ORIGINAL ARTICLE

online©ML Comm

J Neurocrit Care 2008;1:150-156

gty =4 iy oid 43 =2
X x|of| elet APE/Ref-12| Tjtied 3
ANCISI olBiefst HEBSTA, HEF U NE-HBRSAE
R - ZEF - olHe! - Ay - dys

ISSN 2005-0348

0lA] APE/Ref-1 &¢€! O} LHIO|2{ A
MAMZDA} ZHA

Overexpressed Apurinic/Apyrimidinic Endonuclease/Redox Effector Factor-1
Using Adenoviral Vector Inhibits Induction of Neuronal Cell Death after

Transient Ischemic Stroke in Mice

Hyun-Woo Kim, BS, Kyoung-Joo Cho, MS, Byung-In Lee, MD,

Hyun-Jeong Kim, MS and Gyung Whan Kim, MD, PhD
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Background: Despite the correlation between changes in the levels of apurinic/apyrimidinic endonuclease/redox effector factor—1
(APE/Ref—1), the DNA base excision repair protein, and ischemic neuronal damage, no studies have addressed the question of whe-
ther the overexpression or restoration of APE/Ref—1 may prevent ischemic neuronal cell death in vivo. Therefore, we investigated whe-
ther increasing APE/Ref—1 may inhibit the loss of APE/Ref—1 and DNA fragmentation, and prevent neuronal cell death after cerebral
ischemia/reperfusion (I/R). Methods: Adult male C57BL/6J mice were subjected to intraluminal suture occlusion of the middle cerebral
artery for 1 hour followed by reperfusion. Pre—ischemic treatment of the adenoviral vector harboring an entire APE/Ref—1 gene sequence
was introduced intrastriatally. Immunohistochemistry assays in AP sites, and TUNEL were performed. Results: APE/Ref—1 was overex-
pressed by using adenoviral—vector—mediated APE/Ref—1 in striatum. Pre—ischemic administration of the Adenoviral vector harboring
an APE/Ref—1 gene, by 4 or 24 hours after reperfusion, significantly decreased AP site and 8—OHdG, and subsequent inhibited the in-
duction of apoptotic DNA fragmentation at 24 hours after I/R. Conclusion: The overexpression of APE/Ref—1 can prevent induction of
apoptotic cell death after I/R. Using adenoviral—vector—mediated APE/Ref—1 could represent a molecular target for prevention of is-

chemic neuronal cell death.
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29} DNA F2gAto] BuwQup M3 sl Ao &
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= ok X AFES] AFsA AE# A9 DNA &7 of
3] ﬁ%“é% 75 ®far B g Ikt o)i= APE/ Ref-
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for Assessment and Accredltatlon of Laboratory Animal
Care(AAALAC) 9] $91& 71 A C57BL/6J
-~ (37089, 25~30 g) (Daehan Biolink Co., Chunbuk,
South Korea) & W& SFAE o83l dx2o0= Fo
¥EW-S M (middle cerebral artery occlusion: MCAO)
gozy AR w4 Y 2dg HL T F
AE-E Alste] SAFHE E2AA § GAHEE ES
FOA BH= 11.0 mm Zol¢] 5-0 7&8 Y& A}
(Ethicon, Edinburg, UK) & 2745 HWE F3ll Uds®o
2 et Fuidsd s Abdetsior, 60 S
HAdE S3HE AlAGte] dR/E IEAET S/
o= Laser Doppler Flowmeter (Transonic Systems,
Inc., Ithaca, NY, USA) & ¢]&3sto] S35t

OtH|.=HO|2{A tHIE1(Adenovira| vector)
APE/Ref—1 FAAE &3¢t ot imnto]2i A (Adeno-
virus) ¢ $Md< Lab frontler(Lab frontier, Gyeonggi—
do, South Korea) ©ll 9#st & 5418} ARg-3FSlek &gk
w2 el ofdirtolef Al Ag- 1 S BRI
94l green fluorescence protein (GFP) #-42= §&a}

of ALl

Overexpression of APE/Ref-1 | HW Kim, et al.

otti|lcHto[2{A L] CHi| = 2 ik S

v A= isoflurane 0.2 54 v Ob_, stereotaxic ma-
chine®] s & w20 AZA (% 0.7 mm, S
2 mm, Z°]: 3.3 mm) °l| o}e|:=Hle]# A= Hamilton sy-
ringe (Hamilton Co., Nevada, USA) & A}&-3lo] a3
2 pL(4.0x10° pfu/mL) A o5l AA & F i st
ot AT e (normal), APE/Ref—190] §3H4 o}
irfo]|HAE Foist 17 (Adv—APE/Ref—1), control
obe|:mntol A 155 (Adv—Cont) & & Al ZIFS= U
o] Agstgion, nlole|AE FYsta 39 F A3 iy
=4 S8 S stk i 99 i § 4’\]7}34 244
Zroll ZH2te] mpe-AsE Wrete] AEXAE 2
A T2 Al A= A AFsAexA
°] 37+0.5CE fFA33Ith

2AME] DNAC| AP site ZXi2F

=249 DNAE F&3% %(0D260 nm/OD280 nme]
Hlgo] 1.8 o] HE5) DNA &4 A A= 7|IEAP
site counting, Dojindo molecular technologies, MD, USA)
= ARgEto] AP sites A3t ARP(Aldehyde Re-
active Probe) 2 ¥A]¥l DNAZ microtiter plateol] ¥,
HRP-Streptavidin €9 @o] Wke-A]7]1, 714 %—0” S
A7kt & tA] g HESAIA 650 nm) Jr;é}oﬂ/ﬂ =4
L5 =458y A9gke ARP-DNA 55418 o] ¢
&1, 10° nucleotided AP site?] 7§52 JeRASiTh

HEXXI5FSH HAM(Immunohistochemical staining)
oA s AR fla 0l 24 HEE PBSE A
& ofal dat A @A WEeAIZITE YAk FHAEE goat
anti—APE/Ref—1 polyclonal antibody (1 : 200; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) 2} rabbit
anti—GFP polyclonal antibody (1 : 200; Santa Cruz Bio-
technology, Santa Cruz, CA, USA)E A}gsloivt &H
< YARIAIE 4TColA 8AIRE A WAL $ FFEA
27} @i o]k @A B= biotino] A oAk FAE A
gato] Aolx 1AIRF F3F WEEAIA WA 8 8HAL
= Alstalnh

3 ) 2G A AT A o] HES ZAAHA AHS &
A Lo A 2087 propidium iodide (PI; Sigma) 0.5 g/mL
o} WA o, GAst A dAES LSM 510 confo-
cal laser scanning microscopy (Carl Zeiss, Thornwood,
NY, USA) & ol-g3te] ##3I3itth Biotino] Ad¥ o|xt
A S A3 Aol Vectastatin Elite ABC Kit(Vector
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laboratories, Burlingame, CA, USA) & AFg-&to] Wodut
£$-5 A5}l al, diaminobenzidine (DAB; Sigma, St. Lo-
uis, MO, USA) 6.2 TAAH 9 methyl green®.Z 3
gx=QaE AAslth A4 AgE fl8 22 *Eﬂ
oA &4 AUl AZ e X9 2AARS MEs &
20081&°0M 1 mm* G AIEE A58k vk A3 (semi—
quantitative) W& ARSI

itd ﬂl

DNA EX(fragmentation) 4t HE

DNA #284= gRlst7| 918te] TdT—mediated dU-
TP—biotin nick end labeling(TUNEL) 3215 A3}
o2 9o 7l o R Fust 24 dHE 37T
O WollA] 1A ¢t TUNEL reaction mixture (Ro-
che Diagnostics GmbH, Penzberg, Germany) 50 pL$}
e
dium (Vector laboratories, Burlingame, CA, USA) S =2

Bolslga, LSM 510 confocal laser scanning micro-

scopy (Carl Zeiss) & ©]&3}o] #3515 th
AkS DNAS| HS

54 dAE& 4 % DNase—free RNase (Roche, Man-
nheim, Germany) 2 HFEAIZ 37, MOM kit (MOM; Dako,
Carpinteria, CA, USA) A|ZALe] ¥ o whe}l 8h4| <] bio-
tinylation®} blocking Hd % 8—hydroxyguanosine (8—
OHAG) v &HEE &A1 : 300) (QED bioscience,
CA, USA) & #FAIZtE DABR WA)17) 1, dn]H oz
aRgiTh
S5 2M

A ARES WA= 2T HA(mean+SD) 2 EAIEH
o} ofg] ezt + ANOVA (with Fisher’ s
post—hoc test) (StatView, SAS Institute, Inc., Cary, NC,
USA) 2 Algalon, P<0.05E5 BAIFoZ o8 2o
= sk

Cloning of APE/Ref-1 gene into
adenoviral transfer vector

PCR product enzyme digestion map
APE/Ref-1

Kanamycin L . MCs

pShuttle-CMV
75kb

pBR322 ori *

Pacl -
R-ITR

Left arm homology Pmel
pShuttle-CMV multiple cloning site region
(sequence shown 888-1031)
Forward primer binding site
GGICTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAG...

Bglll Kpnl Sall Notl Xhol Hind IIl ECoR V
| | | | I | I

Reverse primer binding site
...CGATCCACCGGATCTTAGATAACTGATCATAATCAGCCATACCAC

Production of

'Right arm homology /I~

...AGATCTGGTACCGTCGACGCGGCCGCTCGAGCCTAAGCITCTAGATAAGATATC...

recombinant AD

Homologous recombinationin vivo in bacteria

right arm
homology
region

pAdEasy-1

l Digest with Pac |

3l litlfy Gene of interest Adenoviral DNA m
f = ]

Transfect 293 cells

Virus production !
In 293 cells v '

FIGURE 1. Production of recombinant APE/Ref-1 adenovirus.
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APE/Ref-1 FH| RTAL & OtdlcHI0|2{A(adenovirus)
|z}

Cloning3t APE/Ref—1 #A 4425 pShuttle—CMV
o] 2418t & pAd—EASY vector®} homologous recom-
binatione &3l APE/Ref—1¢] ¥&%H AxF3 o}
L-HRo]#H 2 #E (recombinant adenoviral vector) & A2t
31 ARk A2EE o xnlo]e A WEIE adenovirus
packaging cell line®! 293 A9l transfectiond}e] 2|z
48 oftmnloleiAE EITH(Fig. 1).

Oltl|.cHiO |2 AE 02T APE/Ref-12] Edd

HAZA SIS o] gato] ofticHlo| AT Fof £
Azl W2 2dlg 2AF 2™ (Fig. 2), propidium io-
dide (P, red) 0.2 3 txzgA4E A3t GFPE
ot ofdllmrto]l g AE Fol F wheAl] HxA A 1
Aot 294 = GFP HYukgo] A2l #EEA] ok wF
3, 494AFE GFP dwk-go] ZatA vebstt

e}

il do

Adv-GFP P Merged Low-mag.
. .
- .
- . | { :
. . | ; |
o . - ‘I

FIGURE 2. Temporal profiles of APE/Ref-1 level after transfection
of adenovirus harboring APE/Ref-1 gene. In immunohistochemical
analysis of Adv-GFP treated group, regional expression of Adv-
GFP was detected by double immunostaining of GFP (green) and
Pl (red) in striatum which was revealed by confocal microscopy.
Scale bar=50 zm. GFP was significantly increased at day 3 and
day 4 after transfection of Adv-APE/Ref-1 (Adv-GFP, transfection
of GFP mediated by adenoviral vector).
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SIE/MEFT = APE/Ref-1 &8} O LHI0|2{A 020l A
APE/Ref—12| ZAAR| 2! AP site ZtA

APE/Ref—1 &% ofvl|muole| s Fof 3 F vk
el s|d/AHFE A&kl APE/Ref-19] S7&
ARIIEE PReA tie AzA] DABS o]83 2AAM
S Algste] #EEIICHFig. 3A; normal, normal control;
Adv—Cont., control adenoviral vector; Adv—APE/Ref—1,
adenoviral—vector—mediated APE/Ref—1; 4 h, 4 hours;
I/R, ischemia/reperfusion; scale bar=50 xm). Fig. 3A
9] A ZE (Fig. 3A, normal) 2 APE/ Ref—17F Z-A1 o
PNk Balth dAA §E i 4ARF 5, APE/
Ref-10] &€ ofdl=mfo]z] A (Fig. 3A, Adv—APE/
Ref-1)& Folgt nk9-A TIFol|A= APE/ Ref-10] 7t
AE)A] 9k whH control ofd|mHlo]E] A Folit(Fig. 3A,
Adv—Cont.) o|13= APE/Ref—19] 9guk-go] A2 vk
4] ekttt o]¥ st AHE2 APE/Ref—10] 5% o}

FX

A 4 h after I/R
R R T A T [T LI
L INOIME So kY e S T T R
h“' :Qt *‘{"“b‘k AL “ ...I : "' %
b .,.‘l . i X - 1} -
%.;-‘:' ’ :.'k: ol - 8 § et .:-_; ey
'-‘1,*' S v L N, o
B MASE AT R S O S
B SR % ¥ e e e
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) ._?a' L‘l . . ‘a S 'y N VA
B The number of AP sites

[

10 o

AP sites per 100,000 bp

Normal Adv-cont. Adv-APE/Ref-1

I/R4h

FIGURE 3. Temporal relationship between APE/Ref-1 and AP sites.
Amount of APE/Ref-1 was analyzed after transfection in immu-
nohistochemistry (A) at 4 hours after focal cerebral ischemia/re-
perfusion (normal, normal control; Adv-Cont., control adenoviral
vector; Adv-APE/Ref-1, APE/Ref-1 mediated by adenoviral vector;
I/IR, ischemia/reperfusion). Scale bar=50 «m. To investigate the
effects of Adv-APE/Ref-1 on oxidative DNA damage after I/R, the
striatum was subjected to quantitative measurement for nuclear
contents of AP sites lesions (B) at 4 hours after I/R. *P<0.05.

153



J Neurocrit Care | 2008;1:150-156

bl AE FEl S|E/A¥F T APE/ Ref—19] A E
modths 25 AAKEL PR EE APE/ Ref-19] 716&
dolr 7] S8 APE/Ref—10] 34 ofdllmulo]dAE F
%t 257 control Hlole| A TFolA SE/A T F A
314 AEg Ao W AP site 5 574317] 918 ARP
assay = Al&eith(Fig. 3B; normal, 1.82+1.72; Adv—
Cont., 24.50£7.10; Adv—APE/Ref-1, 12.84%3.90;
values are mean=S.D; #*P<0.05; n=3, each group). APE/
Ref—1 & ofdl:=rto]# A (Fig. 3B, Adv—APE/Ref—1)
2 EoJ3t 18- control o}dlxrle]E] A (Fig. 3B, Adv—
Cont.) E Folgt I5HT} AP site 7} 84 7ad
Aoz HFET) o]y e A= oftlimnolAE FE
APE/Ref—19] 7o) AP site® ARAZSS HolFrh

APE/Ref—1 J2&52 S5t At5} DNA ZA U NZIA} Hhof
S H/AATF T 2 ASIAER AR QIS DNA &4
off thafl #dHAH APE/Ref-12 &35 ®7] 93t DAB
ZAAG AN AJYSIct 8—0HAG &4 Az Az
T3 APE/Ref—1 &3 ofd|mnjo]gj A Fo % o= g/
AT 2447F 5 dZA el 8-0HAGE ¥guk-gol A °l
YehA] 952 Wb control ofdimrlol# A FolFe ¢
A5 B3 &, APE/Ref-1 §% OPH]LH}O]EL’:—E
oA control o}d|=rlo]g] A FoJTto] H|d| ABIAE A
21 %Sl 8—0HdAGY] EAAC=E F949 vt #&H
tHFig. 4, upper layer; 8—0OHdG; normal, 0£0; Adv—
Cont., 981.3+381.1; Adv—APE/Ref—1, 0+0) (normal

cell; normal, 2156.3+499.6; Adv—Cont., 340.6£146.9;
Adv—APE/Ref—1, 2267.2+298.1; #+P<0.001; n=5,
each group; scale bar=50 xm).

/A AT 12 2447 5 APE/Ref—1 &3 oblient
olglA FoIt control ofd|imntolE A FoftolA] &3
HAz My TUNELY ol5@MS F3 APE/Ref—1
o] v Wl AZIARE 97 vlwsiek Control
obel|:mnfol A Fojto| A= APE/Ref—1 ¥duk-go] A
& #FER] Qoo ME1A} ¥l TUNEL (green)
FARES AFE7F gFds] wEE STk AR APE/Ref—1
%?J oftlichfol| s FolitoM= S/ AUT FE 244

Fol = APE/Ref—1(red) drts Al3E7F 25 %10
ﬂ% TUNEL (green) ¥duhe-2 A8 HA=A] ooheh(Fig.
4, down layer; APE/Ref—1; normal; 2820+544.9; Adv—
Cont., 100+141.4; Adv—APE/Ref-1, 2850+=108.1)
(TUNEL; normal; 0=0; Adv—Cont., 2620+£443.8;
Adv—APE/Ref—1, 80£115.1; #P<0.001; n=5, each

group; scale bar=50 gm).

-

L.

APE/Ref—1¢] DNA E77]%
o] AZF AFE I QAN @A D
AAE B2 T WA oAl Slek o] AE
4 =2 v 3] ZElollq DNA 71535 &4 APE/
Ref—19] 3p3o] A4 AEg Ao whe DNA 3} A

4719 2

4 h after I/R
‘Normal {lAgw & & T || Adv- g ¥%7 D Nomalcal
: : =R e s X E 3000 - [ s-ohDG
- " ‘o Conte - .~ ||.APE/Ref-1 £
. : 3 2500
4 ) [}
o8 L e S 2,000
8-OHdG R " ﬁ 1,500 4
. o 1,000 4
2
z 500 |
[e]
o 0
Normal Adv-cont. Adv-APE/Ref-1
a 4000 4 APE/Ref-1
E 3500
€ ' [ 8-0hDG *k
JRet = 3,000 4
APE/Ref-1 S 2500
& 2 2,000
8 1500
¢ 1,000
2 500 ND *k
[e]
o 0 -
Normal Adv-cont. Adv-APE/Ref-1

FIGURE 4. Effect of APE/Ref-1 overexpression on 8-OHdG and DNA fragmentation after ischemia/reperfusion. 8-OHdG positive cells
are darkly labeled as brown in the nucleus. Scale bar=50 «m. In Adv-APE/Ref-1 group 8-OHdG positive cells are significantly decreased
compared with Adv-Cont group at 24 hours after ischemia/reperfusion (upper layer). Double labeling with APE/Ref-1 immunoreactivity
(red) and TUNEL (green) staining were performed in striatum. In Adv-APE/Ref-1 group, there was no remarkable TUNEL-positive cells
at 24 hours after I/R compared with Adv-Cont. **P<0.001. Scale bar=50 x#m. ND: not detected.
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FIAE Zolt}= AMAS Q=3

DNA H7]5& +53t7] flste] DNA &5 549l
APE/Ref-19] @A F42& OMPHPOIFHMH FEA
T} APE/Ref-19] 354 ofdmnfo]g 2 diuo] ¢
sto] APE/Ref—1& ZhIdAIzlon, o] & ] Az}
A 3o w2 A8t DNA &4 2322l AP site$} 8—
OHAG7} A 74591tHFig. 3, 4). o]&3t Axp=-o o)
] 38 § 584 DNA 48 358028 APE/Ref—1
9] 3 EWE Jehdth DNA &40 Has Al E A
ashs a9 Rkt (Fig 4).

AFel2] DNA &8 HAAAE 59 geloz & &
A QL O 7 Ak 5ok 7o) AakEl ROSY
AAAQ FAo] Q& YA o] Aol DNA
E7)5o] okslEd AkelA DNA &4 5 AP site7} &
Aty BaEgon 18 APE/Ref-1 &49 &43
DNA #4&d § st AXarbsie] dddsc] &
o] QA Ho] g #HNIENN wa oy HAuEd &
APE/Ref—1 a9 A7E 894 &4 disl) Reavds
Belth= dw B H9tk in vivog} in vitro G50l
}\1 ;?_j],\}alzq] 7}77]._?_ /\]—§]_}\Egﬂ}\}; 01}\] ) o7 APE/
Ref 1 d"ﬂié_]g ;\1_)&}\]7]]—/}:]* EJ__E]O']E}‘QZ[HZ 34 O]L.
APE/Ref—1 &7} ASAEYA T A< YA
&g Uit RsadsE 7HE AlAKeHT, APE/Ref—19
STVF ABAEY 58 e T8 93-S o S 9tk
vl‘___:_ g o]_}\]s]_r/}j%w%z

% Aol A ot imnto] AE ©]-85F APE/Ref—12] 4]

A4 Bk O (Fig. 1, 2) AIAEH A X5 AP site
(Fig. 3) &} 8—OHdG (Fig. 4, upper layer) 2] Z4AS =9
o AEZTALY 9Fduk-S-el TUNEL WS o)Aatqitt
(Fig. 4, down layer). ©]3= APE/Ref—19] & fA|ah=
7ol & d/A A5 o]F-el DNA 834 g
55 HolFr) o] A9E2 APE/Ref—-1 7P} 5184
AERE ABAEE A Y5S W8] HoE
TFst F520] HyOp0l wZd Al2Ee] A3 <
2121 DNA 45 71t AlEn|oFald oA o mnto]
= ARgel 32 A7) APE/Ref-12 23] AE7)%5
=0l o)A AFEL B Adnel dAFP

AEAS} A eHE 7535 FEsHs TNF- o577
A= 34 APE/Ref—1 whld AG91% APE/Ref—1
ok obdenlo] A AFETIE A R,
DNA 42 3184 Ha&gn B4t ol
= 4 DNAZE ofd WAYUFORE AEXIANE 4o
A WEeA] AR A AYTEE dolA Bk

=

[ J¢ ol H

osio 12 ru to ® Ho 8 R
A

(
1_4
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& E7F He 319 A€ DNA &go] AlZaApt
st AR oR WolgelA L Qe
2 Qe ool AE 085t APE/Ref-19] 3

] AL FEAIFCH, o5 Fdl DNA
A9 AE AL AT E "ol DNA BAEdEA o] oA H 3

thi 33tk 0% BH) o] i B FREL
A APE/Ref—19] 315} v)sto] APE/Ref—17} A7
992 uel F o g fa AEIAL AEE vlLsh QT

7} FdlEojof & Aow AlgHh B oo ARELS
DNA Haavid 7}~o~ & AA] B19aL, DNA 458
o] o] e & E/ AT o]F-2] 584 DNA 434 Al
SEAARENH ARAEE A7 HEAdEE olslleket &
o] & Zo7 7ydch
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