&3}o] HEol
HgAA AESIC o] BEE LAS 1000 (Fujifilm, To-
kyo, Japan) & ©]€3lo] #4311, TINA 2.0 &ZE

Figure 1. Cresyl violet staining and
EEG recording after kainate treat-
ment. A : Histological change did
not occur in the hippocampus 4 hr
after kainate injection. However,
cell loss was appeared in CA1, CA2, &
and CA3 of the kainite-injected hi-
ppo-campus (arrowhead) and CA3
of the contralateral hippocampus
(arrow) 24 hr after kainate injec- ga-
tion (original magnification x40). k.
B : Depth EEG recording during sta-
tus epilepticus induced by kainate. &
EEG recording showed continuous
epileptiform discharges in the injec-
ted hippocampus and intermittent
epileptiform discharges in contra-
lateral hippocampus (Gr, ground;
Hp, hippocampus).

Figure 2. Oxidative stress in hippo-
campus after kainate freatment.
Superoxide anion radical produc-
tion was visudlized by the oxidized |
HET signalls (the oxidized HET signal |SIa%
indicates red ; A-F, original mag-
nification x400). After kainate
freatment, there was a significant
increase of oxidized HEt signals in
injected (E, F) hippocampus com-
pared with the control (A, B) and
contralateral hippocampus (C, D).
Inserts in D and F showed red gro-
nular pattermn of oxidized HEt signals,
which located in the perinuclear
area (nucleus indicates blue) in
the contralateral and injected hip-
pocampus respectively (original
magnification x1000). The oxid-
ative DNA lesions were detected
by anti-8-OHG antibody in the in-
jected hippocampus 4 and 24 hr
after kainate injection (I-L original
magnification < 400).
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ZEDHNAL DNA S5

ke Al dlalBk (relative protein level) 0.2 A
8] F9lon, ANOVA (Post Hoc Tiv.s) S ©)-4310] E7
Hesti i, p<0.058 ol Aoz WAt

= L]

oo 249 anjoly R

Fig. 1A9)A B30 kainate Y & 4A|7ko]] A&t
Cresyl violet 94 A= e A7) vjud o &
W3} WA gkth & 4N AR E Fvt 2
9 AE Fe7b FAEAE SRR kainate S FU sk
24 A7} Flol= kainate”} Y€ &2 dvtol A& den-
AL)gk CAl, CA2, 181 CA3 B& #3)
Y&aA] 98 Y57t dA3] Eol=U

tate gyrus®
of| Al AFAE

Contra

th. %% kainate 7 SHiE sjulolA e CA3IM Y
2 Gdo] Atk EF kainate T F, 1 FH
o] vl Ag e e HaE B4sisl

t}, 4% ¥3(Depth EEG) & #2323, kainateg 7+
93} v (KA—injected hippocampus) o4& 42491
7rAE dhdo) A, vl svl(contralateral hip-
pocampus) e E 783 1143 dbdoUeldtiFig. 1B).

AR 202 A WY N LRI DNA 24 24

AghE hydroethidine B! A 8—OHG A 4]
3jet AALE ZHz) Ajsgste] Absla] AEd 2ol gt Al
E4E ERIFINITE AR fol B AN AE9 T 9

X E 8Q1817) 938}t kainate #1x] 3417+ § hydroethi-
dineE FI5I 1 1A A AL A3, AA-E(Fig. 24,

Ea

).
[o2

Injected

Figure 3. Immunohistochemistry of APE. APE immunoreactivity was not changed in KA-injected hippocampus compared with
control 1 hr after kainate treatment (G, H). But APE immunoreactivity was significantly decreased in KA-injected hippocampus 4
hr after kainate injection (K. L). APE immunoreactivity was further decreased in KA-injected hippocampus af 24 hr after kainate
injection (O, P). APE immunoreactivity was also decreased in contralateral CA1 and CA3 24 hr after kainate treatment (M-N,

original magnification < 400).
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APE

#-actin
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Figure 4. Western blot analysis of APE affer kainate freatment.
APE expression was shown as 37-kDa and was significantly
decreased in the kainite-injected hippocampus 4 hr and 24
hr after kainate treatment (ANOVA, #p<0.05, T p<0.01).

B) ol H]&}ed kainate ¢ ¥oiE vk (Fig. 2C, D) &+
kainite 9] sfw} Axtell AA ethidine®] #& 3%
o] ©] 78kltk (Fig. 2E, F). £3] kainate T3 &
9] afjulellA A3 Ak, vl F9 FelM® CAl
7 CA3elA 2 F7k7 @A8d (Fig. 2C, G). E3
Hoechst& Zo] |44 3191& wf 2ka Fol gz
Aol Alrdl FRlolA] st M ITHEIE. 2F, A
® a3). w3t 8—OHGel wigt A S o] &3fo] 4kshA
DNA 48 AEstlvh A (Fig. 2G, H) ol vldle,
kainate %] ¥ 4A17HA @lwt CA1% CA3<] AE 39
8—OHG &2 welnkgo] F7k= rk(Fig. 21 J). Kai-
nate %] 3, 244170 salel = 4XA B} 8—0OHG
Galle] Welnkgo] dA 3] 7= Urk(Fig. 2K, L).

JAFTol A APES) ofst o2z gl s A)gsks]
SNof] M= R} (Fig. 3A-D).
Kainate 3¢ 1A17F 3 9% siwl CA13} CA3ollA

38

Aot - OIS - 2=

on

APE®] thdh go] AT nigted oFzk S8k
(Fig. 3E, F), kainate 5% #lv} CAl°lA APE®]
3F o] okzt FrlE AR Fig. 3G), CA3eIA= Hix
ol vsto] Wslrt QIlch(Fig. 3H). 3HA|9 kainate F
9] 4A17F Z ¥HiZ #al CA13 CA39A = 1A17ke] H]
& APEQGA9] W3lrt 9113l (Fig. 31, 1), kainate 5%
3+ & 3w} CA17} CA30lA 1Akl B3| APE #440]
HA 5 74289 (Fig. 3K, L). 24413t Sle= APE
Aol vt B Ay kainate Y WHAE sfuh
CA39lA APE 949 Axr} 748 1 (Fig. 3M, N),
E3], kainate Y3 29 3fiu} CA13} CA3 F#o) APE
FAo] 7] wolA] okstch(Fig. 30, P).

APE THMTITHAL 22M(Western blot)

Western blot ZAARlA] 37 kDael| slj@dsh= F-4ol APE
A|of) w83 o] (band) E0] AT T3 APES] W
AzAFE7IALS} B3 o] ARE T £, kai-
nateS I3 %9 ajulelA] 1A7HA el APES] k]
A7 Aot WA E=1+0.15), 44
off= Al Blste] f-o4d A TAERTIHAR] '
wA2k=0)75+0.2, p<0.05), 247t A5 st
kARl GAEk=0.23+0.18, p<0.01) (Fig. 4A, B).

TUNEL QIM=0nr APE/ TUNELS) O|5 i =N

Fig. 19| kainate 7% 24A17FHel cresyl violet $34)
oAl A Aol HQl HoJellA] TUNEL ¥4 A|EE0]
Wo] AT ) E3|, kainateE FUF alvle] CA17}
CA3(Fig. 5C, D)ol vHiZ: i) CA13} CA3(Fig. 5A,
B) Bt} TUNEL oM MiEse] o go] 23 5|5tk APE
modx 2518t 7AAL Ae} vws] & o, TUNEL ¥4 Al
FEo] #FYE F9E= IF APE 4 Axr) vlg oFst
gtk mE3 kainate £ 3 2441204 3wl CA13 CA3
olx] APE/TUNEL2} o153 24-& Al3sh Aa} APE7} 44
B Ao A= TUNEL g8o] Holx] ¢kttt (Fig. 5E, F).

Ll Al

B Ao A9E goksbd 4= gvtel £UH kainate
o gafl it ol oA limke] AAME AAo]
Q) T, kainate Y ¥ %5 siutelx] 1 E o]
2 =gtk 3}, kainate T 44170 slimtell YIAIEQ)
= QXS & FHo Abh ol T BAo] F7t

g9lon, 48}4 DNA £4% A=t 183 HAFEa

Ly stZbRlErE K| § 2004;8(2):108-115 § 113



DN LS DNA S71&L

Figure 5. TUNEL staining and double staining of APE/TUNEL 24 hr after kainate tfreatment. TUNEL-positive cells appeared in CAl
(C : original magnification x400) and CA3 (D : original magnification < 400) of KA-injected hippocampus. TUNEL-positive cells sho-
wed in CA3 (B : original magnification x400) of contralateral hippocampus after kainate injection. However, there was no TUNEL-
positive cell in CA1 of contralateral hippocampus (A : original magnification < 400). In double staining of APE/TUNEL, APE positive
cells did not show TUNEL staining (E @ original magnification < 400). In high power field (F : original magnification < 1000) TUNEL-
positive cells had no APE immunoreactivity (F, arowhead), and APE positive cells showed no TUNEL staining (F, arrow)

o] LR = 226 DNA ¥-AdA o] gaky]glon] o]
DNA 2d4o] dojulr] Mol DNA B+ &A%l APE
daldo] WA w4 AT

Kainateoll 2J3 &} o] 5 A3ty AEdAT7) 718l

olRo] X &4l FTE F= Aoz LA Jukt A
& ol grZE S WHOR in siw HEt

O

| AHgE I 9lem, HEtS RS AbAFel i &2
45 W ethidine? 7]‘5} 2o Ve A= A

'_1_?:

T
I,
i,

1 BHo|d HEtS 0|83t Aba Sol oz A
A AEE E% AupSo] wEFHL T B Adxe
kainate©l] 2]3} %‘ﬂ“ﬂ 2L Zof] g} oA Ak &
ol gzl A HEE A 8k in sim HEt
WS o] 831, Ak ol BT AlXy YXE
ool 7] 319 Hoechsti o] gAsie] v wERgiTt. of
%3l kainate HA F A4 Fol& #r)zo] A
Ao Sl mEEE ol ¢

=] ©
A8 &

ol S7HENAL, FE AL

A hee 2T 5+ ARk
WP ©4He 6% T3] Slstel 4844 DNA &
H2 8-OHG 4] te aelirg AAkz Ssjgick

Kainateol] &3l bl @zl o] k4 g0l glr]zo] 2
7} 31, o]Ao] superoxide dismutase®l] J8f H,0,2 ¥
8t ¥ Fenton RFgell 98] HO ° (hydroxyl radical) 7} 23
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49 = Qlth o]gA 44" HO o] DNA 719} W8
3hd 8—-OHGSF Z-& o] vehd 5= k" DNAY]
bk &4k WY, ¥ 94 18]1 kainate 2 FEAIZ]
7hd oA QIFEH QL 2 A8 A3} kainate F
o 4AIZE FelliE 8—-0HG | whg A5r) ksl 1)
v} 39k kainate %] 24A1F Foll= F913F & ol
8~0HG ¥ Hr8 A7t A3 F7FdUn) Kainate
£ 427F Hell in sine HEt W o2 3113 Ay} A3}
d AEYATE AA ST AR 8-0HG AR
It Aksla DNA £4-2 34 vehdx] gt g
24X 8—0HG ®ukgo] AA F718I3laL 1 Al
Zrdjell TUNEL ¥ AZEo] YepR}r] Alzksigit o)
AL APE S DNA EF §49] 2Hg0 7 4A7HHol=
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