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Hepalclc73 MCF7-2 American type of culture collection
(ATCC,USA)S. 2 T3} 3L, hepalclc7ol A HIF-1p7} 2
=% hepalC4= Hankinson®. 2 HE] dof ALL3}ATE 10%
fetal bovine serum (Hyclone, USA)3} penicillin (100 units/
ml)/streptomycin (100pg/ml) (Gibco BRL, USA)°] X% 4
RPMI 1640 Bl %8 2] (Gibco)E AF&-3}¢d, 37°Coll A 5% CO,
= EEE PR L

2. %= A2 F AR ZA

F A9 AXE WAl FAEte 2x10°
cells/mlol A 8t 96 well AlE vjFH2] ZF wellol] 200
Fol 247 vkt AEE A F 2600M
desferrioxamine (DFX, Sigma, UK)2 7} welld] ¥ F 64]
o WA 2AFE Aok BARAES 6-MV - X-Ray
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(Mevatron 67, Siemens, USA)S ©]-83}4] 100 cGy/min2] 4
F/k%i oA ZAR T HIF-102] W&} apoptosis<]

JEE F&st7] H8) 25 Gy WA ZS o, A=
AE B85S 1317] 93 2 Gy, 4 Gy, 6 Gy, 8 Gy, 10 Gy
WAMA S GAEE AT

l‘

3. Immunoblot assays

WA ZAL & 6413 F0] AIZE 358t 14 k5o
(PBS, pH 7.4) 2.2 33] A3 & 587+ 5000 x goll A €
A 22 F AFde wgn AxE IAdES G A

HAE9 489 3|FSt= 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)) ¥ o] 7}HA ¥
FANE D&l 1583 ] HF $5=7F 02%7F =
NP-40S 2] 5E7F 73kA vortexingZ o). 4°Coll A 583F
3,000 x gollA LA Eejste] FFde WL
Aol HAAE 48]9] jce-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)Z F-+A]
Atk 4°Col A 1587 E3A1270 H 31,000 x goll A A4 &
g3t F ASdS dUth 4 @il gde Sps-
polyacrylamide gel*l 4] 100 voltZ 1A]7F 5 A 7] F&FA]
71 % nitrocellulose membrane &2 ©]FAZ T} °|& 5% &
A9 0.1% tween-205 X 35H= PBS (blocking &)l 24]
7t Fob WX &I anti-HIF-la 33 (Novus Biologicals,
USA)E 247 WESAIZA T ©A] PBSE A A 3}3L horsera-
dish peroxidase”} A= = & E7] & IgG & A (Santa
Cruz Biotechnology Inc., USA)Z 1A]7F ¥H-&-A171 ©4& ECL
Western Blotting Detection System (Amersham, USA)S A}&
ato] x-A BEAF YEE bandd] FHOE T A
s FAEA

4. MTT assay
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< microtetrazoline (MTT) (Sigma) assayE
o] &t ATt WA AL F 72430] BItE FH wj g7l
A 96 well AlE wi%F S Aol MIT €945 mg/ml in
PBS)S HF TE7F 100pgmle] HE=F go] Frh
MTT A2 & 4A]7kel] 10% sodium-dodesyl sulfate (SDS)7}
Z3d 001 N HCl €95 200u/well®] 3 7}she] Ao}l gl
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15,000 x goll Al A4 #3 §, H= FEIXFOE 3
3] F&s8ta dgE FHE A2l F 20pg/ml RNase AS
Y2 pH 8.0 Tris/EDTAC] F21 3 37°Col| A 1247t ot b
SA|AY. DNATE ethidium bromideZ QA3 H 2%

agarose gelol H7] 453 Ac}
6. Propidium iodide (PI) nuclear staining
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T A& T AR ZAF 6417 Fo PI

)

pri:i

s _l% bt
o
=

G AEZ w3 A AFE 40 = P M| = A
atof, ol gle d2olA 1023 . 2 & A4
w2

4228 AH8 e fsg%z‘am oz Be 3
sheie.

)
ofd
o

7. Apoptosis?| MZFN EM

Apoptosis®] A #HH HAS 935}o] apoptotic cell death
detection ELISA kit (Boehringer Mannheim, Indianapolis, IN)
S ARSI T AR 2AF 6417 Fol HEE 34381
lysateE THE  mouse anti-histone antibody (clone H114)&
&2 A1Z] microtiter platesoll A B ¥F3}ed endonuclease®l] <]
3k DNA 339 23] #2]¥ DNA oligonucleosome S 23

Al Zt} PlateE A&} blocking buffer® H]Eo0]2 A%
S JAIEYETY. Z23E  nucleosomeS anti-mouse  DNA
monoclonal antibody (MCA-33)2} 23171
conjugationd} 4 th. Z3E peroxidase?] ¥ 7|AZ 2.2'-
azino-di-(3-ethylbenzthiazoline-6-sulfonate) (ABTS)E A}-8-3}
o] ZA3}% 3 ELISA reader2 405 nmol Al 3743}t

% peroxidase 2

8. Mz 4ZE M X SAH A2

ME AE ZAHLS

= L linear-quadratic model S AF8-3}o] 3
stk o] EHe InS=-aD-pp’2 AERI st W
A% d Gyl F3=2 7o, o8 & ﬁﬁé 3]

WL Agse] AE Yo HgAAG

A o]l &4 olW pE 00Z il InS =-aDdl| ©F 3
AEHE kL, o F4 ghol S5 oF 082 3t

Ins=-pD%] el FAEAL Ao 7 4 LEE 2 Gy
(SF2)¢} 8 Gy (SFy)ollA o] AL #9& ALt

WAMD RS THHSZ H7het7] 913l mean inacti-
vation dose (MID)E AM&3&tdom, ol FA3 linear
quadratic parameters AH&-3l] A& F48 AH&Este] ALt
3tk

Ay T 7+ 2}Fo]= unpaired student’s r-testE
AR oH, Fo48 FES 0052 A
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1. 2hARMof| o8t HIF-1a 23l 5}

A o AEY EAS ZRlst7] 93 hepalcley,
hepalC4 123 MCF74 DFX *2] ¥ immunoblot assayS
A=t 2 23} hepalclc7$ MCF7 Al X ol 4= DFXel
o]} HIF-1a¢] %7}g)o ™, HIF-1p7} 2<% 0] HIF-1a9
8 2] o]Fo] o]Fo|AA| Y hepalC4 MEAA=
DEXA 2]l o3 HIF-1a7} S71E Al ¥%th o5 AlXo
25 Gy9] WARITHS 2AE W HIF-1a9] S717F 819
Sy, DFXE AAXAS H 22 &9 s 2AES

© DEXWF &= A& WY HIF-1o7t o Bo] &
)0 HrAlA o] DFXOl 938 HIF-1a2] ¥dE S74AF
CHFig. 1).
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Fig. 1. Up-regulation of HIF-1a protein level by irradiation 25
Gy (IR) in DFX treated cells. HIF-1a 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 Hepaicic/ and HepalC4 Cells

Hepalclc7 HepalC4
Cell
SF, (CVM) SFg (CVM) MID (CVM) SF, (CVM) SFs (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)
DEX 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

SFy: (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 hepalclc? 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.

182 e hepalC4 A Eo] DFX XEld 183 Aza}
A e OFOZ Yo HAA ZALE sl AlX AE
23S zABII SF, SFy 181 MIDE AT

hepalclc? M Eo| M= SFd MID®] p<0.05Z F I1F A}
olo BAITHY F-23t 2o]E B O, hepalC4 Al 3ol A
SF,, SFs, 12|31 MID EFoA F & Atolo] FA %
o3t 2po] S Holx] YdtiTable 1). o] & A A&
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3. DFXZ} radiation-induced apoptosisoll O|X|= &1}

Hepalclc7 A|3ZS} hepalC4 MEE DFXS A A 3}A
OF% AAXG 2502 rol 74z A 24}
£ 3 5 DNA 43 WHO=Z apoptosiss F&ESI T
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Fig. 3. Radiation induced apoptosis in hepalclc7 cells and
hepalC4 cells treated with (+) or without (-) DFX after 25
Gy radiation. Genomic DNAs extracted from cells were
analyzed in 2% agarose gel.
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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) 260uM 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.

apoptosis”} &= %124 DFXE A &3k 159 A< apopto-
sis7} dojyA] ko™, hepalC4 A Eo|HE= DFX A&
5ol BA glo] apoptosis7t L oWt thFig. 3).

ok 22 WO E DFX A & WA ZAME & H
PI nuclear stainingS 3t &3 W7 O = apoptosis
S &9 S of hepalcle? MlZA A= DFX A A X go =
WAL o] 93} apoptosis7} 7F4 3. L} hepalC4 A ol A
© DFX A A A fri-o] we} apoptosis L& HEe 2ol
£ HolA ool DNA 43} o] ofgh Aael FARSH
DFX7} radiation-induced apoptosisS & #l| gl th(Fig. 4).
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Fig. 5. Changes in apoptotic activity in hepalclc7 cells and
hepalC4 cells after treatment with 260uM 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 ©]-&3}
apoptosisE @2 o2 EA3}% T} Hepalcle? M XM=
DFX%H g3 2&oH e tlx 2E Rt apoptosis’} 5%,
AR RE ZA0S W)= 37%, DFX A8 AR 2AS
IS e 16% S7FSFATE WA hepalC4 A EAA =
DEXTH A28t a5 = & 25X apoptosis’} 4%,
HARA T ZAM S W= 35%, DFX A8 § WA ZAME
P& W 31% S7FskA. AR 2ARE Al X 53
DFXE ZHAX|3tal WA ZALE S 5 7+9] apoptosis
AT zo|E EATHOE EXFS u) hepalcle? Al E
e F93 Zol7F A (p=0.03), hepalC4 A Lo M &=
zko] 74 gl A TH(p=0.95)(Fig. 5).
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(Fig. 1).

TS Hepalclc7 A|XESF HIF-1p7} Z<=5H o] HIF-1a9
7150l A= xﬂ F9] HepalC4 A X0l DEX 2|3}
HIF-1a®] 28s =3 5 WA S ZAFStS] WA=
of W& ME =83 apoptosiss HIF-1a L& FFof w}
2} Blwstgdoh. Hepalcle? AE9 2% DEXE A 2la}td]
HIF-1aE #F53 o] 2384 &2 TRt AX 480
=11 apoptosis’t A A doluy DFXe| =¥ HIF-la7} %
A ARAEE e A2 A ZHE O HepalC4 Al
¢ ZA¥< DFX AgE 3% HIF-lw7t S7ebA] skl
DFX 2o wte} ME AYEE3} apoptosise] HIE §lo]
DEX7} WAM] RIZtEo] 43S vXA 1§ 2oz 4%
Aok 2 7]H S Z iron chelator®] DFX7} hydroxyl radical
(OH - ) ¥A ¥ oxidative stressE FAAIA WA o &
apoptotic cell deathE AT A2 5 glony} >
HIF-1p¢] ZHOZ HIF-1a8] 7]%5°] 9A1¥ HepalC4 Al
X o A= DFXY o] apoptosis 7} GA &= #HZ
A ok WAl &s DEXel % HIF-1a9] &3 o]
Z718t AL w)Fo] HIF-1a9 I 3 FAA7} radiation

- 222

induced apoptotic cell deaths HA|sh= o] FAYP S Ao =2
AZrALh, o83 ABE iron chelator’} HIF-12} ATF-1/
CREB HAF AALE f=3ta o] #Hste &4,
p21™1ePl 32 71 erythropoietin A 2Fe] WHE S Z7HAA
oxidative stresso] el A XRS5 28-S Tt Zaman 5
o] F4% FAbstth

Apoptosis®l] thEF HIF-12] gl disir e dAANZME
HIF-1°] apoptosisg& &7 Z1th= 737 apoptosisE & Al
ohs ke Fgo] Aek? AHakak AEjolA  Bel2
family 2] pro-apoptotic member?] Nip3”7} % 7}8}=t| HIF-1
vt 299 AZgE Z7stA &%, ® HIF-1aE
DNA damage®l| W3] cell death & growth arrestol] 52 %
A&E ste p53 TEYA G A S HASAFH O o=
HIF-1a®] %23 HaP&tA o] Foj A1 HIF-1p7t ZFE
AEZAAME ol Aol HAHA Fked olHd A
£ HIF-17} pro-apoptotic effect’} 91-2< A|AFITE ™) 18
U 29 AHqats A4 A7) apoptosisE S AISHE AL
2 H3s3 9t} Dong 52 AAFAF o] staurosporine-
induced apoptosisl] W3] FE < M=F AEXLE RS
o, olu anti-apoptotic protein¢! Mcl-10] F7}8HS H
2FPF? wd A2AZS serum  deprivation-induced
apoptosis= AP0 o|u] Bax/Bcl-2 ratio’} ZAFTE
2ux QJob? E=F Akakura 50 AL AEAA
HIF-1a7} #3d o3 AtaFolvd 9¢ 2 ois)
apoptosis’} &7 dojFS HusH T 284 o}2 HIF-1
o] oW £7% F3A7} apoptosisE A tE=A = BEH A A
ororr}.

ShH WFARA O] 2]3) cell death e T3 DNAS| double-
strand break (DSB)°l| &J3ll dojdtt. WAL o] <3 DSBO]
WA SHH Al ol = DNA-damage response”} d#Z o2
dojun, o 7)o ATM A|2=Hl# ATR A|=Flo] #ofste
Aoz &#F . DSBE homologous recombination (HR)2}
non-homologous end-joining (NHEJ) & 7}A] AZ& EI7}
5, o7)dle B wudo] #ejstn gk o]E DSB
repairdl] #f3te T A wdo] A o] A= A5 WA
Aol B7kshe Aog numHn Yok o)F AX
oxidative DNA damage®] repair®]l DNA base excision repair
(BER) pathway”} % 2.3} AP endonuclease?] Apel/ref-19]
F93%F 98-8 k. 3k Apel/ ref-1= redox factorZ A 9
71%< 3}o] Fos, Jun, HIF-13} 2 ¢ro] gzl 3o
FAG3lEe g8 AAF AAE A=Y Fsd Y HIF-1
a®] WARD A digk 71HE dFEr] fEiAE ol
oA HIF-109] ds 28l tigh A7 glefof

e
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Abstract

The Expression of Hypoxia Inducible Factor-1a 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-1q) 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 hepalcic7 and HIF-1p-deficient mutant cell line hepa1C4
were used to analyze the role of HIF-1a on radiosensitivity. These cells were exposed for 6 h to desferrio-
xamine (DFX) before radiation. HIF-1a 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-1a was increased, whereas apoptosis was decreased, by radiation in the
presence of DFX in hepalcic7, but not in hepa1C4. The radiosensitivity of hepa1C4 cells was not significantly
affected by DFX treatment. The radiosensitivity of hepaicic7 cells was significantly decreased in the presence
of DFX

Conclusion: The expression of HIF-1a by hypoxia-mimic agent DFX reduced apoptosis and radiosensitivity in
mouse hepatoma cell line hepalcic7. These results suggested that HIF-1a 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 1a, Radiosensitivity, Hypoxia
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