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hypoxia inducible factor-1(HIF-1)< 74 -3stA #H ).

HIF-12 AtAS 5 FALRSdd o) &do] #
O Wy g8 Ao s A4
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A FETF 9 AH A= b stE L 8 el A VEGF, EPO & t%
FAAE s
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ol

e Apo] 3, o] A = = 9%s 4

oh 3 ol 7k d”e] Aol 7 ofd o] g3t AHSIT
BAAZAA HIF-19] HRE A% A=E A AAdZHNS T3 543
H A S (anoxia) M= 2 ARAETE SFsEl o, ofd oo
flell DNA A9 =7k gasigint. mepa] L 713s 247] 918 AdA
oAM Zz AE FE=3 3 WS o] Western blots 3353

oA HIF-1a7} FA =0, & ¢to 2 o]F2 HIF-1la9t HIF-1B
A R AAaFdY HIF-19] 4 fFdaelal A4es =42 oo
VEGF, EPO, TGF-Bs= G a2 Afkso2 24249 mRNA
TAS SAGAT. 2 A3 PRGN 4 FHAAES mRNAY
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SAY Tk E ol A HEoe] Frleke dARI Aot HIF-12 HIF-1
a9} HIF-18 galo = 5 o191a HIF-la®] &3} S it4he] &
ol oa dAs AATh? Ak w7t 20%2 BAAEARAFE A =
HIF-1a”} prolyl hydroxylase®] 93] proline residue’} hydroxylation
%3 von Hippel-Lindau(pVHL)&o] A3t} o]i= E; ubiquitin
ligaseE &A3}slar o]F 26S proteasomeddl 33 (degradation)¥
o} 12wk e) Ak} FA A Zo| A= prolyl hydroxylase?] 4o
A=W,  HIF-la ©@%o]  hydrorxylation %A &=tr} o]yt
hydroxylation A& o2 <ls] pVHL wwlo] AstslA] HsHA ¥ L,
o]+ ubiquitin—proteasome?] d# o] IAHE 3} HOo=Z HIF-1la o9
o] MEA <tollA F7HEe M FH abh FErl "ojAEA gAd
reactive oxygen species (ROS)¥= MAP kinasel} phosphatidylinositol
3- kinase(PI3K/Akt) d=2& ZAsIstal of= AxA <tollA F7hd
HIF-1aZ 1413} o2 HIF-la @@ o) obgAdL =91 u}“w HIF-1
a®l Qikstel] tigh Hiale Fo] o} ofA7bA] 14ks} AA = &
A=A eF2 Adejoln, old QIAtstago] o] wwze] <k 7‘“3 of x4
sistd o= ojugt JEFs A=A E WA U o|FA <A st

el

o,

HIF-1a ©9& 3 &2 o]F3tA =i 3 oA HIF-1B2} ol% ZAHA
= o] F WA HARIAEA ] IS S8ttt o]H HIF-1 o|TZATA=

CBP/p3003} & %= AH(coactivator)®} 7] DNAC  hypoxia
responsive element(HRE)o| ZA3gtelA ¥ tpFst f-dx2e] AALE Lo
210" HREZS £8atar, Aka Aol @rdo] Z7isks thEd A=A
+ vascular endothelial growth factor(VEGF), erythropoietin(EPO),
glucose transporter—1, glycolytic enzymes, tyrosine hydroxylase 9]
9] T} 18

AE e HIF-1 ehuld 2 § Aot Ae Az A= A}

o
=
o

d, w3 2 5 0dRt v1ddel dejsiHnt Ao wisiM = okt
A wEsA AeEs Ae ¢ o =49 X7t @ol dolslrh WA
HIF-19] &4go] Az APEE fishe IAbehes Bart ok 5 Faka
T st AZuAL daER ezl Nip3e] wao] F7helA AlEAR
do] fFEETs Jhdo] glal, E FAkaTo] pb3 W] s f
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A3 o] SHelA Aurw HIF-19] 842 Alxe] A&t 444

Al AEAPEZIA ] oAl Hgom Azdn. A FARTE FEd
7

il HIF-19] 2do] AlxAgEe Ta3 9ds & A
e} Z

By
=
fo

2
of gati 9lar kel A= gk whel #e] EPO, VEG 3
HE FAATE A 2l E Mcl-13 #Zo] AfHew AEAL
de odAEs FAAE AT Baw Q¥ Aot AZAE
wofsh= HIF-19] %4 fFdab50] £4 vreAar glar old tigh 7] 5]
A= FWeetA e gk
oFAE FEfewel BE 23 A7l FRSlel FaEe] Sl w4l
U} o}d2 protein kinase C& w Sl EAek= 3007H4 oo a4s
o] W9 = a1 53] MAIAES] DNASH AFste Fxo] 54 &
Low AE W FH2 - wj Fag 9T vk 53] TF AA
Aol T2 2o Hle] =& o] ofddo]2o] A=y o]F WL
Fol ofelo] MAWL AP XA Qo] EAIFT AA FE W
A FEE fFrEstd Ald AFA A glutamate$t 7 Frhgh of<d o]
o] W& HojAaL o] Fud ofde] ABAER APz NAGAE
7F APl Bk E ol o] P Wk ofuel T A7 E
Y Aol 22 Aus 7 Zom AZEARE ojd Aol WeEje

o ] o} o] 9] 7|He o} wWESHA ¥R K] e AAHo|t). upElA
2 A= A 2ol oa) wdHo| Frhske HIF-1 ©

o] NAAES] EF Aol oM JFL v A ARG, ob&
2 AAEAA ol ol &g FE HIF-1 wd 2ho] AGAEe] AE
Aol VA g welad sl
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1. AlZ vl g

Abehe] M Gl A fralsh MAEZTQ] LN215 A3} 417 o Al 32 of A
e A EFQ SH-SYSYS 10% fetal bovine serum (FBS)¥} 50 mg/mL
streptomycin, 50 U/mL penicillin®] ¥3t% Dullbeco's modified Eagle's
media (DMEM, Life Technologies Inc., Grand Island, NY, USA)ol| A u}j 2
skt o] AZES AY A7bA 37T, 5% CO, Aol I e E FA
Al ZL Tt

FAE A% anaerobic chamber (Forma scientific Inc, Marietta, OH,

USA)E o] &3to] FEstaior, oju i dH S AASH o] gol& A&

ah3leh. LN215 A28 S AA wjgd oz F Aﬂ%—‘o‘}ﬂ Al g

O & v}o] & & anaerobic chamberol] ¥o] &7 = wja AA7V) Qe =%
e

7}~ (N2 85%, Hz 10%, CO2 5%)5 TUAIA 24 -4t

3. @A =3} Western blotting

AxE FE=E5 971 A8 LN215 /‘ﬂli_"ﬂ 4 AgEsE 3 = AUbE
phosphate-buffered saline®.® F W A3l AH A7]d9 %58 sample
buffer (IM Tris-HCl (pH 6.8), 50% Glycerol, 10% SDS,
2-mercaptoethanol, 1% bromophenol blue, H:0)E 60mm ®jSHA] &
400 pLE ¥l AMEE g3} o] FFES 1.5 mL FE| Ko} 13,000
rpm, 4C, 303t A28t} 1 oS A k3t

ickul A -S- A7) Qe A= PBSE AlHE MYE A4y g5 A (10 mM



HEPES (pH 7.9), 1.5 mM MgCl, ,10 mM KCI, 0.5 mM DTT, 0.5 mM
PMSE)ell A - A7 FfFd AXEES 45 fdAd 10230 & F
27-gauge®] nl=ol o2 M FIHAIA AES FIAAZ] F A4 R 2] 5
Ao wEa e s 134 49 B (20 mM HEPES (pH 7.9), 25%
glycerol, 0.42 mM NaCl, 1.5 mM MgCl, , 0.2 mM EDTA, 0.5 mM DTT,
0.5 mM PMSF, 5 mg/mL leupeptin, 5 mg/mL aprotinin)ol & A7 <&

71 ¥ HIF-1la, HIF-18 ° tjg+ &A(BD, Transduction Laboratories,
USA)E Z+7} 1:500, 1:10002 345t & AboA 2-3A17F whs A F T}
Tris-buffered saline (0.1% Tween 20)2.2 783+ Al H A Z 3k & 12} g
Aol frall Foll mEl dAT-SS o= anvt F-a2E o] glE A3 oA}
A 2 AF2o A 2-3A17F ¥ES- A7) 3L Tween20 0. 2 787+ A Al & 81t
Enhanced chemiluminoscence kit (Amersham Pharmacia,
Brckinghamshire, UK)S o]&3sle] ¥4 Al7]a1 o]& X-ray film
(Agfa—-Gevaert N.V., Mortsel, Belgium)oll =547 &3}t

4. A A AEAH (Electrophoretic mobility shift assay, EMSA)

Arzd el HIF-19 &43F 35 4679 Uriolt. 59
Y422 EAS HIF-1 oligonucleotide wild type (5'-GCC CTA CGT GCT
GTC TCA-3"IE+= HIF-1 oligonucleotide mutant type (5'-GCC CTA
AAA GCT GTC TCA-3") 0.0175 pmole (>10* CPM)¥ 1 nug9 poly dIdC
5 ¥3sk 10 ple] 2X 2% &45H(20 mM Tris-HCI, PH 7.6, 20 mM
NaCl, 1 mM DTT, 1 mM EDTA, 5% glycerol)< &#2] & F&E3} 4o

TR Aol M 3083 WAl F O EgEe vy whEe] 2



o

nondenaturing 6% poyacryamide geloll 200V oA 2 AJ7F S¢oF A 7| S
shelth M719% ¥ gel& 3M paper 2 3 A3 AlA &1 F A7HEA
= 3} t}. Competition assay®} supershift assay®] 7-$-ol+= probeE ¥
7] Aol BHULE ZTAEA & oligonucleotide =& HIF-1 34| (BD,

Transduction Laboratories, USA)E 2 pl ¥o] WF&-A|71 & probes A7}

a3t

ul

5. 9AAL T AL AHWrEH  (Reverse-transcriptase polymerase
chain reaction: RT-PCR)

A2 mRNA & AFAL SR EL A5 o] 8ol S5
o YH YREZAZE B-acting AFEESIY AAAIES] F RNAS

guanidine thiocyanate FZW¥ol| 93] %3¢ th.?° Random hexamer

N
\i

primer 50pg (Promega, Madison, WI, U.S.A), deoxynucleotide
triphosphate &%% 500 uM, RNAase inhibitor 25U, Moloney Murine
Leukemia Virus reverse transcriptase 200 U(Promega, Madison, WI,
U.S.A)S i3k vh-&-8Ho 2 ng2l total RNAS ¥ 3L 37CollA] 1A13F 52
WESAlA cDNAE 4433 th RNA 160 ngoll dl@3l= %2 cDNA 7t
VEGF, EPO, TGF-Bs3, IGF-2¢l] E9°]3} primer ¥ B-actin®] ™3t primer
18] 31 Tag polymerase (Promega, Madison, WI, U.S.A)S 3F3k kg &
N& Wil PCRE Al#¥3teitt. PCRE 95T 30%, 50~60T 30%, 72T 60%
2 30~40 cycle® VEGF, EPO, TGF-Bs, IGF-2¢l t]3t mRNAE S% A7
t}.

VEGFY primer /192 5-CAC ATA GGA GAG ATG AGC-3" (forward
primer), 5-CCG CCT CGG CTT GTC ACA-3" (reverse primer) ]2
™, PCR A =9 7] 230 |71l th. EPOY primer M€ 5-CTG
GAG AGG TAC CTC TTG GAG-3’ (forward primer) 5'-CCC CTG TGT
ACA GCT TCA GCT T-3’ (reverse primer) ©] o1 PCR A =29 =7]
T 441 4717810t TGF-B39] primer A €2 5-CCA ATT ACT GCT
TCC GCA ACT-3" (forward primer) 5'-GCA GAT GCT TCA GGG TTC



AG-3 (reverse primer) ©|1 2™, PCR A &2 A7]=211 @712t}
IGF-29] primer A<¥€<e 5-GGA ATC CCA ATG GGG AAG TC-3
(forward primer) 5 -TGG GTG GGT AGA GCA ATC AGG-3'(reverse
primer) °]om™, PCR AAES A7]+= 488 |7|1%oldtt. B-acting
primer A <€ 5-ACC AAC TGG GAC GAC ATG GAG-3" (forward
primer) 5-GTG AGG ATC TTC ATG AGG TAG TC-3’ (reverse primer)
ol2lem, PCR A =2l A7]= 349 94718tk PCRS ¥ PCR =2
0.5 mg/mL ethidium bromide& $F3%F 1.5% agarose Aol F3a} AJ71 5 =
719%E38te] UVEHY o2 Z47he] mRNAC tf gk & S35kl

6. MTT (Microculture Tetrazolium)=7% H

. MTT 9 5= PBSo| 1lmg/mle] == *
TTe felo = Qe dopgl= Alais B
3l o] extract& Y (25% dimethylforamide,
=

9] formazan 2745 At
7 A SIS =H & 4 Av}. Spectrometer

10% SDS)ell 12A17F 591 o
(Molecular Devices, Sunnyvale, CH, USA)= 570nm oA 3 =& =A
&FlaL A2l e] OD570% o ALk A eshA] &= w2 0D57049] &=
Al AEES YER AT

1S 95lo] Statview (version 5.01, The Institute,

CA, USA) 2035 ARSI Y. AFHES 4 3 E7/35t + 23
EHto ek t71 4 (Two-Sample t-test for means)¥} <8<l EAXF

21 (one-way ANOVA)°e.® EA3}il  post-hoc comparisions

(Fisher's PLSD¥) o2 Z} &+ 7Fe] A4 FoAS A3
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2ol o] EFAk 43} (Deoxygenation)

Wkl e) gatnsts A ekel BRE AAD WIS A Lol
28] gk & anaerobic chamber (Forma scientific Inc, Marietta, OH, USA)

= o] &3}o] Al7he] wWE AbA ¥ 3} E dissolved oxygen meter (Corning,
Corning, NY, USA)E 54 aoﬂﬂr (1‘3] D). Anaerobic chamberoﬂ AEE

~ ¥ #7} 71_/;\_5—]_9‘:}\ Ho| zubd 1%X4Ei %L% 1*]71} o] o] Wi
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AR A e 2 HIF-19] &7de] S7bsigitt. ezt %4 =
type consensus oligonucleotideES A A2 A H T} 1000] o] o &2 YolF
H, HIF-1 ¥i=7} AF2}5 3L, mutant type oligonucleotide® Yo W W=
AR A LS Hol o] wi=r} HIF-1 Eo] wi=<9s iugg}%ﬂq_.
Supershift assay°olA HIF-1 &A& 2 pL Yol o= HIF-
ia}ﬂo glo }Oﬂﬂr(;lal 2A). HIF- 14 §L/ﬂoﬂ q]zsl o}oq o
of B7]918l A4 AlEe] PDTC (50 uM)<} ofd o] &S &5
th A8 Aol o3 PDTC o<l o] =9 ERhA| &2 AL-g-s)
BEE 5AIZF A glste] HIF-10] @43t ¥ %laL, ofdd o] 5% 0.1 uMelA]
FA e 7F AAEAI, ofd o] 2F % 0.5 Mol A& HIF-1 W=7E A A
ddo] AAHE HUTHH 2B).
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A :
A B Anoxia (S h)

PZ PZ

N & Wt se N P 01 05 gy

HIF-1 -

% 2 AT A AQEAE S EF HIF-19] 243 ofel o] o] 43, 13
2A: AGAEOA HIF-19] Holwi=

olmMl=2 Folstr| el competition assay <}
supershift assayS <33+9tt. ( N: normoxia A: anoxia wt: wild type
oligonucleotide mt: mutant type oligonucleotide ss: supershift P: PDTC ) 1
Y 2B FAAFS B HIF-19) B3 0] tf ofel ol 9] JG& A7) 9]
3 FakadEE 5413 skt PDTC (50 uM)E oFd o] 9] ionophore®
ARE3ESLaL, PDTC @5 (P) & ofd o] 0.1 uM (PZ 0,1), 0.5 uM (PZ 0.5) &
w2 F7ste] Aeshein.
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Aol e Al HIF-1a¥} HIF-1 wa o] oz w3}
3

o
-
)

FaknZFoR Q13 HIF-19 &4 Aﬂﬁﬂm
913t Western blot& 333t A8 v+
TR ofA o] 2] FEFe dotr ] 9 %
Atk vl Ey o] Ao lojA Al oA o]
A= Ao 9= NS AL_F T, A Al
Zesrol A ofd ol 0.5 pMA 8] 2 HIF-1a7b F4 % Atk F2ka
| A= HIF-1a @9 2 o] #&E 93, FAAZTo A o}
ot FAASTRY F24 5= HIF-1a @i ol
H, FAaAZ Aol A HIF-1B8% 57HeHS &2l s 2
o Aol A HIF-1a9} HIF-182] Western blot& AAg Ay} AAabA
o] tm Ao A= ofd o] 0.5 uMAZ ] AE F= L
HIF-1a W=7} AFgRRLaL, HIF-1B8 @& 8 0 2.9] o] o]
g AR AT IOl A= o o] 25k 0.1 pMeol A -8 HIF-1a ©He
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Cc . C
Normoxia Anoxia (5 h)

Pz PZ Pz PZ
P 01 05 P01 05 (um

e hEo
L T T 111 AR

C c
Normoxia Anoxia (& h)
PZ PZ PZ PZ
P 01 os P 01 o0.5@mM
| - -- - = HIF-1a

SRR L L

a9 3. AR NE FEET Y g FEEA FAAT T ofd o] 2 A g
of W& HIF-1a®t HIF-1Y¥ ] ¢4 W38}t 17 3A-3B: FAtAS e ool
Ag] Al HIF-1a®} HIF-1W™ o] AW T3} 3 o] A HstE dolr 7] ¢

oFE-A 2 S &t @& P: PDTC 50 pMA 2. PZ

Western blot2 4=3)3}3it}. C:
0.1: PDTC 50 uyM + zinc 0.1uM #*2. PZ 0.5: PDTC 50 uM + zinc 0.5 utM =] &
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AT AANedE G FALFS S T APLR AT F
F &

mRNAS #2|ste] o AA} o]-&3lo] VEGF, EPO,

o
ob
32 ¢
o
<

TGF-Bs, IGF-29] mRNA @HdFS = EGF 4217 o] 35-¥ F
77 NEE QD TR doj A= ﬁlé <71tk EPOE 4A1%F
58 77 A1 ZE QAL AA] ARG E 7 DA - FE S 8T TGE-

Bo F7HE o] Ml Ao AN 7k ol F5-H S8kl
t}. Wbl IGF-2% Al7be] whE FabiAbe] o A mRNARE ko] HMFo] gl
ATHZH 4).

. = TGF-B;

4= IGF-2
<= [-actin

ax

a9 4. AGAEL] T AT HIF-1S 473 ¥4 4452 A17HE mRNA
. HIF-10 oa] Hdses 24 A5 94 Sdas Ao
mMRNA%S S48 AAA A (N)SF Ak elollA] A]7HE (2h, 4h, 8h,
12h)E mRNA HdZFS it 747 971489 a7+ vs3 2o, VEGF
(230bp), EPO (441bp), TGF-B3(211bp), IGF-2 (488bp), B-actin (340bp).
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ABSTRACT

Role of astrocytic HIF-1 in neuronal cell death.

Hyun Soo Kim

Department of Medical science

The Guaduate School, Yonser University

(Directed by Professor Young Soo Ahn)

Astrocytes are found abundantly in brain. They are not only
necessary for the normally working brain but also critically involved in
many pathological conditions, including stroke.

Hypoxia or anoxia induces expression of various genes via hypoxia
inducible factor-1 (HIF-1) in astrocytes. The transcription factor
HIF-1 is composed of HIF-1a and HIF-183. Under normoxic condition,
HIF-1a is rapidly degraded by the proteasome, while it is stabilized and
accumulated in anoxic condition. Stabilized HIF-1a and HIF-103 are
translocated, and dimerized in the nucleus. Dimerized HIF-1 then
transactivates hypoxic—-inducible genes such as VEGF, EPO, glucose
transporter—1 etc.

This study was to investigate the effect of astrocytic HIF-1 activated
during anoxic condition on the neuronal cell survival. In addition, the
effect of zinc on HIF-1 activity and, subsequently, the expression of
HIF-1 responsive genes such as VEGF, EPO and TGF-B3 was
examined.

Accumulation of HIF-1a protein and subsequent increase in the DNA
binding activity of HIF-1 were observed in the astrocytes incubated

under anoxic condition for 5 hours. Furthermore, it was confirmed that
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the increased activity of HIF-1 by anoxia induced the mRNA
expression of VEGF, EPO, TGF-B3 in astrocytes. The
anoxia—conditioned medium of astrocyte culture was transferred to the
culture of neuronal cells and assessed the effects on the neuronal cell
death. The anoxia—-conditioned medium protected the neuronal cell
from the serum deprivation death. Zinc inhibited HIF-1 activity by
blocking the nuclear translocation of HIF-1la and HIF-103. Also, zinc
inhibited the expression of HIF-1 responsive genes which were
increased by anoxia. As a result, the anoxia-conditioned medium
treated with zinc had no protective effect on the neuronal cell death.
These results suggest that HIF-1 activation in the anoxic condition in
astrocytes can act as a protective mechanism against neuronal cell
death, and zinc would be a deteriorating molecule in anoxic condition
that increases the neuronal cell death through the suppression of

HIF-1 activity in astrocytes.
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