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Role of the Nuclear Transcription Factor NF- ¢ B Caused by
Acute Hypoxia in the Heart

Chan Uhng Joo, M.D., Woo Suk Juhng, M.D.
Jae Cheol Kim, Ph.D. and Ho Keun Yi, Ph.D.

Department of Pediatrics, Institute of Cardiovascular Research, Medical School,
Chonbuk National University, Jeonju, Korea

Purpose : Nuclear factor- « BONF-«B) is now recognized as playing a potential role in pro-
grammed cell death and the adaptive response to various stress. Cellular hypoxia is a primary
manifestation of many cardiovascular diseases. It seems that vascular endothelial growth factor
(VEGF) and insulin like growth factor-I(JGF-I) have a function as a protective molecule in the
heart against several stress including hypoxia. In this study, the role of NF-« B to the cellular
response and regulation of protective molecules against the acute hypoxia in the heart was studied.
Methods : To cause acute hypoxic stress to the heart, Sprague Dawley rats were exposed to
hypoxic chamer(N,; 92% and O, 8%). After the hypoxic exposure, nuclear proteins, total proteins
and mRNA were isolated from heart. Translocation of the transcription factors NF-x B, NF-ATc,
AP-1 and NKX-25 were evaluated by electrophoretic mobility shift assay(EMSA). The expres-
sion of IGF-I and VEGF were studied before and after the hypoxic stress by competitive-PCR,
Northern hybridization and Western hybridization. To confirm the role of the NF-«B in the
heart, the rats also were pretreated with diethyl-dithiocarbamic acid(DDTC) into peritoneal cavity
to block NF-« B translocation into nucleus.

Results : The expression of NF-« B, AP-1 and NF-ATc were increased by the hypoxic stress.
Increased expression of the VEGF and IGF-1 were also observed by the hypoxic stress. However,
the blocking of the NF- « B translocation reduced those expressions of VEGF and IGF-1.
Conclusion : These results suggest that NF- B has a protective role against the acute hypoxia
through several gene expression, especially VEGF and IGF-I in heart muscle. (J Korean Pediatr
Soc 2002;45:1106-1113)
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Bk ofyet Al vt AHE o] fdAke] A
A Ao w3k @2 AT AUt AiEI Yt F
3] AT Ao Ao #AFeE FHARE
HAAFIAH(nuclear factor, NF) NF-ATc, NKX-2.5,
GATA-4 ol Rudolxa el o FHxe
Al g o]Zor AE&Hoz st YA 1
of Tl Aoe] AT A @’ @A
Ao R HF Aol Al AT AEY AT
7b e, oleldt AiaF dEH T ddE=
SAEY] 8 Ul HARIAZE nuclear factor- £ B
(NF «B)7F &HAaL A=, o] HARIAF NF-«B
= oy A7leA Astelut gAS FES Alfste
Tl #EE Fed dxm guExm Q. o
ZA A NF-«BE 1¢Bst AFAE o|F1 Axd
o B Al EABIE ArkaT 22 FAl
o] Ade BF 1B SIits7t o] Fo] A NF-¢«
B7} felse] & = ol%aA Ar. 8 U= o)%F
H NF-«BE o8 cytokinesZ XA = 1%}91
ELAM-12} VCAM-1 &3 Al&de F7HAQ] nitric
oxide synthase(NOS)9] Wd-& FHIA7IM ME 2
YA apoptosis) ZF-E HMEE HEdE 3oz F5
s dut? et Al o A o
NF- B9 &2 2 o214 A eFskrh

it 3] S FEAIIE AR o
ol#lgk d¢e] AlAele o2 AR
7V 45 A&E dw 53] vascular endothelial
growth factor(VEGF)2] #ZH8o] a3 7|5 &
Aoz muHi f®” VEGFE WFdle IGFe
o] AR da AAY FREE P A
golgfel ofy] zAelA oje] st FAE AH3SH
o] AEe AEHE P eyt AAelA o
59 AA7E o9 A AEE HEseAed e
Aok 71 Aol ofH7hA] wxIgk AEjoltt,

Aol M e Aol Axtas Aol da] A%
o AL WEs FES HAARIA NF-4«B %
VEGF$H 22 #d #24] 7]5S walaxt a3l
EZ o]Hd A= Aol NF-«B #¥b ofye} D‘rL
ZAARIAF NF-ATc, AP-1, NKX-259 #3d& o}&
2] ZARSFATE 53] AARIA NF- ¢ B7F 479 A
M AEA BE EEE2A9 7S 71 VEGF
o} IGF-1¢] S o9/ 2d3t=xE AE3A
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593 Sprague-DawleyAdl 4% 6-7
(A5 170-200 g)= Aoz s A

9

AMN2TE FEsH7] $1%8 hypoxia chambers
12,000 cm® F92, A4 9299k 2k 8% &3 I
HE £9 5 L2 d&Hoz AFAAL o3 A
22 Aol 1, 2, 3, 6, 12, 24X1%F AR A EE
S B9 Ata AFE 5 & =F A o2
Zzke] 43 =4S A7) P AF BFL AN F
Nge AEst] B4 @ w7 -g0Col nuksnt

2. Electrophoretic Mobility Shift Assay
(EMSA)

A @ gAs g go] Rk A
Az 1 g BEZ 200 gL ice—cold PBS &< 4
o z2E B F 14000 rpmolA 2837F 94 2
gl&to] AE2] PBS £98 AAAA AH3AT B

e z=A4ol Add 4FH(10 mM HEPES, pH 7.9;
1.5 mM MgCly, 0.2 mM KCI, 0.2 mM PMSF, 05
mM DTT) 800 wLE& ¥olAl A= 12k A3}
Ak A A 500 pLE Wi AEZF 7123 A
SN 712, 4,000 rpmell A QA F2lsle] o
& AARAY. A9 4FH(20 mM HEPES, pH
7.9, 25% glycerol, 1.5 mM MgCl,, 20 mM KCl,
02 mM EDTA, 02 mM PMSF, 05 mM DTT)
200 pLE Wi s w0 oojrle] nd ghE o
(20 mM HEPES, pH 7.9, 25% glycerol, 1.5 mM
MgCl,, 800 mM KCI, 0.2 mM EDTA, 0.2 mM
PMSF, 05 mM DTT) 200 @& €3 &3A17]2
Tl A ZElete] FEd whs HsHth AEds
F248-9(20 mM HEPES, pH 7.9, 20% glycerol,
100 mM KCI, 0.2 mM EDTA, 0.2 mM PMSF, 05
mM DTT)olA F4A713L, 14,000 rpmellAl 2087t

AL
EAES,

darestel F3Ae ol ol& o BHz 3
¥, Bladford Wos A @wd3e Agsta -80

Coll BaAsF L)

NF-«¢Bel & u] o]s& AFstr] $l8te] 5'-AGT
TGA GGG GAC TTT CCC AGG C-3' 47] w4
< double strand® FAdstew, Z+7ZF 25 g9
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up-strand®} down-strand°l 5 unit®] T4 polynu-
cleotide kines, 50 xCi(y-"P) ATPE #d7} 5 wt
of <litstE AT 10 pgel FEHHI poly(dl/
dC) 3 pgs ETFATIAL A2 1087 HAA AT
o]7lel 214k3} ¥ probe 2 gL, GRAB buffer(10X :
10 mM Tris-HCI, pH 7.9; 500 mM KCI; 100 mM
EDTA; 50% glyceroD& 1X Z7o2 H7lsld &
20 pLE HA k] 1087 HAAHT 6%9 non-
denature acrylamide gelS THE % 100 VOlA pre-
running Al1713, 919 HARRIALS} probe AT H=F
S gelol loadingdtel 150 V 1A13F A7) 453t}
GelE 7x2A7]13, X-ray filmol 23" &24AE 3

A&+
3. Northern Hybridization

Total RNAE #el8t7] flste] A4x2(50-100
mg)°l TRI reagent(MRC Co, US.A) 1 mL& H7}
3t ¥ homogenizer(Polytron Co, U.S.A)E ©]-&3}¢]
5000 rpm °]dellA 30x Feb ATk e
Z215 Eppendorf tubedll &7 F&elA] 5@t WX
S Uh& chloroforms 200 gL #H7bste] wwkst vhs
1587 HAAAL 1 F 44 Byste] 224
DNA, w¥ld 5& AASIATE vA] dZ el 500
#L9] isoprophanolE #7lstal ¥4 &gl RNA
pellets 25319t RNA pelletoll 75%9] ethanol(1
mL)< #H7bstel AE $ 1xA171 - DEPC(die-
thylpyrocarbonate; Sigma, USA)E &3 ZF50ll
E3A71a ~70°Col B ek

VEGF % IGF-1 238E& HES] 93] total
RNA 20 pgoll formamide(10 L), formaldehyde(4
#L), 10Xgel running buffer(2 gL), ethidium bro-
mide(2 #L; 400 pg/mL)E H7Fste] 65T 10%
1 WAANAT dgdA 5% St WS & 2Xx
loading dye(20 nL)E #7Fsl] formaldehyde’} E
3t 1.2% agarose gelolAl 15 V&2 12417+ A7]19%
sttt A7) 9% ¥ agarose gelS nylon mem-
branedl] FoJAIA A2l XA THE cross-
linking(Ultraviolet cross-linker, Fisher Scientific
Co, USA)3t] hybridization®l ©]-&3 w7}« 22
o Haatsich

VEGF$} IGF-I probe 4] template DNA 50

ngg 4 WAAZ F 5X labelling buffer(Promega

lo

Co, USA) 10 pL, 5 M dNTP, 0.8 ug bovine se-
rum albumin(BSA), 50 #Ci e-"P dCTP, DNA
polymerase 19} Klenow fragment 5 unitE 378}
o] AEA 607t FH-EAIA probe’E labeldt AlF
t}. Hybridization €< 10 mL(5XSSC, 0.1% SDS,
5% dextran sulphate)& 65C® 333, RNAZ}
transfer® membrane® il hybridizerol Al 1A13F
&<t pre-hybridizations A1t o]7]o] VEGF ¥
IGF-1 P cDNA probe® #7Fgh thg 18413 &<t
hybridizatione A1Z Tt Membrane< 1xXSSC% 0.1
% SDS solution®] F-f¥ AHAoZ 65Tl Al
3k oS 7Azx38te] X-ray film(Kodak Co, Japan)
of 70 CollA 72A1F B 7HEEksirh.
4. A MAL SN S (reverse

transcription-PCR, RT-PCR) Y
Competitive-PCR

Total RNAS] #2)&= 219 FdsA Fastd o
RNA 3 pgS 65T 103 ®AdA7] AL &
718l cDNAE  AFsdd. 34
VEGF % IGF-I ¢cDNA10 gL)°l Tag-polymerase
T4 WS kel VEGF cDNAO Sejxez
188} primer 5'-GAC CCT GGC TTT ACT
GCT-3'(sense)? 5'-AAT GCT TTC TCC GCT
CTG-3'(anti-sense) & AH&3FATE IGF-1 cDNA®I
Eolxog uHkgsl= primer 5'-CAC AGG CTA
TGG CTC-3'(sense)? 5'-CTT CTG AGT CTT
GGG-3'(anti-sense)E 717t 1 pL(10 pM) #H7}ste]
SES F 2% agarose gel Aol HE FE FARS
Atk o HAF Wb § E=ASE VEGF mRNAS A
#Z317] 98] competitive PCRS S&393, D&
st standard VEGF cDNA® A2 RT-PCR
SEE 432 bpe FAFE 210 bpE AASFATH
Standard IGF cDNA® #|%2 RT-PCREZ TZH
175 bpYl 72 53 bpE AASI At Z+
7te] o MAL 4HE cDNA 10 pL9 AI#HE standard
VEGF % IGF cDNAZ 1 ngS 22 PCR tubedl
T d B34S 919 RT-PCRIY 2 x7e=
A

=2 2%

£

12 Ay

=]
S8

32

ol
ol

[e) [e)
gk-3-oll &

F

o

a
o
2]
[l
@
=
=]
T
<
o
2
=
[N
&
N
o
=4
o
=]



EDTA, 50 mM Tri-HCl(pH 80), 1%-NP 40, 1
mM aprotinin, 0.1 mM leupeptin, 1 mM pepstatin
7 e 84S 1 mL Ak & R D}"
14,000 rpmelA 30 & F<F 94 EEsA &

(20 pg)2 10% SDS-polyacrylamide gels< ©] offl
A7195S T3 WA® F polyvinyl difluoride
membrane®ll Ao]AZth Membrane<> Phosphate-
buffered saline(PBS)el 5% skim milk7} 37k &
Ao A Z}FA] )3l polyclonal anti-VEGF antibody
(Santacruz, CA)7} H7hel &M 1A+ F<t 4t
<H ¥ PBSAl 0.1% tween-20°] Fi-¥ &Ml
157 &9 AlH3}Act. Membranes goat anti-rab-
bit IgG conjugated secondary antiboby”Z} 7}
G Aol A 1A% st ¥hEF e Kodak RE& &
3] immunoreactive bandsE Z7%43t92™, bands<
AE F=E densitometer(Sci-Scan, USB)E £3

s} sl

EMSAZ ®A3l9it)
el @ Jol2 NF- (B9 o]Fd

1)\]./\7 (<]

- /\\:!
2 o] HARIAL NF- ¢ B9 717} velk=dl A4k
2T & ATt

2 3AIZEE 6213 EoF =E A9
1 et th(Fig. 1A). ol#dk NF-
kB AtA =4 St 9 ] dEe B A
A e HAGAR] 24 A E A &EE daE
Bk AALZEA AP-18 c-Jun¥ fos7} 2FH

dimer®] @uidz dutHow izt RIS W
[e]
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2ANA 7] WS
a8y NKX-25+ =
WskE VERA| %}9}5}. NF-¢Bel 3 o] o]5& <
Ast7] 8ke] 14Be EalgA ZHgo] wumE di-
ethyl*dithiocarbamic acidDDTC)E  AH8-3F¥ =],
AT frE 168 Aol A4 = 574 WE DDTC
S Folalda AR & 6A1X7HA NF- B & Ul

ol
E
E
il
N
b
2
o
fr
T
ul
o %
fnj

olF S #EIAY. DDTC Fo 2 6A7HA
o] NF-«B9 °lso] A< g1Atk(Fig. 1B).
2. NMatA gt NF-«B &3 3 VEGF2

S0l 9
IGF- I°| H5}

Xi&iil s Zi% HP%ﬁi FAHE A

7}51% Xhu%— e_‘fé iLJJr DDTC FoZ NF-«B
A3 oA VEGFS IGF-1
o HEE 77t SASIGE o]0 wdAS APl

=38 4 9+ competitive-PCRZ 2]
3t E=d, VEGFE AAAE f % 3 1AZMAEE

o] UERETh NF- Bl 8 ] o]%o] Axld] 9o}

A Hypoxia
0 1 3 6 12 24hr

W s BB a .. | «NF-xB

< unbound
oligonucleotide

B Hypoxia / DDTC

< unbound
oligonucleotide

Fig. 1. (A) Induction of nuclear factor kappa B
(NF-£B) activation according to the different
lengths of hypoxic exposure in heart muscle. The
expression of NF-xB was increased by hypoxic
stress. (B) Blocking of the NF-«B activation was
shown by pretreatment with diethyl-dithiocarbamic
acid(DDTC), a inhibitor of NF- « B.
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A Hypoxia

Hypoxia
/DDTC

B Hypoxia
1 3 612

<+VEGF
< control

Hypoxia
/DDTC
0 1

IGF-I
1:control

Fig. 2. (A) Changes of vascular endothelial growth factor(VEGF) mRNA
expression by NF- B activation according to the hypoxic exposure in
heart muscle. Increased VEGF expression in the hypoxic exposure was
shown. The expression was inhibited by pretreatment with diethyl-dicar-
bamic acid(DDTC). (B) Changes of insulin-like growth-IOGF-I) mRNA
expression by NF-xB activation according to the hypoxic exposure.
Increased IGF-1 expression in the hypoxic exposure was shown. The ex-

pression was inhibited by DDTC.

Hypoxia / DDTC
0 1 3 6 hr

Fig. 3. Northern blot analysis of VEGF mRNA expression by NF- ¢ B activation accord-
ing to the hypoxic exposure in heart muscle. Increased VEGF expression in the hypoxic
exposure was shown. The expression was inhibited by diethyl-dicarbamic acid(DDTC).

i 3713l VEGFOl 23o] F7hElen o3
7W7F 12ARAA] AL&E A 28y DDTC A A=
A3 TelAe olEd AT 93 VEGFS

A ST YEhA] @skem e8|y Histe A
< BAthFig. 2A). IGF-19] ZdE AHiAaF Al
FEHAJAT DDTC A AX AF oA D3]
A tHFig. 2B). ol’Fel VEGFS 23le] Wsts
Northern hybridizationZ T ze] W3lE o5
4 U= Western hybridization®2 ThA] &218}%)
th. Competitive-PCR¥} &U3Al AAkad oA

VEGF mRNAS$} protein 25 @do] F7lElon
DDTC A Hx A9 & #2239k (Fig. 3, 4).
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T A BEE BAde QFmde] 1

A (stretch) A=l 9)dk nv]E7} zge] Rux
o g wg Al AaE AHE o1 o
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Hypoxia / DDTC
6 hr

Ad

T
‘.-_“"" " s ¢ VEGF

Fig. 4. Western blot analysis of VEGF protein expression by NF-«B activation
according to the hypoxic exposure in heart muscle. Increased VEGF expression in
the hypoxic exposure was shown. The expression was inhibited by diethyl-dicar-

bamic acid(DDTC).
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Aol whAI #BE e AAIAS NKX-259
NF-ATc9 ®W3ts #EsA. 4 vdE v %3t

o] 43 Al NF-«B9 #43}= velhdroh NF-
kBT & UZ2 o]Este o8] A3 A& lympho-
kine 5< wdA7E Aoz AztAn. Fig. 1914
el ble} o]l AARIZL NF-xBE AMAT =&
I FAle] HFo] FEEAT o]y g NF- B9

FAQAEY B

o m

AARIA NF-ATE 43t
phokines¥ cytokines? &S
A ATHY, ole)dk NF-ATE 4719 isotypese] 9
=d A Ay AdEds o ¥ =
isotype2 2+ NF-ATco] Hilyar )
o AA7A AiknFold Al Hldlel #ste] NF-
ATce 2o #3 &
Ao A= Aol =ly
dol fEE & Ay HF w=F AU Aii
A 24X = olE @ NF-ATceol A4 W 23
o] A&A 0w fFAEE HEdth NF-ATE

AEZA e phosphate FEIE EA|HH 2JH-AQ A=
of MEZA W calcium® %7} F7FsH¥ calcineurin
9] dephosphrylation &4d¢] F=FWA & & o]
Eett? @ Sussman 5o 9ahH e]2)gh cal-
cineurin® #-&& Wajstd Aol BgE AAAIZ
g drkal HaskdEd o= NF-AT7F A% vitfe]
el A o] Izt wHE WA= Fo
2 74 @ 4 Atk NF-ATc9 knock out mouse”’t
A we AAFA PA ool #EEo] %79

i

Aol wATAe oleld NF-ATc7h F88 7%
P e wAAW, A vt gestelN:

NF-ATc] #-go] A7} #ago] 7hgdm ik,
012 FHsly] YalHE NF-ATce & U o]5S A
AT EA EEAT B2 o&3 A WY F2 A
A% dlol VEGF < ®¥stel dig A7 383
AoR Atmdnt ¢ HARIA NKX-25+ Aaka
Z AF Aol 3 2de Wl Itk AF7HH <
EI_ H

T NKX-259 &de 47 2o =3kxo] 9l
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cardiac actin® ANF2| W] #ojsl= Zlo] Hi
ok Qo017 o] elxprt el w4

Hof wrado] Wyt YehueE HARIAE E G
AZE NF-¢Bol AW, 1 9]¢
AP-10] 9A] &#A dom® o]gs AP-1S TGF-

Artas D A8 A ATLHE W nitric ox-

ide(NO)9 RS /&3 o]oA] protein kinase C
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(PKC)® @43} 71ete] ole] kinase® @437} &
saty 282 Qi No9 @47 o8 pro-

tein kinase®] #A3le AgddAoln A& RE3)

= VEGF$¢} IGF-19] %38 718 fxsked A
AT e 732 9 Al BAst= A
BHE Fsle], o]dt VEGFY WdoZ angio-

genesis®} vasculogenesis’t dojdtin HuE 1 9)
o EH Auad AT A AAEY AEY

s 9%k IGF-19 #ds frested ol 2
FE7F Akt/PKB AZAGANAE & = =
gdegAm Yo, B AT ARINE AdaF AT
I FAlol VEGFS} IGF-19] T&o A =

i

o]
Jo
k1
i

A2tase VEGFY #dS £33}
9 remodelings FEA7IE Ao2 Al E L we)
A Aol oy AFe2RH RHIFHE ATAAE
NOE 743t NF-,BY &4 FE=Y, NF-«B
= VEGF¢ IGF-1 55 2dA7I9 o8s A 7|F
B3 7% BExE oxd o X HEHS §A5E
Akt/PKBe] 4ZE T4 A7) Aoz FAHHL,
g oly] AT Ui NF-«B9 A% 237)s
o g TS dA & A= NF-«Be &)

Y29 olF AH3AZ DDTCE 57 el T35
A, AdaFd 2 A A=5o=2 Qg VEGFS
IGF-1 W39} 37 NF-,Be & ) @3z A%
#HAdS #AZsRY DDTC Fo] & NF-«B9
g olFol A= olE wddAE= IGF-1¥%
VEGFe| 2do] o33 zhadsith. A= NF-«B
3 W FA4L VEGFS IGF-19 #de fEAZe
9, DDTC %9 & 93 NF-«(B2 ZAAHE ol&

Aol BEE AaAIE ARE AATh wEkd

A+gkoll A NF- ¢BE anti-apoptosis® 71%%
Pahiz o AF ot IGF7E A2
M ES] anti-apoptotic AAZAL] 7]5E F3saL
9leol mmy up Jui m e gty shial
VEGFE T2 483 oA xe] ghso] BiEa
YANE o] =3 Akt/PKB A=2E 74 o] A
o] BEHS FINA THHLRE VEGFY] A3 B
3 7%l FAAY £ w9 oy & AEAANE
)

NF-«Bel &74g Adlstd Azl olgh &l

_1

H4 AdaT dEdlA A% W AR NF-«B2l 71

w22 VEGFS 2do] Akl gl&e] v

A1 gf. A AdaF 5o AT Al AAeA

NF- «B7} 4% VEGF$ IGF2] Zdo] #ojsts A
o2 AlgHY # AFolAE NF-«Be €47 #
Aslo] M HZQIAY cardiac-actin 59 TS
PR FQA N AabaZo]| g A RIS
°2 NF-«B9 43 VEGF} IGF-19] %do] &
83 7l5s FIYste 7|EH AALE FAHYE &
=
o] el

2 ®: AAIA NF-¢BE 2E#XE SO024HEH

AEZ 2ApdAME Z2HEte] H&S fAske 7|84

232H A B35 7)%5o] AH NF-«B
7 VEGFSF IGF-19] 2d dAa4dS A EsH
AEsHA QA 714S olsstaA} st

1

0z

B : 23 % 52 Sprague Dawley rats ©|&3}
o] A4k A& 8% AbAst 92% HAE hypox-
ic chamber® IFAZIH FEATE Al g
Ak A F ASAZREE A AAEY A4
€ o gy ddwd 23 mRNAE #938
gtk 3 ule) HARIANE EMSAR F3stalon,
VEGF¢} IGF-19] @82 competitive-PCR, West-
ern hybridization, Northern hybridization®-2 &<l
skick gk olefgh gt W wEE NF-
B2l 7lsE& E18t7] f15ked NF-«¢Bo| & W o]&
°lAIAQl DDTCE A AAZ 57 Wl FAlste] Lo
w2 VEGF 3 IGF-1¢] 238 ¢d& vustth
Z o} AL AT Foll AT AlE Hell dARRIA
NF-«B, AP-1, NF-ATc® @Ao] ZF7h= At
VEGF$¢ IGF-1¢] 23k #A5kas 25 Al S7HE 3

A5t DDTC A A=Al 9)d NF-«B & W °l&
Ak Foolg elxpe] wEe oo A AT
A B ArAA NF-¢BE AtaZ AejdA 2
FAo] Feta AiaZF AEiel e Aol ik
olA A= A] VEGF¢} IGF-19] 2&8S Z7IAA A
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