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0x

Hepalclc73 MCF72 American type of culture collection
(ATCC,USA)2. & 193} 91 3L, hepalclc7ol|A] HIF-157} 4
£%] hepalC4+ Hankinson© 2 XLE] olo] A-&3l9ch 10%
fetal bovine serum (Hyclone, USA)Z} penicillin (100 units/
ml)/streptomycin (100 pg/mi) (Gibco BRL, USA)o] E3l%
RPMI 1640 wHokulA] (Gibco) S AF-&abod, 37°Coll Al 5% CO,
7t F7E 27004 mds i

2. %= A3 ¥ YA ZA

i FA719 AZE wigmAel g4ste] 2x10°
cells/mlo] = A] &} 96 well A X uljekite] Z+ wellol] 200
W4 Yol 2447 Wiokste] AEE FHATL F 260 M
desferrioxamine (DFX, Sigma, UK)2 Z} wello]] ¥-2 ] 64
2 Fol AR ZAE Yok WAAS 6MV X-Ray

(Mevatron 67, Siemens, USA)-g& o]-&3}o] 100 ¢cGy/ming] 4
2g- 7 A4 ZAITH HIF-1¢2] W83} apoptosis?]
=8 Aaslr] 93l 25 Gyo WAARE e, AlE
AE B8& F317] 918l 2 Gy, 4 Gy, 6 Gy, 8 Gy, 10 Gy
WAL S A E =AY

3. Immunoblot assays

WALEA 64 ol AZE AT 2 25
(PBS, pH 74)2. 2 33] A|Hg ¥ 5

A pet ¥ 429 Wl A 2
&9 4ulol] s} ice-cold hypotonic lysis buffer (10
mM HEPES [N-2-hydroxyethylpiperazine-N -2-ethanesulfonic
acid, pH 7.9], 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA,
1 mM dithiothreitol (Sigma Chemical Co., St Louis, MO), 0.5
mM phenylmethylsulfonyl fluoride (Sigma)) doi 7PEA] 2
FAZEH A-goll 1587 FAck HF F=7F 02%71 = A
NP-40-& Yo 587 74317 vortexinggirh. 4°CollA] 557k
3000 x gol ] 94 Relehol 4o wleln APBE
o] AAES 489 ice-cold extraction buffer (10 mM
HEPES [N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid,
pH 7.9], 04 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM
dithiothreitol, 1 mM phenylmethylsulfonyl fluoride)2. Y54
Ak, 4£°CoN A 1587 £A71 5 31,000 x goll4] 24 B
g% 5 Azog ogch oS oy gele SDS
polyacrylamide gelol|4] 100 voltZ 1A]7}F <k A 7] oFA
7l % nitrocellulose membrane &. & o] TR} t}. o]l & 5% €
A58 0.1% tween-205 £33l PBS (blocking <)ol 24]
7¢v E<9F wX$)a anti-HIF-1¢ ¥ (Novus Biologicals,
USA)E 2417} uk&-A1ZA ). ©hA] PBSE M| 3}3l horsera-
dish peroxidase”} Zgtx o] Q&= 3 E7| 8 1gG 34| (Santa
Cruz Biotechnology Inc., USA)Z 1A]7} ¥F-2A17] t}& ECL
Western Blotting Detection System (Amersham, USA)S A&
slo] x-A HEA ol VEhtE bande] FHoE whuld b

r-{m

A E2] AE-E-2 microtetrazoline (MTT) (Sigma) assayE
o] &t glch MAA 24 F 12417bo] AuE | wigr]el
A 96 well A uljek AE 7Ado] MTT £N(5 mg/ml in
PBS)& #F HE7F 100ggmlo] HEF Yol Fgich
MTT 2] ¥ 447kl 10% sodium-dodesyl sulfate (SDS)7}
235 001 N HCl £-98-8 200 plfwell®] 2d7}stod Ao} gl
© AZol 2 B4R E&A4 S Hebdy formazang 83l
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A|7! t}-g Enzyme-linked immunosorbent assay (ELISA) &-
A 7(Molecular Devices, USA)E 540 nm<| sialollA Esd
5 FAs9h

5. DNA &3

WA 24 F 642 Foll AZE FFsle] 05 ml 3
-8 H(0.5% triton X-100, 10 mM EDTA, 10 mM Tris pH
7422 AFollA 2087 WHAIA Salistdch SelA 2
e U A EAF] DNAE Z3heh A5ae 1087

5000 x goll A ¥4 E& &, sl F2EEEOR 3
3] &3l olgE HAE A7 ¥ 20ug/ml RNase AZ
Y& pH 8.0 Tris/EDTA®] %9l & 37°Col| 4] 147+ £t u}
SAZA}. DNAE ethidium bromide® <33 I 2%
agarose geloll A7} o-Fslgiv).

6. Propidium iodide (PI) nuclear staining

Propidium iodide (Sigma, P4170)& ZFo)] o §x107°
Me] A #to] "o] AtsEl Fol| 4°C o]} H= Lol B
H ALk A =24 6417 ol PL B &S wY
& AZol Yu AR HE FE7) 44Mo] HA
stod, Wol gl AollA 1087 vickdicl. 7 3 AlelA
ATE 23 A OF YgduPes H2 W3S %
sl et

7. Apoptosis? HEE 2M

Apoptosis®] A #A BAS sle] apoptotic cell death
detection ELISA kit (Boehringer Mannheim, Indianapolis, IN)
& ALleh WAL 24 647 Foll AT 35t0]
lysates WFE ¥ mouse anti-histone antibody (clone H114)Z
FZA17] microtiter platesol] 4] ujokstod endonucleaseel] 2]
3k DNA 3}3of] oJsl] 48] DNA oligonucleosome-g 73}
ARt} Plated A& s]-aL blocking buffers 1] Eo]A gk
g A8l 2E  nucleosomeS  anti-mouse  DNA
monoclonal antibody (MCA-33)2} 733+A}71 & peroxidase =
conjugationd}9dth. ZetE peroxidase?] ok 7|AZ 2.2’-
azino-di-(3-ethylbenzthiazoline-6-sulfonate) (ABTS)S A8}
o ZA3l% 31 ELISA reader® 405 nmell 4] 24319}
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Ag i AE SAE FUsy] S hepalcley,
hepalC4 18] 31 MCF7¢]] DFX 8] ¥ immunoblot assayS
As8=t] 7 73} hepalcle79F MCF7 A Eo)| 4 &= DEXol]
9}3l] HIF-1go] Z7}gl o, HIF-147} <% o] HIF-1¢9]
8 WEO o]o] o]FolA A 9k hepalC4 Al EoA&=
DEXX 2ol ]3] HIF-1a7} Z7}5]A) gk}, o & A Lo
25 Gyo] WAATRE ZAYE W HIF-1a9 £717} §l9l
ou}, DFXE AANY 5 22 ¢ PALE 24P
Wl DEXT 9% A2lshe wiieh HIF-1 o7} o wol
#zjo] WAHo] DFXell I3t HIF-109) wale 27347
oHFig. 1).

2. WALMOl M= MZE EE0 0|Xl= g

HIF-1o 8 §5971 AR 454 mXE 508 2

L84

#s17] €8] DFXol| HIF-1 o] Z7bski hepalclc? A E9}

DFX - - + *

Fig. 1. Up-regulation of HIF-1 ¢ protein level by irradiation 25
Gy (IR) in DEX treated cells. HIF-1 ¢ protein levels in nuclear
extracts of hepalclc7 cells (A), hepalC4 cells (B), and MCF7
cells (C).
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Table 1. Radiosensitivity Parameters for Hepalc1c7 and Hepa1C4 Cells

Hepalclc? HepalC4
Cell
SF, (CVM) SEs (CVM) MID (CVM) SF, (CVM) SEs (CVM) MID (CVM)
Control 0.93 (0.06) 0.23 (0.04) 5.92 (0.31) 0.92 (0.08) 043 (0.12) 7.54 (0.21)
DFX 0.92 (0.13) 0.74 (0.11) 21.64 (0.43) 0.92 (0.05) 0.60 (0.14) 11.11 (0.23)
P values 0.546 <0.01 <0.01 0.698 0.132 0.084

SFz: (geometric mean of} surviving fraction at 2 Gy, SF8: (geometric mean of) surviving fraction at 8 Gy, CVM: coefficient of variation
of the mean, MID: mean inactivation dose (Gy)
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Fig. 2. Effects of DFX on radiation-induced cytotoxicity of hepalclc7 cells (upper panel) and hepalC4 cells (lower panel). The cells
were irradiated with ionizing radiation at the indicated doses. The cytotoxicity was measured by MTT assay after 3 days. Data
represent the mean and SE for three independent experiments.

T2 A ok hepalC4 A|Eol] DFX Xz|3t 253 Hzls} Hepa1C4 Hepaicic?
A g aFE Uiro] A 2AE sl X AE
23% z=Asla SF, SRy Elm MIDE Al
hepalcle? M FE A= SF#} MIDo| p<0.05& ¥ 18 A
olof] FAITA {-oJgt Aol F B 21}, hepalCd Aol A
+ SF;, SFs, 18|31 MID B4 5 2§ Alo]d] &A%
 Fogk Kol & HolA] ¢khrH(Table 1). o] & A|E Y&

)
TAS a8 24308 o] hepalclc? A ZojA= DFXE X
Setoza AN Aol A Badt AL £ % 9

3. DFX7} radiation-induced apoptosis®fl O|kl= &1}

Hepalcle7 A|F$9} hepalC4 A EZ DFXS AAx]e1x

2 IFT AAXGG 2Fo R Yol 7 A =24 Fig. 3. Radiation induced apoptosis in hepalclc7 cells and
2 3 = HA3L ul o (2 plxls hepalC4 cells treated with (+) or without (—) DFX after 25
=% DN? wASE o2 apoptosisE ST Gy radiation. Genomic DNAs extracted from cells were
hepalcle? AlEellA&= DEXE AeslA] e g+ analyzed in 2% agarose gel.
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DFX

Hepa1C4

Fig. 4. Propidium iodide (PI) nuclear staining of hepalclc?
cells (A, B, C, D) and hepalC4 cells (E, F, G, H) analyzed by
fluorescence microscopy. Cells were incubated without (A, C,
E, G) or with (B, D, F, H) 260 uM DFX for 6 h, and then some
group (C, D, G, H) were irradiated with 25 Gy. Cells were
stained with PI after 48 h.

apoptosis7} TR 9] 01} DFXE 2| gl gl 4] apopto-
sis7} doju}A] 9kgkom, hepalC4 AE A= DFX g
$rioll A glo] apoptosis7) U ol ykrh(Fig. 3).

9o} 22 who DEX #el ¥ WA 245 % 5
PI nuclear stainingS- 3} &3 ¥w|7 2.2 apoptosis -5
2 BAWS u] hepalcle? A EollAE DFX A Hx|gos
wFALA o] 213} apoptosis7) 7F4814] S} hepalC4 Al Zoll A
£ DFX A AA] f3oll whe} apoptosis HHE A Sol x}o]
S o] ¢ho} DNA 23t whiol &8k Aztst SAsH
DFX7} radiation-induced apoptosis& 2] Al glrh(Fig. 4).
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Fig. 5. Changes in apoptotic activity in hepalclc? cells and
hepalC4 cells after treatment with 260 M DFX and/or 25 Gy
radiation (IR). The percentage change in apoptotic activity was
calculated by using the respective absorbance in the treated
cells divided by the untreated cells.

Apoptotic cell death detection ELISA kitE ol -3¢
apoptosisE A3 02 BA3}irh Hepalcle? A Zoll A=
DEXTF Helgt LgollAe thz 2FHE} apoptosis7t 5%,
WA 2288wl 37%, DFX A 3 A4 245
P& Wi 16% S7hstdvh. WbH hepalC4 AjFEol M=
DFXTF H2lgk 2FollAyE vz ZEFE apoptosis7t 4%,
w2 S Wl 35%, DEX Al ¥ Al 24E
Y& o= 31% Srtetsich. AR 24 AE 25
DFXE AXxjslm WA =AE 3 2% 7He] apoptosis
AL AolE EAISFH o7 BAYWE uff hepalcle? A3Ed|
A fogk Aol7l gl a(p=0.03), hepalC4 AlZEol| A=
Zpol 7t §AS tH(p=0.95)(Fig. 5).
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oF =AM o] AE FHAo] A% A% ¢
7} &5oll wlel A3 AAe] welrbA] Kol GFoRLE
150 m o] AFe] Aglel] 9 A Fi= A4 Aelol whA| o],
ol &2l =77t 1~2 mm’ ol Fo& Aed A9 B
£ aEotellAd & 5 gl @atolrhY ol Feloll A A
A9 A HRL wEAY AL Mk AFAS IS
A Eet Be A ETE FA KB apoptosisE AHE Y
= St

ol2lgh AN Adts S FEekn AE) 9
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o] gzl BaAsE FHES} ¥
% (malignant glioblastoma)ol} 4]+ HIF-1 a7}
HIF-1 o8 W Aot e dA =
AANT, 53] 24 TRl o] W
A& A7} HIF-1o W8 Ado] U
Eﬂ’i\;}'.m)
= 3 o Fokel FAC g dTtdllA
Haugland $°"& AF7%gtellA] HIF-1¢9] 28 Ax}
FHAEE, Aol zElx F4e] VE vEHGS | F
AL §-93k Hol g WA A EF ok, Bimer T2 0L
z27] AZ7EY, AuA JAZ9k, oligodendroglioma, ~18]
U2 Molzh sl Sl HIF1¢o) g e v
ol ¥ dAtets Pt
B ATFIAE A9 7 AEZFA HepaleleT XS &
3gF AEFQ] MCF7 A|ZEd] DFXE A3t BA4AS
ZA3% wf DFEX% el g wiie} HIF-1 a7} ¥ $7H
& WA ol AREZ F50l dhh Aol o
HIF-1¢9 W8 A7l Zol7}t Y& § &S HAF)
(Fig. 1).

w3} Hepalclc? A E9} HIF-187} Z<EE o] HIF-149)
7150l AAE AEZEQ] HepalC4 AH|Zol] DFX A &]s}o]
HIF-1eo) 988 $53 5 3448 24sk] wAde
ol whg A% AEE 7 apoptosisE HIF-1¢ W £l wt
g} v|szslgich Hepalele7 AlE2] 7§ DFXE 428l
HIF-1 05 53 7o) 287 gk FHEY AZE yEEo]
Z 3 apoptosis7} H Al Yo} DEXl] f5% HIF-1 g7}
A AL R 212 AZE gl o) HepalC4 A E
9 7%+ DFX A& %= HIF-1o7} F7FstA gstx
DFX X 2loll we} AE PE&3} apoptosis?] HILE glo]
DRX7F WA HIEel 3 vAA Eg Aoz 47
¥)9ic). 1 7]FA 2 F iron chelatorq]l DFX7} hydroxyl radical
(OH - ) A3} oxidative stressE ZHAA|A WA Ao o3&t
apoptotic cell death® A|lstgickzn Q78 4 gloy} >
HIF-159] AP 22 HIF-1¢2 7]%°] A% HepalC4 A
Zol|l A= DFX9| o]2|3t apoptosis 7} HA| A #2
%) ghska wAol) )8 DFXoll % HIF-1 ¢9) 2ol
Z713k A u]Fo] HIF-1 a9 2L £3 §3A7} radiation
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induced apoptotic cell deathZ 2 Alst= ©] FolPe AR
A=} o8 AT iron chelaior7} HIF-1$} ATE-1/
CREB A4 AAE fE3lx figdgo] HAolstes a4,
p21"™®! 72 31 erythropoietin FAAFe] W& F7HAA
oxidative stressol] el A TR 3 F&& ghls Zaman E'
o Zas A

Apoptosisol] g+ HIF-19] A& dsiAe dMEAE
HIF-10] apoptosisE Z=7}A|71chE= F4+3} apoptosisE & A
S A Fael drk” A& AdelA Bl
family2] pro-apoptotic member?! Nip37} &-7}sl=4] HIF-1
o7t AN ATNAE ZvketAl G HIF-1oe
DNA damageol] thall cell death -2 growth arrestol] 52t
g3-g sl ps3 T¢AA A S PFAF o o]
HIF-1 9] &43 H3YsA] o] FolA| 5L HIF-147F ZHL
ATl AE ol Ao HAEA ggedl olHZ A}
1= HIF-17} pro-apoptotic effect7} 318 Al A3l 1
U gy AqaE A4 A7t apoptosisE: AAlstE A2
2 H3s3 9} Dong 5L AAAZFo| staurosporine-
induced apoptosisol] thall T2 &4 A AEE BS
Pom, ojufl anti-apoptotic proteing] Mcl-1o] F7}h-& K.
23}?  wet AALEZES serum  deprivation-induced
apoptosisE A A|FP o o]u] Bax/Bel-2 ratio7} ZrAFPohe
B3% gub® =d Akakura S AL AFolA
HIF-1 07} 3d o2 AHikaZo|u g A el sl
apoptosis7} B A dolF& Husigcl el ofF HIF-1
o o £4 77} apoptosisE A AHER = gelAIA)
oEoket.

sk "l Aol 2l cell deathi= -5 DNAZQ] double-
strand break (DSB)el] 2l3l] Yolkc), whALA o] 2]3f DSBo|
ulallslm] A E Uloll= DNA-damage response’} Y#H Ao &
dojr}e, of7jell ATM A|2BlF} ATR A|2glo] Zojshe
Ao 7 g#{x v} DSBE homologous recombination (HR)S}
non-homologous end-joining (NHEJ) 5 7}2 A 22 &7}
5w, o 7)ol Be uldoe] Fojztm 9k o] E DSB
repairel] Frojsl whl A o] A3to] gl 7% WA
Aol Zrksle Aoz HaEa Y’ o|F AlE9
oxidative DNA damage®] repairel] DNA base excision repair
(BER) pathway7} %23} AP endonucleaseQ] Apel/ref-10]
Z93 o8- g}, mE Apel/ ref-1% redox factor 4] 2]
71%& sto] Fos, Jun, HIF-13} & qhe) Wi} A sjel]
Folsl o] AA AAE GAsE] Fogte” HIF-1
2?] WAA A e /1AL AFslr] AL o
£ 9uiAs} HIF-109 4% Zgol tizk d77F glolok
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— Abstract

The Expression of Hypoxia Inducible Factor-1 « by Desferrioxamine
Induces Radioresistance in Mouse Hepatoma Cell Line

Byung Hyun Kwon, M.D

Department of Radiation Oncology, Pusan National University School of Medicine, Busan, Korea

Purpose: It is well known that the radiosensitivity of tumor cells can be significantly reduced under hypoxic
conditions. Hypoxia-inducible factor-1a (HIF-1a) plays a pivotal role in the essential adaptive responses to
hypoxia. Therefore this study investigated the relationship between HIF-1a expression and radiosensitivity.
Materials and Methods: Mouse hepatoma cell line hepalcic? and HIF-1 S-deficient mutant cell line hepalC4
were used to analyze the role of HIF-1 @ on radiosensitivity. These cells were exposed for 6 h to desferrio-
xamine (DFX) before radiation. HIF-1 @ expression was examined by Western blot. Apoptosis was assessed by
DNA fragmentation, propidium iodide staining, and apoptotic cell death detection ELISA kit. Radiation sensitivity
was determined using MTT assay. The radiobiological parameters, surviving fractions at 2 Gy and 8 Gy, and
mean inactivation dose (MID) from the linear-quadratic model were used to assess radiation sensitivity in the
statistical analyses. .

Results: The expression of HIF-1 @ was increased, whereas apoptosis was decreased, by radiation in the
presence of DFX in hepalicic?, but not in hepaiC4. The radiosensitivity of hepalC4 cells was not significantly
affected by DFX treatment. The radiosensitivity of hepaicic? cells was significantly decreased in the presence
of DFX

Conclusion: The expression of HIF-1 & by hypoxia—mimic agent DFX reduced apoptosis and radiosensitivity in
mouse hepatoma cell ling hepalcic7. These results suggested that HIF-1 ¢ could be induced by irradiation in
hypoxic cells of tumor masses, and that this might increase radioresistance in hypoxic cells.

Key Words: Hypoxia-inducible factor 1 @, Radiosensitivity, Hypoxia
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