ot TELE K| 16(5) :689~696, 1998
ZENF cHee| Unpd FE R QI HRT
MZAEHUA OIXHBrain-derived Neurotrophic Factor)2]
FHXR} s 5

OATHED ojnicket

1SN 12257044

[kl

el - DY - 29 - olchs]

The Expression of Brain-derived Neurotrophic Factor mRNA in
Transient Cerebral Ischemic Model of Gerbil Mouse

Min Kyu Park, M.D., Ph.D., Seung Beom Koh, M.D., Ph.D.,
Kun Woo Park, M.D., Ph.D., Dae Hie Lee, M.D., Ph.D.

Department of Neurology, College of Medicine, Korea University

Background : Brain-derived neurotrophic factors(BDNF) is critically involved in development and maintenance of
the centrzl and peripheral nervous system and the expression of its MRNA increases after various insults such as
ischemia. Tf one takes the protective role of BDNF into consideration, it would be important to understand the mecha-
nism of induction in BDNF mRNA. Although previous reports suggested the relationship between activation of N-
methyl-D-aspartate(NMDA) receptor and induction of BDNF mRNA following ischemic insult, the mechanism is not
clearly understood. Methods : In this experiment, in situ hybridization was used to study expression of mRNA for c-
fos, heat shock protein 72, and brain-derived neurotrophic factor in the gerbil brain after 15 minutes of forebrain
ischemia as well as with MK8O1 pretreatment before ischemia. Results : Transient ischemic insult caused the induction
of c-fos and heat shock protein 72 mRNA expression which partially blocked by MK801 within 24 hours after reperfu-
sion. From 30 minutes to 4 hours after the reperfusion, the level of brain-derived neurotrophic factor mRNA was
increased in the granule cells of the dentate gyrus. In addition, the increase of BDNF mRNA was not influenced by
NMDA receptor antagonist, MK801. Conclusions : The expression of BDNF mRNA after acute ischemia could be
induced not by NMDA receptor related intracellular calcium change, but by some other factors which requires further
effort to be solved. Finally, if the changes of mRNA expression lead 1o alterations in the relative availability of BDNE,
this might influence functional outcome and necrosis following ischemia.
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HzAe] A B whgell Ratg o HEe Y4 o
EdE 208 5 gk 58 oleidt Yy o)
ok HEG 71AE oldisin AT $Fo] UshE ¢
ZiRste] of2] Satgel MEAG] e F)deht ABRE
37150l B ATFES Fglol AAA govk oHE 3
B A9E AN Rk ik

A4 4314 (transient forebrain ischemia)ol]
A oA FF e iR A AT s A
A(transcription) & ZEAFATY, dl9F2eZ heat
shock protein 72(e]3} hsp) ¢} 7 2Eals ), o
fos c-jun, jun B, R zif 268% e 27|G3A,
P53, 9 bel-29 ¢ T2y AE Aol Yejes
#734, GFAP(glial fibrillary acidic protein)$} 2-&
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SAE A, ¥E TCF-Atr growth
factor-fth TNF-e(tumor necrosis factor-a)sh &
cytokine §& el fAEe We 2209 T
ek LA Yok ol F Hel c-fossh hspe Ao
34 olF 2447k ofuel] ellsigle] A s AR
7t Z7kdel, ofel MHY, HRA % ML KT FER
wloll4 MAE E4ke] EARE AgEe] Heh

FRAZA b ohle FERAAAL WA, T4, AE
9 Al Hofele AR AT ARRAA
(nerve growth factor, elek NGF), W§E429%4
9l (brain-derived neurotrophic Factor, ols
BDNF), 9 $#E23-3(neurotrophin-3, oféh NT-
3) el ick NGFe BDNFi= NT-3¢ @4 dsh4d of
X ¥8 o|3 mRNA o] HshE Holv], *° ojz)
9 o] WA sl BAlgE dria PelA e
Fo] WFeA A F HPF7E ARESE BDNFL
FAAE 24430 olujell el F7ksked, olHid R
7kl A sl WelAYA gk 9¥- HREe ¥
8ol 7)1 glutamates) ¥4l 37}, N-methyl-D-
aspartate(els} NMDA) 8] #4 2 A4 ES
ol el #44 sielzk BDNF 444 wde 371120
b Faelglan, O Croll et al'sh Nawa et al 41
Ztletol =) 7k i AR @R mRNAS) REF
717} BDNF §44 wae fedebn St 9

YA Yohh= glutamate ulF7hsh olellwhE A
QA4 Hedon Y| ¥2AE M¥she NMDA -84
ZgAlel Bk ofe] AF7E Aegsle] growd, oF ulZA
# 70819 MK8O19] NMDA 4~§Ae] xhchitat o Al
E RI7NeE ofel =Rl UFslel fek Y ool ol
W qelld sjpetos FEEs UEel 9
(anastomosis)e] glo" Ushd #& WA F=7k 60%
A Ahst RAACUE AYddeR F3E UNE
QA Aol B Holl Ysbg AKAVE Feoh
L of2] Az Al A7 c-fos, hsp 4 BDNFS|
A Rl Waksle] WA Wng ZAstsh ulash
7 shglom, wleitol S8 NMDA 841 #4217} of&
Ak Rl RAIGEA Glsr] S1sh MKSO1 &
AAA e AYE Wsigich
et o ey

1) AHckY

Aol 60-80gm uielsl FUY 2RI AL
523 (Mongolian gerbil) & A-getsich, AHohdE 2
A Figew ARTH FEANTLE Ursled] olgd
oA 247 e Al AYEE, HEE, Ay
A AAMAF % MKBOL AAAT & vl Fo2 73
sigich, AYTE WATE WM F FREUE 0B
A3 Folkg AYerx) b AYeET 30vtelsh QA
o8 U3 AFUE Aele] 158 WiHE A F
AFAZ) HYE 300kl 2 FAsgch, e FEANE
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& RINAFE AN F 2 e WY
4 AelAeds ANAF 30vleleh MK8O1E eldds
o} e oz ANA] UL 271§ UE MKS01
AAAF 300kl Frlsted, 3 120vfRlE HIZe2
ol Ay ohihez dsich olF AYCEE 2FHE A
2 ¥ 152, 30%, 90¥, 447, 647 U 2442 B2k
AT A Foll 2 FolA AP Skl HE AE
3] c-fos hsp, BDNF mRNAE #iul Fjhehe &
s348all4 in situ hybridization.& W33sich,

2 dyey

© dssz9 ®El .

AREEE T 2047 olAVH FE AU FAE
A7)3 vkAZ Nembutal (pentobarbital sodium,
60me/ke) & B2 FAG F oiHeiRE Helim 25
£ARE Folelol 4%lele] Tt i olgeted ALE
& AZYE vl AapiA g 35TE1TE A%
ik Relslold B AN AAY-E wEAA ATV
ANIE 71 ok Sl Relska S Bl sl
A 2% FAFES(sternocleidomastoid muscle) &
ZAelete] 34T (omohyoid muscle) 3ol =
FAENE =AW F P F2EE elHdch
6.5gm §72] Foll A% 6.0 FAAF olgsied 374
Fug Aclsle] 1587 YHEEE ALAVF oA A
FAA B dhy AP E fEigich AUdEEe
2 EY $A9 2dFel sham operationit sl
FAENE ANelA ke RANE VIR 4 wlsh
lch, 431 MKSOI (Research Biochemical Inter-
national) & #1818 §¢=4 10840} 72U Ine/ke
4 0,3cc $3%E FA ko] MKBO1Z HHAG T34 olh
FUY o2 MKSOL vyl 7 o) Aledss ¥
2l Al ARl ANATE e HY
& REG ZE QA vRI7E Aelubd A skt
chelell Bepelzt JEA Seleigick

@ in situ hybridization

AWTHFE AW F 15%, 308, 0% 447, 6AZ
w2447 B 4% A9 SR HAE HFel
isopentane(dry iceZ vl2] 70T WZ)el 102 F
4 98l ¥ cryocut microtomed ol $3 12m dhnbE
A oloj) ARG YA Felol=ol ¥sick o) ANE
& 49(4% paraformaldehyde in 1XPBS; phos-
phated buffered saline)ol] 10%2+ 588 % PBSZ
SR 4F ohg acetylation®4(0,25% acetic
anhydride in 0.1M trisethanolamine-HCL pH
8.0) 1047 A2 F 2XSSC(0,15M sodium
chioride, 0.015M sodium citrate) & ¥4kl #73t
U D WA FEE AN F1%0 WA F PEse) B
#lelch, c-fos, hsp, BDNF2l #4zel 47 A<
(Table 1l %ol u]424 (antisense)q! oligonu-
cleotide® DNA#47](Applied Biosystems DNA
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D3| cixlo] YR HEUS AT HPE HFSVY ixiel RFX LH HE

Table 1. Sequences of oligodeoxynucleotide probes.

Name  Proe sequences

cfos®
5" GGG ATA AAG TTG GCA CTA GAG ACG GAC
GAG TCT GCG CAA AAG TCC TGT GT3'
hsp72
5 CGATCT CCT TCA TCT TGG TCA GCA CCA
663
BDNF*

5 AGT TCC AGT GCC TTT TGT CTA TGC CCC
TGC AGC CTT CCT TCG TGT AAC CC3

synthesizen) 2 A#siat AAzle] terminal deoxy-
nucleotidyl transferase(TdT)$} ("S)dATPE |8
o] 3 BEAYeR FAs

EAR probert ¥4E hybridization £(50%
formaldehyde, 10% dextran sulfate, 0,7% poly-
vinyl pyrroidin, 0.7% bovine serum albumin,
0. 15ms/mi yeast t-RNA, 0,33m/ml denatured
salmon sperm DNA, 20 dithiothreito) & 2 <}
ol=g 60u4 (1X10°cpm) AHeka, coverglassZ &
© ¥ 37-40'CollA 16-24412F W (hybridization) 4]
Zieh, whgo] Bhd 1XSSC 2 3023 #F vhE 40T
o)X 2XSSCS 50% formaldehydeel] 1584 ki 4
Al F Aol 1XSSCE 302 HE vhg 40TlA 2
XSSC/50% formaldehydeell 154 vld A% ¥
AEAA 1xXSSCR 3084 4 FAsk Fiet
70% ethanolZ gl 3 ok F7] FolA el o
2ol 55§ fmax hyperfilmoll WHee] FHULT
W54 71 (radioactivity standard) #elol=sh gl
272 3 Wdeted EAzkh
4

) AT

© dghzz

Sham operation g Al F735He] UFE
AgkelA] 5 AYEToNA c-fos hsp, BDNFS] 71
Ae A F 158, 30%, 90%, 4417, 641 2 244
204 25 2 Zlofol (dentate gyrug)3t Uil
2 gollA] ZIA FELE v W E 29l Fig 1.

@ slEz

Al Ao HY ¥ efos FAARE AT 15
A g Xololgelld WAF/HE AeR 308
90 Aololld Wi Hefeld, HzA, A4, i
9 dulelA WHF/HE Mglov], 4430e] ZskiRA W
W Hofolgoll At vlok WAFTHE MTHFig 1.
Hsp #87Rz 18 F AR 158%6] BuS Aol
ollA} WE dhglst, 304t 4412 Aelelle Xeleld, 4
220, A, O 8 el el Fkesler A
- 442F ol nkade] 7hak ZuisickFig. 1). BDNFS)
mRNAE 90-YE] 447 B2t ARFY & W3 Xo}
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olgell A ez FrhekFig 1.

2 o HxZ

© darags M2

5 1084 Y7 MK801# 2 (0.30) 5+
Yol YT 2L Pie HHY F AVFAZ e
Aeid AHH oML cfos 3 hsp mRNASH BDNF2)
mRNA®] wo] A3 AT FiEs}a ofd AN E SRR
HYF3 FLaAFig 2.

@ MKBO1 BAHZIZ

MK801& X328 f= Hell %32 F43% MK801
AANFL MKSO1E AXAeHA ke 12T eiied
% AMAF S5 w2Y ol c-fossh hsp mRNAL W
717} vlekaldehFig. 2). c-fos mRNAE AR5 30
ol 7Zaid, hsp mRNAE ¥ ¥ 1523 308
Aolol @i Xotolgoll vt o WA Hglrh
BDNF2] mRNAE H@Zolt el ANAe &
g Aolglol ARF 908 4A1ZH Aololl BZ X
ololgold A WHFAHE Bk Fig 2).
2o

W0F3} SRAE HE SelAE R SR
<) gk, K3l Qg kel viie] MPRA) Aghgol
Frhehe el genl, Frinc B3N ke oY
4 Aol v% woldE Zgel vehia gick, ¥
gl ol 4 2 PRl [ AFFeA of 7H
Agel Aslel ShATE obE e AR ol F-HAA
o glew, of] HAEl A HY ol AEATel]
B A W ARAEL] W7l Wk ATl AP
2 giek

AgiollA Yo 4 HERISH fARE
A9 9 284 98 29 F ok $EAYe 2uE
ol A seigkel® ol FollA Kl AEAY A AR
71500 VA HAE e 2P I L8 A
4 (ransient incomplete global ischemia)olct, o
W Aol YAHeR UsH AR FAS HY
ARE WHEZ) 919 Suzuki et al®e] HFE AAsie]
AYFE Ao QI AHHY AYEAS A
ok Aggol glojAl HMaW olF HEge) FAR o
fossh hspe] mRNA®| WakE 2A4w7] 98l in situ
hybridization =43¢ ol§2isla, Curran et
al“e] Fogoll st o) ofe] AYEE Aolel 44 ¢l
AES vlnshed Weld o] golE A FHseh
ek, AYEE) FALE) UFE AoA e Mgl
ZFoAE FA AAGFLL BTk o 94, A
ololg), = Axol4rk vloR WHE N, YHHE A
& HYFOIAE WS Hololahe TP ofetpsiold
ol Frkslglch, olski: Zvhs FUHQ in situ
hybridization®® Ak Li et al* Wessel et al*s}
Kinouchi et al*] d7dsksh ¢aAzk 4 914 4 &
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Figure 1. Effect of and transient cerebral ischemia on gen
mRNA
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Figure 2. Effect of transient cerebral ischemia after premeatment of normal saline and MKSOI on change in gene expression of c-

fos, hsp, and BDNF at different time interval.

QRIS Uslel, AYERIA Y el
eisickn ATk oFE ANE 3 AP AE 4
& FAE AT FUL ﬁxlx} WHE Heleu),
MK8015
F3} Ao
Moraes et An‘s— MR Q1 oS Aol 4]
H43kslE glutamatest NMDA -8allell |3f o] &
Azke] walo] Frhgtckn Bmsigich Yiellq MK8OL
o SAEIE ol QY F oA % poterior cin-
gulate gyrus), 1% o] ¢ (retrosplenial cor-
tex) 3 94 4174 (cortical neuror)ell4] hsp §41%
Rl L ARl ” MKS01E ¥iaolt
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Kainic acidel] <& sio} i o)

RS PHE A
'3)‘!0“ % iy

A7 hsp
e kamnv 5
"

BEATNE VLS S8 AR

o2 Hgidh, oWl «Fe] MK8OL A FolHE
NMDA 4-§21 2wto] c-fos % hsp §47

- Ak wHst glutamateste] A4
AR & Uglew], UE Folft MKSOle] s
NMDA F-8412] #-8-¢ olasisleia g2k,

AR ATl FH fe] sy ARPAE, IR
4 W GABAX AZAEEE BDNFe}h @1 wickelad 4]
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slelF - 2 - S olcksl

Eao] Zrawele], U AAM Aol 4 WA
A s AP ERT e HHE0T 5 U 28
alzoll Hsh BDNF mRNAS| wlo] Zrhghede ¥ug
of gieh =% 518 o] NMDA &4t W sl
o] x|¢=go) 48k sirke] CA1 ¥-9lel 4% BDNF mRNA
o) wpsio] vleRk Wi, H{1ele] WA &gl AL Aok
olaell 4 BDNF mRNAS} uhale] @iasigich ol
Ghosh et al*sh Tsukara et al*e] BDNF& 79| 54
ol A3 FAsl] Ushy U WAk sebeee) ¥4
E ¢ AAziths Msh Ygse el A%
ek, M8l olFol WAshe X124 £4e) ik BDNF
of HEagol g Wie] AFAUA ol Rugel WE
ek et BDNFS] | 544 wazzt 213
2 BEAE 718l dishAE o Elbe] weh

3 el Fi4 obeliatel glutamateo] Sfg
ARATNE) #e) FEFE AQY HAE E4E 2
efghey, 4 olaf gluatmate®] 4] F7F i ololluhE
A Z5E M3 BDNFo| §44 8eg 370420
the Fgol 9ov], ™ H#d ¥ glutamates) 371l
o8l F4He2. spreading depression @4ge] Yotk
v o] ¥4l 2Jsf BDNFS| mRNA #lo] fEgdvhs 5
A ek Y Y RS ABERUA soma-
tostatin % neuropeptide Y| %37} e 24t
A4k Q) calbidin® parvialbumin®] mRNA
o] WRE) 8y ¥ BDNFO| #44 ¢ee f58
he o A1 Aslel ERle) giek, Y

ol eiFel4 BDNFe] 484 Agszolde ¥
ik g kel Aol7k glo] AAGEeE WasY
3, AHYE FES NPT WHFelA 25 90
3} 4A702) AR ol ActelgellAl WAZTHE Halet
o] Az vk st Fekaleh M MKSO1 AHAF
A HH® K= 104 Aol Shin et al®e) 443t F
Uk o MKSOLE ¥AWNZ lne/ks 38 FAH
o] NMDA g2l Apekalzieh, =1 723t WiFelal oA
904 4AZHe) A F Hlotolggoll ) WHF/HE B
Aol Y W ARG AAATH Rel7t gk
wehal ol el AaHz H#14 ol § BDNFe] #7474
wrale] Z717h NMDA S-g2lle] sh4lstet oleliahg: 41741
Eje| 243742 BDNFe| fae] o] fredehe
71&2] ofe] AFFEIRTT o dxdelgl®, Linvall et
all0e] BDNF s{4ulelld Walol F7kehe BDNF &
HAke MKSOLol g W) ehechs 773t 94l
tgieh, whekal BDNF mRNAS] W57t 71260 it &
F 917k Yasiel, o1l ZstolAl ) BDNF mRNA
Wl e NMDA 481 sloll ofid chi: 711 & oh 2
47 A% 74§ AN

a4 B

A7 RSISA A W e W gsed AL
AR ehlitln e APl SR
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Aol Mol wgisl 1 AAE Yohiu B GFE
Asgeigle). Al L3 HEE FED cfos
hsp 2 27394048 mRNAE in situ hybridiza-
tion whez e A3k cfos 2 hspel FHAE D
24 H5iE F 2442 oliel B Aol WA
£ vehigich oleizhe Wl 94 MK801Z AxA)et
o] NMDA $-§21% Akeigial c-fosst hsp mRNAE
uhele] Zhzsigich ¥ BDNF fzhs #18%, A=iy
S AAAT 9 MKSO1 AAAFelA Helglol P
Hjolo|ollA] wale] F7kslo] 71Ee] AFAREIE oHE
Z74% vehiiglel, ol NMDA 5~ 223l Feioll ]
% BDNF mRNA WRi7|4e) & ohg 240} 4gle
& Svishs Asteka 47
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