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Treatment with MnTBAP Protects Against Early Nuclear
Translocation of Endonuclease G and Reduces Cerebral Infarction

after Focal Cerebral Ischemia/Reperfusion in Mice

Hyun-Woo Kim, B.S., Kyoung-Joo Cho, M.S., Hyun-Jeong Kim, M.S., Yang-Je Cho, MD.,
Byung-in Lee, MD., Gyung-Whan Kim, MD.

Department of Neurology, Yonsei University College of Medicine, Brain Research Institute

Background: Reactive Oxygen Species (ROS) have been implicated in the pathophysiology of brain injury after
ischemia/reperfusion. Recently, it has been reported that endonuclease G (EndoG), a mitochondrial protein, is
activated by neuronal excitotoxicity and translocated into nucleus inducing apoptosis. However, it is not
elucidated whether ROS are involved in the nuclear translocation of EndoG in focal cerebral ischemia/reperfusion
in mice. We investigated whether treatment of manganese tetrakis (4-benzoic acid) porphyrin (MnTBAP) protects
against early nuclear translocation of EndoG and reduces cerebral infarction after ischemia/reperfusion in mice.
Methods: Adult male mice were subjected to middle cerebral artery occlusion (MCAO) for 60 min, followed by
reperfusion. Immunohistochemistry and Western blot analysis for EndoG were performed at various time points
after ischemia/reperfusion. Double staining with EndoG and Terminal deoxynucleotidyl transferase-mediated
biotinylated UTP nick end-labeling (TUNEL) was also performed. MnTBAP was used to determine whether the
production of ROS could inhibit translocation of EndoG into the nucleus.

Results: Western blot analysis and Immunohistochemistry of EndoG showed that nuclear EndoG was detected as
early as 4 hrs after reperfusion, and mitochondrial EndoG was significantly reduced at the same time. Double
staining with EndoG and TUNEL showed a spatial relationship between EndoG expression and DNA fragmentation.
MnTBAP-treated mice showed that the translocation of EndoG was attenuated in comparison with the vehicle-
treated mice and decreased infarction volume after ischemia/reperfusion.

Conclusions: MnTBAP reduced the generation of ROS, and inhibited the early translocation of EndoG, which was
followed by the reduction of infarction volume in the ischemic brain after ischemia/reperfusion.
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Inc,, Ithaca NY 14850, USA)E ARSIt

)

rrt

2. EndoG A&L 93t Western blot analysis

Z A8 50 mM HEPES (pH 7.4), 150 mM NaCl, 3 mM
dithiolthreitol (DTT), 2 mM sodium orthovanadate, 1 mM
EGTA, 1 mM NaF, 1 mM phenylmethylsulfonyl fluoride,
1% Triton X—100 ¥ Z+Z} 5 mg/ml2] leupeptin, pepstatin
A%} aprotinin (Sigma, St Louis, MO, USA)o] H7}¥ 2}71-8-
WA} SFHo A FASA R EZER o/ A2
4TCoNA 102 FF 750 x g2 ¥4 2t & T AHES v
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5lo] 4°ColA] 258 E91 16,000 x g2 YA Halslo] n|E=C 7]
of B0 AMGSIYLE " EndoG TFEEA A|(1:1000;
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plus kit (Amersham International, Buckinghamshire,
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2 16A17F E¢t & 1S A7) a1, AR Wj7bA] 30% sucrose
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Elite ABC Kit (Vector laboratories, Burlingame, CA, USA)
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Sigma, St. Louis, MO, USA)S & HIHA|F O methyl
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5.7% ERAYIER BEF T WS ABolr, 4EH e
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Glo] 2o 24| B AHL feT 9ol ST WvHoR
kst & o 2G-S Hoechst 33258 (Molecular Probes)
= AM88H3ITE Oxidized HELO] W 2ot sffed 2418 9fsh
computerized digital camera system &3 du|7(Ex=510—
550 nm, Em)580 nm; BX51, Olympus, Tokyo, Japan)< A}
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USA).

6. EndoG®} Terminal deoxynucleotidyl
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EndoGo} DNA EA@A40] 5o $Ix|o] Washexg 3k
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Figure 1. Western blot analysis and Immunohistochemistry of EndoG. (A) EndoG is detected in subcellular
fractionation by Western blot analysis. EndoG is time-dependently translocated from the mitochondrial fraction to
the nuclear fraction after ischemia/reperfusion. (B) The quantitative graphs show the optical density values of EndoG
in the mitochondrial and nuclear fractions respectively. COX, cytochrome oxidase; M, mitochondrial fraction; N,
nuclear fraction. (C) EndoG is also detected by immunohistochemistry in a time-dependent manner. EndoG is started
to appear in cytosol region and showed in nucleus region at 24 hrs after ischemia/reperfusion. a-b) EndoG is not detected
in control and 1 hr c-e) Nuclear staining of EndoG became prominent at 4, 8, and 24 hrs after ischemia/reperfusion. f)
The percentage of EndoG-positive cells is shown in graph. Scale bar = 20 um *p<0.05, **p<0.01.

atolct, &3 ¥i= brain matrixg ©]83to] HEFEEEH Bl F AT 7ke] 2ol ¢ testE B3l BAF T (Stat—
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Figure 2. DNA fragmentation after ischemia/reperfusion. Immunofluorescent double-staining was performed for
EndoG and TUNEL. EndoG is mostly colocalized with TUNEL at 24 hrs after ischemia/reperfusion. EndoG in
control group is exclusively detected in the cytosol by confocal microscopy. In contrast, EndoG is colocalized

with TUNEL (arrow heads) in the nucleus at 24 hrs after ischemia/reperfusion. Scale bar = 10 pm.

7Ho] frol# Aol QISiTh%: WA 108 A, 100+0, A
102 3 20.6+14.1, A2 108 3 96.6+9.4, n=13, mean
+SD).

2. Western blot £49]|A] EndoG2] & ] ¥3d=7}

Western blotZ ©]-85}0], EndoG2| A|7ho]| w2 e W)
e P, ofE B AE ol o Hzoly
35 kDa Aj259] ehifo] nlEEEelolel o ReoH F3lo]
PaE|9icHFig, 1-A), Figure 1-Bol4| Holo] Ehe ofe]
BndoG7} 4} 28] nEREzlol HeolHE BAERe
W, #E L AR T ALl Aol ujeh $ALeR o
ZaZE R tHoptical density (0.D.). : 0 hr, 10.0+0.19; 4
hrs, 7.1+0.53; 8 hrs, 5,6+£0,38; 24 hrs, 4,44+0.56; n=5,
ANOVA, p€0.01), Y ¥Hx29] 3 Ho& ARsIG=t, 3
g 9 B[ T AIZko] Age] et v EF =20 EndoGo
wel o] gashs ATE Mo A Ue W
BndoGS] e W2 AR W2l ula) BATHCR o
St =715 R THOD: 0 hr, 1.54+0.5; 4 hrs, 5.1+1.0; 8 hrs,
6.440.9; 24 hrs, 10.7+1.0; n=5, ANOVA, p < 0.01) (Fig.
1-B).
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of e 2AIATHFig. 1. LAF FAE AlLfstaL A2|et =

Aol el Wkgo] 8 TEEIA] Yok(data not shown)
Ay H27 (Fig, 1-Ca)h o E 2 AR 1A ol {2 u)
£4(Fig. 1-Ch)oIA EndoG We] wh5o] Ao] g7 o
Spck, whel oE L AU A SE oA 5
W EndoG2] W9 ¥k2-o] el (Fig. 1-Cc: open arrow
heads), A|lZA%= 9A] EndoGo] WY Whgo] = ict
et olgt WY Wl M-S Hel AlZES FEEH e
= oF] Eolakglo] #aE 2] okth(Fig, 1-Ce). 318 9 A
TG & 8AIZAILE] EndoGoll tidt & ) oA vkgo] HH &
7Vt a1 (Fig, 1-Ad, black arrow heads), 24A]7HR|of= SFE|
s og P4 WIS Hole A9 RE AN FHojA
EndoGoll 3t /g ®hEo] F3lo] &= Uck(Fig, 1-Ce).
Figure 1-Cfi= T9IHAT 4| AlZo]l thgt EndoG /3 Al
o] 5 MEe= FAS Jzoln, 3 9l Ao o] 24
AZ7HA] 3 W EndoGo] @GS Algto] Aol whet F1ek
2 313 4= QAT hr, 7.24+0.3; 4 hrs, 26+0.5; 8 hrs,
38+0.8;, 24 hrs, 74+0.9, the percentages of nuclear
EndoG—positive cells, n=4) (Fig, 1-Cf).
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g 2l W& AAF HA A= EndoG 4 AlESE
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Figure 3. The effect of MnTBAP on ROS production and on an apoptotic cell death. (A) The representative
photomicrographs show the production of superoxide radicals by the detection of oxidized HEt in both the
MnTBAP- and vehicle-treated mouse brain at 4 hrs after ischemia/reperfusion. Oxidized HEt signals express in
red spots at perinuclear sites and profound increase of oxidized HEt signals in the cytosol are observed in the
ischemic brain of vehicle-treated mice. In MnTBAP-treated mice, oxidized HEt signals are observed slightly
increased cytosolic expression in contrast to the vehicle-treated mice. The lowest panel shows quantified values
of HEt signals. MnTBAP, manganese tetrakis (4-benzoic acid) porphyrin; HEt, hydroethidine. Scale bar = 10 um.
(B) Inhibition against translocation of EndoG and cell death after MnTBAP treatment. EndoG expression was
compared in the MnTBAP- and vehicle-treated mice at 24 hrs after ischemia/reperfusion by Immunohistochemistry
and EndoG nuclear translocation was decreased in MnTBAP treated group. Lower panels of vehicle- and MnTBAP-
treated group in higher magnification. Scale bar, 50 pm (lower magnification); 10 pum (higher magnification).

5. MnTBAP MzjZolNe] sksh ol ate] oA

T Fol 22 Al AoA] 48k hydroethidineo] HF
YA} P2 e =d(Fig. 3), YAIA 318 F= F 4A7F
“Jefloll A vehicle A2]to] 3E FQlolA= AFSHE hydro-
ethidine®| AAF o=+ (Fig. 3, Normal control)X} H|xl A
&3] Z71 WH(Fig, 3, Vehicle+ I/R 4 hrs), MnTBAPE
Aelgt (Fig. 3, MnTBAP+ I/R 4 hrs)9] W 59| A5}k
hydroethidine= A4 F9lol ®ls) HE= F7FstA] oot
MnTBAP A 2|33} vehicle X 2|t Atolofl oJu] Ql= 2}o]
£ X 9 tHnormal control, 50,82+8.6; vehicle+I/R 4 hrs,
44409.52+ 6869.8; MnTBAP+I/R 4 hrs, 3142 56+797 4;
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mean+SD, n=5, ANOVA, p<0.01),
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e wt(Fig, 3)ollA] WA 5} s Ma TUNELS £3] EndoG
Tl Ul m) A ZTARE Bkt MnTBAP A 2|toll A=
EndoG 3 U] 00| vehicle X|2]2(Fig. 3, Vehicle+ I/R 24
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Figure 4. The comparison of infarction area between vehicle- or MnTBAP-treated mice. (A) Scanned representative

images of an entire TTC were stained in ischemic brain sections. The infarcted areas remain unstained (white).

(B) The graph represents quantified infarction area in two groups.

2|7 vehicle At HFOA WAEZA] ghGtrHdata not
shown)., TTC @A B34 ZF «17He] Wl 37|1& v|wst
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