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Expression of Apurinic/apyrimidinic Endonuclease and Neuronal
Apoptosis in the Striatum after Treatment of 3-Nitropropionic Acid in
Mice

Kyuong Joo Cho, M.S., Doo Jae Lee, Ph.D., Byung In Lee, M.D.,
Gyung Whan Kim, M.D., Ph.D.
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Background: 3-Nitroporpionic acid (3-NP) is an irreversible inhibitor of succinate dehydrogenase in mitochondria
and can induce apoptosis-like cell death in the striatum. It has been reported that oxidative stress plays a role
in the 3-NP induced neuronal damage. 3-NP induced striatal damage is implicated in the pathogenesis of several
neurological diseases, such as chronic neurodegenerative diseases and stroke. The DNA repair enzyme,
apurinic/apyrimidinic endonuclease (APE), is a multifunctional protein in the DNA base excision repair (BER)
pathway. To clarify the relationship between APE and neuronal cell death associated with the apoptosis in the
striatum was induced by 3-NP in vivo.

Methods: After intra-striatal injection of 3-NP, expression of the APE protein and mRNA were evaluated by
Western blot, immunohistochemistry, RT-PCR and DNA fragmentation patterns. Oxidative DNA damage was
investigated by detection of oxidized DNA, AP site and superoxide.

Results: Expression levels of APE was rapidly reduced as early as lhr after injection of 3-NP. DNA fragmentation
was observed 24 hours after 3-NP treatment but not 4 hours. APE gene expression was increased to lhr after
3-NP treatment. The number of AP sites were reduced and the reduction of APE proteins were blocked by a
superoxide scavenger, MnTBAP-treatment.

Conclusions: These results suggest that the reduction of APE is the preceding event of DNA fragmentation that
causes apoptosis and a decrease of APE may be induced by ROS after 3-NP treatment.
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gste] Al FAKnecrosis)E S WE oft)e} Al ZAEAL
(apoptosis) F3F 7]1& BASIAZILE ™ 3-NP= v]ERE 2|0}
O] AR} AEA F4 5 Complex 1T (succinate dehydrogenase)
g urjelEoR olalslo] oAl FHEA F1Hol olat Al
A (cell death)S Yo7 Zato|= EAlolt}t ! 3-NPoj 9]
off e WS Algo] e dYE 5 AFRE A A
9 F=9 B AAl =Y Al A0l =3tE= 54 UEh
Ui QA NS Bk ol2jdt B & Q8| 3-NP
ABERYE A F sl AEET =SS ke Ad
E‘?-loﬂ AMEEAL, w|EFEg]o} o A] AR &5] St
e 34 SEA g B mdl AgEw gkt 3R
=4 TA o] HHAIEHs THESE SAAAEL. caspase?} THAE
AIZAEAL 59 710 BAsiiny” sheshAl AR SAgAt
20 O3t DNAS| &4fo] BEFEA] oFs A, Al &35
ekt AT TS fuelel MRS fat
O ubg Ejg g 9 WsTel A K24l AISHY DNA &
AR S|4 AT Aol $03 BHolol, IFHOE DNA B
Xé(ladder)?ﬁ %‘?_P }L Aﬂ:@x}w}ﬂ 0101%} % A
o LT
o] FAE]|T, o]i H LA = HEog SO
W02 %A 595 9 oo, £ Keubleha) 4
Ro 248 Uos|t B Awﬁﬁ:—q 271 517 DNA &4
o FI% el 7Mo% DN 27 A% 27T
DNA E-84:Q1 APE+= ﬂﬁ d A
A%l AP (apurinic/apyrimidinic) siteZ W’é‘}% base excision
repair (BER)E ‘:‘EPOPL Tl chla gaol) ¥ o] B
of w=r A3z 4 5 APE U et AlZAPEAR T WAek
o] Qlrt &, j_#i o], AxfEE el w2 o] g
&4 24l(cold injury) SolA DNA 24 @e] UeRtr] Heoj
APE thii o] zhawch P A 3o n|eRsalolo] ZAs}
= superoxide dismutase (Mn—SOD or Cu/Zn—SOD)+= A
H 0,8 AT RA S AEHAE AT, o] <)
3 DNA Bt o] 94535 7145 UR|sie] A2 05 DNA £
AHPA 9 AEZAEALE PRIFcka s gl
2 AFollA= A=A é—%% Ydo7]= 3-NP A
T AZAA DNA E1a49 APES] WHIE dolR 1,
superoixide AAA Q] MnTBAPE HAAX|gro 2 x yAJAIE
A AF(Reactive oxygen species)©| APE W&o] njx]=
FFE A EIA S oS Sl nlEZE=of oy A
Fioll & TExog Sulsh= g A4 A 2sht &
49l HEF SOl Alehd DNA &35 avpaos A=d 4=
o] At g=Ao® AlZAPES HAIE 5 Sl 7]
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125 % ICR PR AREE), $2U35-40 9 A
Sl AR 717§ ARG B 231270, A 5 55+

10%S §-A3laL A=} _«,_g Ea S 4 -.‘%‘-EO] .J_:’-b‘}—q— RE AlF

3—NP (Sigma, ST.Louis, U,S A,)+= 400 nmol === PBS
of &2l & pH 7.4% AASIUT} vAL isoflurane 2 &
Q) ul3|3}al, stereotaxic machineo] 114 & nhQA0] Az
A(YZ; 0.7 mm, =5 2 mm, Z°]; 3.3 mm)o] 3—NP 200
nmol (pH 7.4)S Hamilton syringeS AFE3}o] 214 F15}+
Ak 3291 F 308, 1A17E, 4A17h, a1 24 AR F 22

R AETHE St AXRAE Zqi@}"% A¥of] AMESFHTHn=
5). A9 Al FEo Al F AE A 2GS AN
ato] 87+£0.5CE A8kt

SYAAE AR ELE MnTBAP (Biomol, PA, U.S.A)E A}

A 4

£5]931, ubiquitine—proteasome system®| JA|ol= AAA|
2= MG132 (A, G, Scientific, CA, U.S,A)E ARESIGL) 2219
AA| A= 3-NP 54 30+ Hof| |4 (intra—cerebral ventricle)
(F1%: 0.2 mm, 2% 1 mm, Z°l: 31 mm)E Hamilton
syringeS A}85}10] MnTBAP (100 ug, n=4) (Biomol)2} MG132
(50 ug, n=3) (A.G. Scientific)Z F¢aFict.

2. APE W9z}l

3-NP AR F A421e) Al a%sm, =7 A2

W2 S ANE SA5to] 2 AIRINER 3.7% parafor-
maldehyde® AR ¥HF 1AL AHEI oleAo] HE
vibratomeS AFE3I] 50 m FAE HHESIACH FuH|E 232
A¥-L2 Anti—human APE rabbit polyclonal antibody (1:300)
(Novus Biological, U.S.A )9t WEGAIZl 3 biotinylated
anti—rabbit secondary antibody®} ©]X} HFS-A|FTh Avidin—
biotin—peroxidase &M (Vectastatin, CA, U .S A= X7 &,
DABRE HMAA]7|3L Aoz st
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3. Western blot 24

3-NP ¢ & Z} 2212 lysis buffer (20 mM HEPES—KOH,
pH 7.5, 250 mM sucrose, 10 mM KCI, 1,5 mM MgCly, 1 mM
EDTA, 1 mM EGTA) 2 #2A13}8}a1 47, 8,000 gof|A] 208 =
oF AAEER & AFAS Heslgtkn=5)."

a5t AL Bradford B2 Aesla A7 A55 &
PVDF membrane®] transfers}$itt, 12} 3|2 APE (1:1000,
NOVUS Biologicals) & ARg3}o] HES- & horseradish peroxi—
dase 94 o|xFAZ WES-AIA ECL Plus (Amersham Life
Sciences, Buckinghamshire, UK) kit& ©|-&3}o] HEof 7t

FAA A&
4, Superoxide A&

1A ¥r3ESE Hydroethidine (HEt) in situ detection R
S 0]439ct® Hydroethidine (HEt, Molecular Probes,
OR, U.S.A.)< 500 mg/ml E0] goloa W= o] gof
200 18 8-NP %] 3A1} Slo]l Huo FARslel, 141t %4
FES YAAT” 14 H H)E vibratomed 0]-§3}0 5

me] 2 ehfe] GAn Ao ALt 9 aﬂ%
Hoechst 33258 (2.5%10"° mg/ml in PBS)S o|-&3}o] T3
Act

-

5. A5} DNA9] A& U DNA &40 A

T4 AHS AL 5 DNase—free RNase (Roche, Mannheim,
Germany)2 Y¥hSA|7]13l, 4 N HCloA] ®AZAIZ] ¥, 50
mmole/L2] Tris—base® &SIt} &A|2] biotinylationd}
blocking®Hy &, 8—hydroxyguanosine U} WEE 314
(1:300) (QED bioscience, CA, U .S A )E HF2A|Zth DAB=Z
EIE PRI el B R B

3-NPE A et HxA|7} ZefshA] oh2 H=x2]9] DNAE
E%F $(0D260 nm/OD280 nm2| Hl:&o] 1.8 o4} Hw=s) o5t
=|%2]9] DNAS DNA &4 A A&

Dojindo molecular technologies, MD, U.S A )S ALg35lo] A
&l9ct, ARP (Aldehye Reactive Probe)® X%l DNAZ
1 HRP—-Streptavidin 292 ¥of ¥k
AIZIAL, 71 Gte H7IRE & ohA] gh Wkg-Ste] 650 nmo] 1}
Aol FHEE SHE " Ak ARP-DNA E2T4S
o]831o], 10° nucleotide T AP site 42 LFERHICH

-5,

7]|E(AP site counting,

microtiter plateo] @

512 J Korean Neurol Assoc Volume 23 No. 4, 2005

6. DNA EA(fragmentation) & Y DNA laddering

3-NP #z] & %2 HHG o] 3.7 % terminal deoxy—
nucleotidyl transferase (TdT) buffer Az & TdTQ}
biotynylated 16—dUTP (Roche, Mannheim, Germany)=® 3
Z|&}6] Terminal deoxynucleotidyl transferase—mediated
dUTP-biotin nick end labeling (TUNEL) QA< &}gc}

3-NP %] % 4, 24A17t 5, AZA|E proteinase K& 3E35}
L lysis buffer (1X SSC, 1M tris—Cl, 0.5 M EDTA, 10% SDS)&
Z|2Jgt & phenol:chloroform:isoamyl alchohol (25:24:1),
chloroform= *|2|3}%] genomic DNAE F&35}4ch dojA
DNA 8L 1 8% agarose gelof|A] A 7|95 TS ethidium
bromide® @AI5te] 2 AZithE DNA ®48& glskiet.’

7. Semiquantitative reverse transcription
polymerase chain reaction (RT—PCR)

x| 220 A AA| RNAZ guanidine isothiocyanate, phenol,
and chloroforme ©]838l0] &3 & cDNAE FHAJslaL o]
£ F¥ L% PCRE I3 thHn="7). APEC|| thgt primer=
NCBI (National Center for Biotechnology Information)2]
nucleotide database]|A] A& == cDNA sequenceS -85}
o] AA5}t Semi—quantitative PCRE 30 cycle (94°C for
30s, 60C for 1 min, 727 for 1 min)-& $~3Y5}4] 1% agarose
gelo]] A7]1%953}L ethidium bromide® FA4}to] APEL 949
bp, GAPDH= 285bpollA] bandS T3}t JAFE TR
TIRH(TINA)E ol-&sto] g EA%t &, GAPDHS} H| a5}
APEQ] A& ol ura=ke AXlstaict

8. T4

T} 242 Statview (SAS institute, NC, U S A,) TZ1
L 0]-835}9 ) Fischer's post—hoc testo] 2]t analysis of
variance (ANOVA)E ARESH], pfro] 0,05 ujakd o oju] Q)
= A& ATt

oy

= 4

1 3-NP AXol o3 APES] F2e 7ich HzA| ¥
#e] 271

AdzA|e] S 3-NP ¢ 1A[7holls A WaE=A] ¢hal,
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Figure 1. Striatal lesion using cresyl violet staining after 3-NP treatment (A), quantitative analysis (B) and temporal profile of APE
protein reduction using immunohistochemistry (C). APE expression is significantly decreased as 1 hr as early after 3-NP treatment
but striatal lesion profoundly occurred 4 hrs (B). %; APE-positive cells to total striatal cells (@) and percentage of lesion volume
to striatal volume (H). scale bar, 50 pm in A, 30 um in C. Western blot analysis (D). APE protein is identified as a band at 37

kDa in the whole cell fraction. Beta-actin used as an internal control.
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Aol AxA|9] of 53%°] st HRle] W, 24
ARt 70% A719] o] WEERILH0+0, 0+0, 0+0,
53.75+3.09, 70+2.94, mean+SD) (Fig, 1-A), APES] 35t
HAHA A= 3-NPE A2t | A=A oA 1ARF o] %
o= HAHA o 23t FS Hol= Ao 7t A3 A
tod, 4rRtolls 4ol 23%, 12]ar 24417 o= e 18%
Arrto] AMEATH30 min; 95,75+2.75, 1 hr; 37.75+
5.98, 4 hrs; 23.75+6.86, 24 hrs; 18+6.48, mean+SD)
(Fig. 1-B, Q).

of

TH(80 min; 100+9,25, 1 hr; 52+11.8, 4 hrs; 53,37+13,46,
24 hrs; 51,6+4.82, mean+SD) (Fig, 1-D), YFH internal
control?l f—actin AJ7tof| TA|Glo] LA slA WEE= Ao

2 wo} U o] wao] AGEULS Blslgict

2, BEEF] O3F DNA &A1 MnTBAPO] 23t o]

3-NP A& 4A]7F $-o] iR AzAo) A= IYAJH super—
oxide anion radical (O; " ")ol| 2|5} AkslE HEt7} 51 (gt
Aol FH Y= v wol EEHo] gl Zlo] wEE gl
(Fig. 2-B). MnTBAPE A 2|3l 0. & AAS wollAe 8
T919] AlszdofA] F-2219] Aeke HEt= 7 o] TaEA] gl
th(Fig. 2-D).

BT o) WYEE AP siteB 23171
ARP assay s 3t 21}, t2+-2] DNAYA= 10° nucleotide &
AP site®] =7} 5 o]al= Uk ¥, 3-NPE A2] §F ¥ x2]<]
DNA©J| A= 3042(5) 1} 1A17K8.5)71A] A2 #£O0 = AP site9]
$7F 2718 A1 29 tHcontrol; 1,64+0.31, 30 min;
4,97+0,53, 1 hr; 9.284+2 .12, 4 hrs; 32,46+1,4, 24 hrs;
36.34+1.16, mean+SD) (Fig. 2—B). 1|1} MnTBAPE A
2]t ol A= AP site®] 7} 20 MREe 2 LEFgTH(vehicle;
36.34+1,16, MnTBAP; 19.01+0.76, mean+SD) (Fig. 2—C).

5-NP <] 4X12} 7, 8-OHIGS| WIQIH] Az}, uis A
2A|9] °F 40%9] A7} 8-OHAG Y= Ukttt Hh,
MnTBAPE A 2|3t wollAl= 4514 DNA &4 Y& A7t
10% ulgko.@ FEE|9tHyehicle; 39.65+12.16, MnTBAP;
6.3+2.76, mean+SD) (Fig, 2-Ds, Ds) (Fig. 2-E).

MnTBAPE A Az|stal, APE THHA <] i ojRE
Western blot 22 3018t A3} vehicleRHS X 2|3t ollA=
3-NP A & 4AJ7tol|l A APES] Tl ¢Fo] 50% o) & 3
25 HtkFig. 2-F). 134 MnTBAPE FU?F wollAe=
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Figure 2. Comparision superoxide production (A), AP site (B),
oxidative DNA (E) and APE expression (G) between
MnTBAP- and vehicle-treated mice. (A) ROS production is
detected by oxidized hydroethidine signals (red). Oxidized HEt
signals in MnTBAP-treated mice are significantly decreased
compared with vehicle-treated mice. (B) Induction of AP sites
in nuclear DNA after 3NP treatment is increased . (C)
MnTBAP-treated mice shows the lesser number of AP sites
than that in vehicle-treated group. (D) 8-OHdG -positive cells
are darkly labeled as granular particles in the nucleus. scale
bar, 50 pm. (E) 8-OHdG-positive cells are significantly
decreased compared with vehicle-treated mice. *p<0.001. (F-G)
Treatment of MnTBAP blocks the decrease of APE protein
level. *p<0.001
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Figure 3. Spatial and temporal relationship between APE
immunoreactivity and TUNEL after 3-NP treatment. (A1) Cells
in the contralateral striatum show prominent nuclear APE
expression. (A2) Cells in lesioned striatum 4 hrs after 3-NP
treatment have faint APE expression. (A3) TUNEL-positive
cells are not detected 4 hrs after 3-NP treatment. (A4)
TUNEL-positive cells are widely distributed in lesioned
striatum 24 hrs. (A5) Double labeling of APE (arrow) and
TUNEL (arrow-head). TUNEL stained cells are not shown for
APE immunoreactivity, scale bar, 50 pm, A. Temporal profiles
of the percentage of positive cells and TUNEL-positive cells
in the lesioned striatum. TUNEL-positive (@) and
APE-positive cells (). ‘p<0.001(B), Genomic DNA analysis
by DNA gel electrophoresis shows a ladder pattern in the
striatum at 24hr after 3-NP injection.

APE o] 727k WAIEjo] A hess} Ae] ulgegt e
2 YEPGtHcontrol; 100£17,7, vehicle; 50,0489, MnTBAP;
151,1+8.8, mean+SD) (Fig. 2-F, G).

3. APE9| o] mE NEAE

. 4X)7toll= TUNEL-FA AlszEo] AL ot
= TUNEL Aol oJal aLAke
Aol 7t 343 Z718Arh69.25+15.69, mean+SD)
(Fig. 3—A3, A4). T3t 3-NP % %] 24A|7} & TUNELZ} APE
of A3t o]F FA A3k, TUNEL /g A7} EdstA #k
Ao M= APEe] <]t Eﬁ@ﬂ“’w% s TEEA] A9k
(Fig. 3—A5, AG), RPd APES] tfgt Ao HHRkSo] Lehd
Az A= TUNELO] oJgt AAe 73] o]Fojz|x] adoprt
(Fig. 3-B).

3 DNAY| 54§92 TSt Ak
oA DNA 24 f3o] HHER] ok Wi 2447k A]
DNA 572 93o] whzt

52
=
=
[0je}

w
a

4. 3-NP A 23 APE il
ope] s}

%] W3}t mRNA

A M  Nor 1hr 4hr 24hr W

GAPD}

0.0

Mar 1hr dhr 2alwr

Figure 4. Expression of APE mRNA level in striatum after
3NP treatment. (A) Semi-quantitative RT-PCR of APE mRNA
is performed in the striatum after 1 hr, 4 hrs, and 24 hrs after
3NP treatment. (B) Its gene expression is presented by
quantitative graph, B. *p<0.001
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Figure 5. (A) APE Western blot analysis. MG132 pretreatment
prevents reduction of APE: Ctr; contralateral striatum, veh;
vehicle-pretreated striatum, MG132; MG132 pretreated-striatum.
(B) Quantitative analysis of APE. *p<0.001

APEQ] HA} SofA] dHe o] HE 32131 A3} APE: 949
bp f1x]eflA ER1EI3, GAPDH= 285 bp ]2]oflA Q1= 8L
CHFig, 4—A), APES] H312F Ial2 3-NP 2|2 5 1A]7to] 7
A izl Blsl Sk HAlaL, 4xftolle asto] 244]
Zroll= AAF el 2] mRNA Eréafy) vl o208 1 W
o] A%t normal; 1,010,091, 1r; 2.73+0.21, 4 hrs;
1514011, 24 hrs; 0.87+0.033) (Fig, 4-B).

Proteasome inhibitior¢l MG132& *|2|$o & APES] E3)
7} WA 2] :=2]& Western blot £4 0 & 3913t A3} MG132
£ AAA] 3 ool A APES] a7t 80% o) WAIEE A
o] ZlE@itHcontrol; 100+17.7, vehicle; 50,0+8.9,
MG132; 151.1+8.8) (Fig. 5-A, B).

I E

2 AoA= nEZEgof A 542l 3-NPo] o) &
2 A ER A WRollA] DNA ERa 4l APES] 43 &
2= 57 7119 A7t o]ojx|= AlzAtE
T8 7IH e 28RS Hth o7l & AR o ATs
of ofs ZAZE AA, whe-0] AxAof 3-NPE 5
2 GAJAAZTo] WSk, WAE SRJALAZ]| oJd) AlEH
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o] ¢l A|FEof| AWl TUNEL ¢IA

3-NPof| &Jgt H2A0] AZA|ZAFE
Ao OJgt Alsl AEFH AL AR *@7—}5}1
o}, » %% 3-Npi HjoFE AAIZA A7 El3A
FEsho ol2f3t 3-NPoj| o5t AR EHAY MEAMEL T

WAL AReL Tlmo] AlEAfEA] offt Atz A Q)
t} 5®% ggog 3-NP: o]2]dt A|ZAPHEAHapoptosis) @t
Pl GFHAES] Baxth Bel-29] HETE Qo] glon, ®
3l o]#st GARS 0] UHo| o3 GEE= DNA £3 A}
4, DNA £/go]] o]k DNA % g 5o) e LR
SRR o] WETtE 72 olto] gl

codingdl+= =
A QJER 7T 1 Aol APES] Tt Wl ATl AZAE
AzA| o] akE= A7l 4A7EETE o] - AI7FRI 14]

s
ol olu] APE7} 50% JmwrA] aldths ARS Slskalrt
(Fig. 1-A, B, 0). 0]2& A|7HE oz AzAoA] APES] 24
o] hezs] Al SgolLt AREo] QIgt ol24Hel o] ohfzl,
AMlEAREe] AdEls )l AR 28 7RsAdel Slth
Western blot H4]4}, 3—NP X% 3?— Al7to] A o] ulel APE
o] thul A oFo {A|7HEE] FAF| 7FA5l0], vehicled 913
nR-2:0] MzAlof Blsh 21 ¢Fo] Bhollal(Fig, 1-D) o] AREE
HASFSHHAL Aatel L)),

3-NPREIE <lat ulERERjole] 7] o4k w9l g
ARz Hl-Ag/\]?lE]—J_ 3=, 2 /\‘3401]/\15 HEt in situ

o] TE A& QOJ%}ME}(Flg 2-Al, A2) =9 /\]Z_l-OﬂJv] 3}
2:30] oJaf £AFE] o] DNAQ] ¢17]7F A7 E AP site 9A]
o9 FA] HAEE A RIS I(Fig. 2-B), 8-0HdG ¥
A At o g O] &4 DNAZF A5k 21
ﬁE}(Flg 2-D). & AgolA o] ZIE2 3-NP A4
ZA|oYA] AZAES] DNAZE AF51A] 4fo] HhgElch=
LERdTE, E5o] 2 Adeld 0,7 AIAAIQl MnTBAPE
|3t LollA O," ol ol AlElE HEt: A o] o} & 2=
QIL(Fig. 2-A3, Ad), AP site JA] vehicle A 2]l H]s
o(Fig, 2-C), 80HAGY] 2]3)] JME]=
AlEZ 9 APE Thild oFe] e AAEYIchFig. 2-F, G). o]
3t Autg =24 By 1ws| FAE SAAAZ] 9%t
DNA £ARS APEZ} Eisichr), A7ko] o] whe} DNA 4
&S % WobA|aL, o] weh APES] B 750l A7E
& Al MZEAEAE R slow 2AE 2 Y 4

x,
P
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