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Molecular mechanism of radioresistance of the doxorubicin-resistant

leukemic cell line

%4
A=ms: A 2 3
ER L LR

This study investigated radioresistance mechanisms in the doxorubicin—

resistant acute myelogenous leukemia (AML-2/DX100) cells. AML-2/DX100
cells also showed resistance to radiation. In AML-2/WT cells, radiation
increased ratio of Bax/Bcl-2 expression and its translocation to
mitochondria, consequently induced the release of cytochrome c from the
mitochondria with the subseqguent caspase—-3 activation. On the contrary, in
AML-2/DX100 cells, radiation neither increased Bax/Bcl-2 expression ratio
nor its translocation to mitochondria. A specific p38 inhibitor SB203580
increased radioresistance in AML=2/WT cells but little in AML-2/DX100 cells.
It inhibited radiation—induced Bax translocation in AML-2/WT cells but not in
AML-2/DX100 cells, indicating that p38 MAPK is working after irradiation in
AML-2/WT cells but not in AML-2/DX100 cells. Electrophoretic mobility shift
assay and Western blot analysis revealed that NF-kB in AML—2/DX100 cells

was more activated with degradation of cytosolic IkBa than was that of



AML-2/WT cells. cDNA microarray showed that Bfl-1/A1 and granzyme H in
AML-2/DX100 were highly up-regulated (6.21-fold) and down-regulated
(6.49-fold), respectively as compared with each of AML-2/WT cells, which
were confirmed by RT-PCR assay.

Taken together, these results indicate that radioresistance mechanisms of
AML-2/DX100 cells could be related to alterations in mitochondrial
translocation of Bax and Bcl-2, and in expression of pro—apoptotic
(granzyme H) and anti-apoptotic (Bfl-1/A1) genes. It has been shown that
balance of p38 MAPK and NF-kB signals is a determinant in radiosensitivity

of AML-2/WT cells and AML-2/DX100 cells.
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rghbatel geksistariol oA FoF wAl T stvbe FEAlel gk F=iA

A FLASE FEsE 7l5e] TE FAAE] HAMNE WL mole Aol
CheRE Ul U@ old Aeld dHOR F8% HoRE MESRYE o

9 g A E(P-glycoprotein &) €43, =FFE}

ke

2 7HA getEd S wEste Al

¥4 =59 (acute myelogenous leukemia) A&

Alo]7] wiioll, ZaFH| el sl WA= z2HA HY X &5 Aol dle] 2 & Ut
(Puhlmann &, 2005).

= A WA Y HRE T S5 A= 7HeAol AL, B FAAER

WALd o] apoptosisE ¥EH AW AEE o]§stEE, FA}L WA o

apoptosis®] ZFo] ¢ Azl Aol Fod¥ Foo] F FE QrthBergman 7,

1997).
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(cranial irradiation)E& Al3&3k fAENA AlPstA] 2 AR 5d F
HEol ou A H wdow Ay MAMAZRANE AldEA] FE TolME SFAA
A Aol ofgE o FA wgkrlol AHEAPI AP ol E BA ¥ |
By A2 A 2ed A5 dlon FFAAGAN F2 RAEE(blasts)o]
Frstet oS vt T35 AAAERE ofyg} oA LS 2YElS e
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ol A ehtR AmATel oF YL WAA Fuz olzg wa Wae 7
& Yolfo] A 5ol & & oW AR50 TS 7T F Aoy oAAE
kg o] WA iAol o9 A FF=

o= DS LeAA ek GHAWH WEW AZFoA PAHolel 27
Aol i3k 3k AT E AR WAl Al WA 7] A <el MRP, metallothionein,

glutathion-S—-transferasex #oJs}A] &3l fibronectin¥o] F2A 3= AA7F glo

= 7 A=A A 24 1AL AAH
_]

1 Bcel-27F FJEZE=EolZ translocation®] Z F& WM Baxts & QF Ho=ZA
cytochrome c®] MEAREO {87 Adt¥ o] caspase 39 @AHFE Ho71A] Xt
Aol #old Ao w Hustd A s, 2005).
A ArAA S & o8 71K 54 AFE37 o] o8 mitogen—activated protein
kinase (MAPK) pathwayE ¥} nuclear factor-kB (NF-xB)& Al HA4Ho=z &
AstAl7IH o] F9 Hl&o mEt AEZAEoIY AlEZAVEe] =d "HYt (Zhang T,
2004). MAPK+= A 7FA] subfamily’7} 2™, ERK, JNK % p38MAPKo|t},
MAPKo®l ©]&+ apoptosis®] &2 w-¢- E3stal =9°] o7} AT ERK= Al
FAE Fa3stal INK2F p38 MAPKE apoptosisell #A17F vkl stth(Wada &,
2004). NF-xB+= transcription factor®4 FLIP, Bcl-2 % Bfl-1/A13% #Z&
antiapoptotic proteinE< %3] apoptosisE W3l gt} (Kucharczak 5, 2003).
ole] B ATl FdAWd AEd AML-2/DX100 AlZAA BAR 2AL7L
MAPK pathway 9 NF-xBol¢] &0 2 apoptosis7} AA|FHo] HAA WAL %
Aot=A oAF-oF 2 B2 7de w2 A5 AldeA H 3l
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1. Al Wi 3 WA AlEF A4
1) AE WY

WP A EF(OCL-AML-2)& 37C, 5% CO:2t F&3d  #%7](Sanyo
ElectricCo., Ltd., Osaka, Japan) WollA ] Fatoith. viFed2 56 Tl A 30&3T 24
2l¥ fetal bovine serum (FBS, GibcoBRL, Long Island, NY) 10%<} 334
(antibiotic—antimycotic, GibcoBRL, Long Island, NY)E &3 a—-MEM (minimum
essential medium alpha medium, GibcoBRL, Long Island, NY)# A & AML-2A| 3]
ARESEATE M9 2 2E(-196 Tl A= Az o] BE giAL 8] HEA o Al
E7F AR Adokdds HEE FAEH A9 dFHLE BHo] 7HsEtHGrout s,
1990). 8B 2 AlEFe] Wy, o4, W7o 1 o= Qo] AExFE A5
= ol div]8l] dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO) 10%, FBS
23.5%, WGl A] 66.5%5 Z@T AE FAMA 2} A AA| dio] B F3lvk 4

Q8 7S, WA Aol waslo] A FA 4712 A, 4 37T FxolA F2

=9l ¥ 70% LHLE A 4719 9)HE 25890 DMSOE AE 4%l w7t
SEE AE 52 A 10902 9 A% @ 99 Reee] 4F Ag WT A

RES A i F mf A o] Ffate] wiFsalal 6413F o] 5 vl A& mAl ] FA .

2) WA AlxFe] Ad
(D FLA WA B3 AxF9 A4

Doxorubicin (Sigma, St. Louis, MO)9] [Csp5 =5 &gt siFAol A WM A
5 AML-2A| & #jgsidlth. & solA S5 3 A3t Fo & F=5 A7 6o

=
HE Es 2 g F TAAE Feo T8 5029 TUHA7I= R L

2 A
sto] 1Cs09] 101 o]/ 5 & ¢FEo] A8t A oAM= 2 2tet= A oM EFTE T



gatolth g AEFE £ F AR WA QFUo] F WY Ak 6 4L o
e}
s

2. X SAL¥
Cytotoxicity A&L Zolglx= M Lo mEZ =g old Z&A5E succinic de-—
hydrogenase#t= @47} MTT [3-(4,5-dimethyl-2-yl)-2, 5-diphenyl tetrazo-

lium bromidelE 3FYAA formazand FAAZA & LS ZAE formazan?d &

it

g SAFCEN AE AExFE SAHStE MTT B o] &5t th(Pieters 5,
1988). tirtabd o]l AGAQ A EE mEZE=gole] g5 A% 98t

=
FA 84 MTT tetrazolium= A4S = B84 MTT formazano=2

f

AA 71T, MTT formazan® T3 E+E 540 nme oA H7F HH, o] 3o
A A" FFEE dolgla grrHer GAF AT FE2 Wit
HIALA ZAL A EEA] AL 96 well microplateo] 2F&E glo] vl o3 WA Al EF

AAE Fe® AE F78 100 A2 Zh2F 9ok 28 ar 24 A3 Fofl AlZAT
AAE AA T 30% F A AT HET & AN S AR a1, Al
Al wF RS Qo] blank= Aatth 143 COz Wl F7]ol M vl &

MTT €945 mg/ml PBS, Sigma, St. Louis, MO) 10 W& 7}8l5=1 t4A] 37T, 5%
CO20 A 4-5 AIZF O] wljFsle] MTT7F Y E =5 313t 4-5 A7 T ZF wellol| A]
80 nt X WA Tt} 150 w DMSOE Y11 10 ¥ &9t shakingdlA A4 ¥ formazan 2

ol

3. RT-PCR &4
1) & RNAY F&



TRIzol A 2F(GibcoBRL, Long Island, NY)& o] &3}o] & RNAE £ &
Polypropylene tubeol] 5 X 10° 7]9] M ¥& I AA 7] & TRIzol 1 mlE Y1 58 FoF
H

15-30Col A W& A171t}, 200 0 chlorofromS @3 15 sec 5ok &o02 7}

A\
—~
(e
o
S
AC)

3 2-33 F<F 15-30Col A ¥HgAIZIth 4TollA] 13,200 rpm o2 1547
I Y AF B tubeo] &71TE 500 ul isopropyl alcohols 9

S 108 H9F 15-30Col A WAt} 4Tl A 13,200 rpm O 2 158 FoF QA2
Stal ASANS Bl 75% EtOHE RNA pelleto] Y11 vortexing3dt $

13,200 rpme.Z 533 YA FE so) o A-2oA pelletE X A7 ¥ 0.1%

DEPC waterel] ©FA] =%t} RNA &% (1 A260 unit of single-stranded RNA = 40

=
T

ki
L
+
©
N
o

pg/mlE= 260 nmoll Al 339 2(DUR 650 spectrophotometer, Beckman), RNA <
T+ A260 (260 nm °A¢] F3%)/A280 (280 nm oA 9] FF%) H|Z, RNA HEE
= 5 g RNAS 7] 953t Felskaltt.

ool M AtgE BE AL Az F o F 37TColA A F 1214 20
w7 19t 7] Bt e 0.1% DEPC water® 7HA a1 RHEQ1 T}
2) GAA-FFEL A3 (RT-PCR)

First strand cDNAE 1 U/l RNasin (Promega, Madison, WI), oligo(dT) 450 ng,

40 mM tris—HCI (pH 8.4), 100 mM KCI, 10 mM MgCls, 1 mM each dNTP, 10 mM
DTT (GibcoBRL, Long Island, NY)&} M-MLV reverse transcriptase (GibcoBRL,
Long Island, NY) 200 U7} g8 20 ue] & Aol F RNA 1 pgo 2FH 353
=

PCR2 1 X PCR &% (10 mM Tris-HCI pH 8.3, 50 mM KCI, 1 mM MgCl, 100
pug/ml gelatin, 0.05% triton X-100)°] 25 nge] RNAZRE A8 cDNA, 7217} pri-
mers 10 pM, 50 uM dNTP$%} tag DNA polymerase (perkin—elmer life sciences,
billerica, MA) 2.5 unit7} 3-8 25 0] W Mol x] Alstoitt. PCR whg-ofl AH-g-g
Bfl-1/A1 primer?] sense, antisense+ 22 5’ GACTATCTGCAGTGCGTCCTA-



CAG3 ¢ 5’AACATTTTGTAGCACTCTGGACGTT3 o]lH granzyme He 5 TGGC
GGCATCCTAGTGAGAA3 9 5'GCCCCCAAGGTGACATTTATG3 =8 B
—actin® 5’ATGGATGACGATATCGCT3 ¢ 5’ATGAGGTAGTCTGTCAGGT3 0]
t}. PCR AHE & 1:52 A8l A1&3Fth PCR 7] Al GeneAmp PCR system
2400 (perkin-elmer life sciences, billerica, MA)& A8l 2™ 7} sample@d de-
naturation (at 95 °C for 30 s), annealing (at 60 °C for 30 s), 183l ex-
tension(at 72 °C for 30 s)& 32 cycle(B-actin2 25 cycle)® 2Ad3P o =
PCR AF= 72°ColA 523 vlAY extensiond}dth. ©] sampled] 10X DNA dye
(5 mg/ml bromophenol blue, 50% glycerol, 100 mM Tris, 20 mM NaCl, 1 mM
EDTA)E 413 ethidium bromide©] 7€ 1.5% agarose geldl A719& 3 F

Kodak DC 290 digital cameras A}&3ste] =708} t}.

4. Western blot 4]

M ¥XE 2 mM phenylmethylsulfonyl fluoride (PMSF), 0.1 M DTT®} 10 pg/ml
leupeptinE 73 F=2U45 N (1% NP40, 0.5% sodium deoxycholate, 0.1% SDSE
ek PBSE o2 §afA1Z] F sonicationd] X DNAS 7wt o o] Aok
bovine serum albumin (BSA)E ¥+ 2 2 o]8-3]4 bio-rad protein assay kit ©]-&

3l =AUt Western blot & Towbin 5 (1979)°) ol A2 7]<=H WHE o]

L3t AlY = 99 d 50 pg2 0.1% SDSE 73 7% (w/v) polyacrylamide gel©l

A A7|GES T gelo] A8 DA S electroblotting WY 2. 2 nitrocellulose
(NO) filteroll &t} v] HolAQl AE sty Yste] NC filterg 5% BAEFE

SH5-3F tris-buffered saline-tween (TBST) € of] Y11 A2 1 A7t & HES-A]
7t} 0.05% TBST €do 2 10 &3 19], 1583 13 M #e & tpA] Q28 TBST
gl A 5&3F 23] AlH ). Filter® 12+ &4 Bel-2, Bax (1:1000, Santacruz,
Santa Cruz, CA), cytochrome c¢ (1:1000, BD Pharmingen, San Diego, CA),

caspase—3 (1:1000, Cell Signaling Technology, Beverly, MA), a—tubulin



(1:2000, Santacruz, Santa Cruz, CA), phosphorylated®} nonphosphorylated p38
MAPK (1:1000, Cell Signaling Technology, Beverly, MA). IxBa (1:1000,
Santacruz, Santa Cruz, CA), NF-xB (1:1000, Santacruz, Santa Cruz, CA) g
I B-actin (1:2000, Santacruz, Santa Cruz, CA)E &3 TBST &N Y 2
AN 1AZE &t AT 5 fof 22 oz A Hslth AlAE F peroxidase’l &
Al® sheep anti-mouse IgG (1:2000, Amersham, Piscataway, NJ)¢} donkey an-
ti-rabbit IgG (1:2000, Amersham, Piscataway, NJ)E &3+ TBST g=& Mo fil-
terg Yal A2olM 4z 1417 gt WA G 5 TBST d58&Aez 15683 138 523
43] A"}, Enhanced chemiluminescence (ECLY) %<

a3t

S 0] &3} bandEE 714

5. fiEZEE oL @9F F&

AZE 271 PBSE A0 7 2 3] AlH&ka 250 mM sucrose’t £39 HMKEESH=
M (20 mM HEPES-KOH, pH 7.0, 10 mM KCI, 1.5 mM MgCl> 1 mM sodium EGTA,
1 mM DTT, 0.1 mM PMSF, 10 xg/ml pepstatin A and 10 pxg/ml leupeptin)2 4
oA 4Co A 208 FoF W23 & 26-gauge needle & 6-103] 53} A7 t}2 1500
rpmol A YA Eglsle] d& AZ=NG 13000 rpmol A T ThA] YA 25k A

L FFto] MExd gild g ALEEa B pellete 2 mM PMSF, 0.1 M DTT¢} 10 g

of\

ol
oF

/ml leupepting® 73 FE=LZ=N(1% NP40, 0.5% sodium deoxycholate, 0.1%
SDSE g3k PBSEd) o2 &A1 7] & sonicationd| 4] DNAE ZZhdH & AA&E
sto] mEEZ=go} thil A g2 A5 THON 5, 2004). Tubulin¥ bax translocation

of th&k 418 western blot¥H S A3t}

6. ¥ @ud F=
AZE 271 PRSEA oz 23] AlFea 1,2000 rpmelA 5237 9AE2 3 F

Hypotonic buffer (10 mM HEPES/KOH, 2 mM MgCl2, 0.1 mM EDTA, 10 mM



=
iy
fri
>~
el
oo
ols
ol
kI
1o

L pellete #7F PBS 1mlE A" & 5000 rpmeoll
AT F A5HS AAste AAS W AdA sy, AR F Ee
pellet2 saline buffer (50 mM HEPES/KOH, 50 mM KCIl, 300 mM NaCl, 0.
mM EDTA, 10% glycerol, 1 mM DTT, 0.5 mM PMSF, pH 7.9) 50ul® H-#A171
% iceollAl 20%3F WA 3T} Voltexing$ 15,000 rpmoll A 5837F AR A0
A

Aokol APMAR AFg3tel western blotHe A AT,

v
a1
AE
o

—

!

3 oH

=

ol
ol

o

7. Electrophoretic mobility shift assay (EMSA)

& iz 5 pgol] bovine serum albuming 20 pg, poly dI-dC (Pharmacia,
Uppsala, Sweden)= 2 ug, buffer C (20 mM HEPES/KOH, 20% glycerol, 100
mM KCIl, 0.5 mM PMSF, pH 7.9)& 2 ul, buffer F (20% ficoll-400, 100 mM
HEPES/KOH, 300 mM KCI, 10 mM DTT, 0.5 mM PMSF, pH 7.9 4 ul¢
NF-kB sequence oligomer(5'-CAGAGGGGACTTTCCGAGAG-3")9l *P7} label®
probeE 500 cpsE 4ol F A5l 20 plFA 3 F A4 2087 ¥SA
Tl DNA-©®d EIHE 4% polyacrylamide gelolA] 150 VE 1.5A17F5¢r A
195X 3 gelE AZEMA x-ray film (Fuji x-ray film)¢ &4 -70Co ==

Al A autographyE Al @A tHKawamura 5, 2001).

8. DNA chip
1) Total RNA &

Total RNA2] £2]+ TRIzol reagant (GibcoBRL, Long Island, NY)& o]&3s}lo] F
=T A2 E AAEEE T8t 45 MR E A7 st PBSE 23] Al 453
1 x 10" cellel 1 ml 9] TRIzol & Yol ¥-f A7 F 32e] 68 AA3t3, 0.3 m

2-

chloroforme& #7}sle] thA] Aol A



M-S 1.5 ml microtube®] %71 ¥ isopropanol 0.5 mlE 2il 204 10 & A X3t
T3 942 she] RNAE A AA AT DEPCR A28 70% EtOHZ RNAE A% &

T 2o A HFEA7]a, FHE RNAE ddH:0° =91 ¥ spectrophtometer (DU
650, Beckman, USA) RNA 555 =343} t}. Total RNAE probe labeling< 533}
7] A7AA =70C ¥ are] Basqltt.

2) Probe A3

RNAC] ¢cDNA 9 ZAA} ¥+-5-3} Cylabeling ¥4 9] A]¢FE< DNA-chip hybridization
kit (Digital Genomics, Seoul, Korea)E AF&-aF3Ith Al ZrALo] X Ao mgkom o] &
7FeF3] 7)<8bd 50 g total RNA 1.5 ug oilgo (dT)primerE ¥ 70Col 4] 5&3F
WAL & dEo] AR, ddAF 24 ¥-&2 1 mM dNTP, 0.4 mM dTT 2
0.15 mM Cy°-, Cy°~dUTPE #7}8}3 50 unit AMV reverse transcriptase® A}-&3}
o] & 20 w Bts Ao = cDNAE labeling 3}tk 9 AL W5 ¥ Sephacryl S-100&
2 labeling ¥ ¢cDNAE AAsA o™ AAA cDNAE EtOH I Ao 2 5533l sam-
ple & control Z} 17.5 xl hybridization buffer (6 x SSC, 0.2% SDS, 5x Denhardt

Solution, 0.1mg/ml salmon sperm DNA)ol| %91 & 3+35lo] probe®E AFR-3} T

3) Hybridization

c¢DNA chip2 TwinChip Human-8K (Digital Genomics, Seoul, Korea)& A}&3F3
t}. Prehybridization buffer (6 X SSC, 0.2% SDS, 5 X Denhardt Solution, 1 mg/ml
salmon sperm DNA) 30 ul & cDNA chipoll Y3l cover glass® 92 F 53l 4
2o Al 2A17F A AR T 2 X SSC 9F 0.2 X SSCZ cDNA chip& A &3 o5 YA+
271 & o] &3lo] AZXA|FH T} Labeling® probe 35 ul & 95TCoAA 2587F A #5lo] W
JA171 3 DNA chip9oll Bol=2] 3l cover glass® Q3 t}h DNA chip2 100% %5
FAAZ] chamberQte]l 2o} 62TolA 16417 5 hybridizationd} i th.
Hybridization § 60ClA AH&A(2 X SSC, 0.2 X SDS)2. & 747} 3084 23] A3



AL A2l 41 0.05 X SSColl 58 AH g 5 AAE ]2 A=A 3T

4) Microarray ¥4

cDNA chip?] #5373} 342 ScanArray Lite (perkin—elmer life sciences, bill-
erica, MA)9} Genepix 3.0 software (axon instruments, union city, CA)E ©o] &3}
o} Cy’gl Cy°o] vl &o] 10] =% Z2ad o 2435, o5 Y 1S 7Ee=
el F7FeE HAE BAsiglon, ofgf FAlo Wl o] Afo]rt 168 o] Hol= #H

e AME] A58 tHYang 5, 2002).

_10_



1. 2t

1. WA ROS-scavenging capacityZ} S7F5o] e 54£FHA UYAAX
AML-2/DX100 AlEoA JAHA g axpiAg

MRP7} 3p2@ 5 o] 9lal catalase’t #HAaH o] e 54 & 7H] AML-2/DX100
AZE AML-2/WTAES} vl Al AR o] 1.64] o] F71e o] 3
(Fig 1).

2. AML-2/DX100 Al ¥4 Bax9 v|EEE=gol29] translocation ¥ 3}

2 ATl E AML-2/WT9 AML-2/DX100A1 3004 AR Z2AE 5ol A
Western blot 7| & o] &3l H|EZEgolE  translocation® = Bel-29 Bax?]
LHAEES Blws] Hokth AML-2/WTAH ZolA = WAl oelA Bax7t vl EZ
=2ol& translocation®] S7Fet o™ Wb AlE o A= AT T A
EZ =g olo| Al Bax/Bcel-2 ratios BluLd] Holx WAPA] 9& F7F & AL &
T dAdT. vEFZZgolE  Bax9 translocationgZF7t B EFZE g ofol A
cytochrome ¢ & W3} caspase-35 @43} AlA apoptosisE
2 olm] & dHA 9t whHo AML-2/DX100 M EZAl A=, AR 23] Axd
oL} mlEZE=g]olo A Bax® W3E M9 & ¢ 12H, Bax/Bcl-2 ratio®] W3}
T #AFZS & Qi thFig 2). 29 o2, AML-2/WTH Eol A= Al &) o
EZ=goloA] Bax/Bel-2 ratio® $7t2 apoptosis7t YA wE, AML-2/
DX100°1 4= apoptosis?} A9 doji}x] k=t

do7l= 714

3. AML-2/WT$} AML-2/DX1004 EAFolo] HAME ZHAdo] digk MAPK A=
Ag WAPAE E¢A<Q MAPK 42 9 NF-xBO] 24 & FAo] Bddos f=

22 (Zhang &, 2004), o] F &l dg adE zAeFlth WA, AML-2/DX100

_11_



A ] WAL ol Bigk Aol MAPK A Z9 A AS Agste] AFatadc) o] A
A= MAPKS! p38MAPK, INK % ERKE Z7 Eolzo=z Adse
SB203580, SP600125 B PDI8059E AH&3stitt. ™A AsfAIE 302 ol A=
3 & WAbA 2-10 GyE FAFEe] MTTRA S o] &3] AML-2/WTAH X HARA
Uld & HolAY EE AML-2/DX100A el AR A& 2 3t AsAE
zb7] 98 AEskdch mA INK A3 A9 SP6001252 AML-2/WTA *of = o}
d aYE HolA %gka AML-2/DX100413E2] WA 571 A HFig 3A). ERK
A3 Al PDI80592 AML-2/WTAIZol| WA A S S7HA17]1aL, AML-2/

DX100M Zoll= &37F YepA] ek dth(Fig 3B). vk et o2 p38MAPKS] A &) Al
9l SB203580& AML-2/WTellA WA WS F7H 72, AML-2/DX100%.
o uAd AxrF 9 24 JeldE 232 B9oy, AML-2/DX10004 & A9 &
WE v A EHHFig 4A). SB203580°] thdk &3t AML-2/DX100A4 £ Xt}
AML-2/WTAZol A AR Wid F7k&o]l o EA Yebgoen (Fig 4B) ol W
ARl ofsf AEAE dojue 1Al p38e EA4¢] TaF VAYde TR F
th. 8 GyE WARA FAF ¥ p38MAPKe Azt wtd ALE At
AML-2/WTHZ A= #alAde] o8] Z7Hd p38MAPKe] ¢14ksl7 SB203580
of o&] AsEA o AML-2/DX100A Eol A= olelat @ do] dojuhA] ergheh.
Hato] AML-2/WTAH Zol| A SB203580% HAFA o] 9l8] f=5 = Baxe] WEE
=g olR 9] o] 5& At ot AML-2/DX100A| Zol A& o]& dAdo] A3 e}
U] eFdth(Fig. 5). Wb AML-2/WTH Eol A= WAk 24 3 p38 MAPK7F
24 3tE a3 Bax7lt PlEZEFoLR o] & ¥ o AlEAE dojubs AML-2/DX1004]

FoAE AUt AT oA e AS AT F AT
4. AML-2/WT$} AML-2/DX1004 EALolo] #AA Wj/de] did NF-xBe] &
IkB kinase (IKK)9] &0l ¢]al A4t} ¥ cytosolic I kappa B alpha (IkBa)7}

ubiquitination® ¥ 26S proteasom®l 234 NF-xB9} #o] A Ho] Jd kBa
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7} 27243 NF-kBE Y| &2 o] =5 2 & (Magnani 5, 2000), A& 9] [kBa &
dAe AML-2/WTHEHT AML-2/DX10041¥olA o YA yeldo, E=3
Western blot#24 3 EMSA7|® <& o|&3te] AML-2/WTAEKtE AML-2/DX100
Aol A o] NF-xB A =7F 248 & 2Z 9eokFig. 6). &g
AML-2/DX100A1 2] HAbA WA 3t NF-xBe| #AIS 74 817] 98] NF-kB A &l
AEE AHEt] A sttt NF-kBE At 242 2 ¢2xl PDTCS kBE
degradationA] 7] 26S proteasom?] AsA|Ql MG-1325 AF&35te] WARA WA
o] BAE et F A AlE AML-2/WT2F AML-2/DX1004 3 E.5Fof A
WA A& S7HZHEFIg 3C D). ol A WAl NF-kB7F 543 &

2 #osta drvka AyzhEr

{

O

5. cDNA microarrayE ©]8 3t apoptosis®l #HdE FAA9 ¢4d F39 54
Human 8K Gene Chip< ©] &3t FAA &SNS =A3H o, AML-2/WT
o} AML-2/DX100A3E Atolo] 2u)] o] zFo] & YEFH & 6714 apoptosis T 1+
A2LE FrolgIQlth ¢DNA microarray 4123 AML-2/DX100A| 304 Hiig
vl & MRP7F #PE3tal catalase’F Fas o] e S A T F AdAeH
(Choi &, 1999; Kim %, 2001), o] & A2Hd°2% c¢DNA microarray? A FE=E
g ATk & AFolA = AML-2/WTH T AML-2/DX100A A 6.214)
=A 2dd Bfl-1/A17 6.48) @A 2dE granzyme HE RT-PCREAC=E =
5 A3} ¢cDNA microarrayE &9 & & A A HFig. 7). 3 AML-2/WTHt}
AML-2/DX100M 3£ 4] Caspase-7 (2.11#]), caspase-5 (2.19%}), tumor

i

e

necrosis factor (TNF) receptor—associated factor 3 (2.39%}), programmed
cell death 4 (3.03¥) 18] 31 Bcel-2-associated athanogene 4 (4.828l) 74331
THTable 1). o] A3}= #ALA YA o] anti-apoptosist pro—apoptosis<t A H
B2 gAAEe 98N 2RZH= A & F Atk o' T oWI FAAL

AML-2/DX1009] ®ARY Aol T34 92 =A< A5 S ooF gl
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Table legend

Table 1. Expression profiling for apoptotis—related genes by cDNA microarray

analysis
Gene Description of genes Fold change Function
symbol vs. control
Bfl-1/A1 |Bcl-2-related protein Al +6.21  |apoptosis inhibitory activity
caspase 7, apoptosis-related cysteine-type peptidase activity;
CASP7 . -211 o o
cysteine protease hydrolase activity; caspase activity
. cysteine-type peptidase activity;
CASP5 caspase S apoptosis-related -2.19  |apoptosis regulator activity; hydrolase
cysteine protease N -
activity; caspase activity
TRAF3 TNF receptor-associated 239 zmp .|on binding; signa transducer
factor 3 activity
programmed cell death 4
PDCD4 |(neoplastic transformation -3.03  |[unknown
inhibitor)
Bcl-2-associated athanogene apoptosis inhibitor activity; protein
BAGA 4 4.82 binding; chaperone activity
GZMH granzyme H (cathepsin -6.49 trypsin activity; chymotrypsin activity;
G-like 2, protein h-CCPX) ' hydrolase activity
CAT* |Catdase -1.34  |response to oxidative stress
ATP-binding cassette,
ABCC1* |sub-family C (CFTR/MRP), +1.88 |drug resistance, transporter
member 1

+, up-regulation; -, down-regulation
*, published [7, 8]
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Figure 1. Resistance of AML-2/DX100 cells radiation. The cells were irradiated
at a dose of 2-8 Gy and their survivals were then determined after 24 hours

by MTT assay
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Figure 2. Effect of radiation on expression and translocation to mitochondria
of Bcl-2 and Bax. The cytosolic and mitochondrial proteins were loaded on
PAGE gels and analyzed by Western blot Analysis. The cytosolic and
mitochondrial levels of a—tubulin were used for the control expression and the

lack of contamination of the cytosolic proteins, respectively.
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Figure 3. Effect of MAPK and NF-kB inhibitors to radioresistance between
AML-2/WT and AML-2/DX100 cells. The cells were irradiated at a dose of 2-8
Gy with inhibitors and their survivals were then determined by MTT assay (A)
SP (SP600125, 1 uM), JNK specific inhibitor, (B) PD (PD98059, 20 uM), ERK
specific inhibitor, (C) PDTC (Pyrrolidine dithiocarbamate, 10 uM), NF-kB
inhibitor (D) MG132 (MG-132, 1 uM), 26S proteasome inhibitor.
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Figure 4. Effect of SB203580 on radiosensitivity in AML-2/WT and
AML-2/DX100 cells using MTT assay. (A) The cells were irradiated at a dose
of 2-8 Gy with SB (SB203580, 5 uM, p38 specific inhibitor) (B) MTT assay
was performed 24 hrs after 8 Gy radiation in the presence or absence of 5 uM

SB203580 (n=6);
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Figure 5. Effect of SB203580 on radiosensitivity and p38 MAPK in AML-2/WT
and AML-2/DX100 cells. Western blot analysis was carried out to determine
the cytosolic and mitochondrial levels of Bax as well as the cytosolic levels of

p—-p38 and p38.
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Figure 6. NF—kB is activated through degradation of IkBa in AML-2/DX100
cells in comparison with AML-2/WT cells. Nuclear or cytosolic lysate (each 50
g protein) was subjected to Western blot analysis (WB) and nuclear lysate (5

g protein) to Electrophoretic Mobility Shift Assays (EMSA).
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Gzm H

Bil/A1
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Figure 7. Expression of Bfl-1/A1 and granzyme H mRNAs was validated by
RT-PCR assay in AML-2/WT and AML-2/DX100 cells. Each cDNA was diluted

1:5 with water and then were amplified for 32 cycles but 25 cycles for B—actin.
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Figure 8. Two distinct pathways accounting for radiosensitivity of AML-2/WT
and radioresistance of AML-2/DX100 cells. AML-2/WT cells are radiosensitive
because the p38 MAPK pathway is dominant over the NF-kB—dependent signal
whereas AML-2/DX100 cells are radioresistant because the NF-kB—dependent

signal is dominant over the p38 MAPK pathway
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vV.1&

AML-2/DX100M & HA2FHAS o3k sjgdos & Ags AxzEs A
Fate] FHE WAHAMEFE MRP $2d S B3 FdASo] ulgde 2y ®rtk o}
Uk Aol = WAS Hol AML-2/WTAHIX9 ula Al ¥RapA ol tiste] 1.64)
ol 4ol AL HATH AML-2/DX100M Eo - = WAL ZAL & nEZ =g o}
9] Bel-2/Bax®] H| & o] AML-2/WTHXET ¢ 2 Zo 2 4o} o] Ho] WalA
of o =¥+ apoptosisE Waste] YA WAgol #odts o tvE
ol 4 83 vl k(M e, 2005). ¥ ATl A= MAPK pathway, NF-xB7} 7
EZcgol We] Bel-2/Bax?] Hl&3} ojwd #o] QlEA olr izt a4t}

Apoptosist WMAMIA &, oY 5 o2 7HA FAAsNA FREE GAE
AMgo]l F838 7] Aotk Apoptosis & FAAEC] Bol RaHA= 1Fol W

AP ZALe| 9] %E apoptosiset #HE F- A A= Bel-2, Bax, cysteine proteases

o
d

(caspase)s©]t}. DNALEA o] dojuyd Bax7tF @43 3}al anti-apoptotic A A+
ol Bcel-29 WdS A3t Baxte caspaseE E43A#H  PARP  (poly
ADP-ribose polymerase)s MXEWe] T2 proteingS Talste] ME A&

Z 3t} Apoptosis?] A& E WO Baxe 43 HWA] 18 kDa o2 E&|¥aL
nEZEg ol & translocationstAl WAl cytochrome c¢& 243 Al7]a
cytochrome c7} RlEZ =g ol MEARE o|%stA4 HHA caspaseE: &4 3}
Al71" PARP$} DNAEo] 8 #r}h Bel-29F Baxe A& hetero S
homodimerE ©]Fo] Z&3stH o5 wld o] vl g&o wel JTo] WMetA &=
heterodimerolA] Bcl-27F ®2W apoptosis7} AlEch T2 3 AFolA
AML-2/DX100A41 29} AML-2/WTAH Xl 8 Gy A& ZAME A3t mEZ=d
oo} AlEXAYe] Bel-2/Bax? Hl& AML-2/WTAIXE7F AML-2/DX100A4 3 E.t}
gdo Aog yYeElyom AML-2/WTAH X9 vEEZ=g]ol 9] cytochrome c&= W
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AP ZAE 3 AaEQ o AlEAO cytochrome c= @A 7S HYa,
caspase 3% @AFEAEFSE & F AT ZYH AML-2/DX100A LA = W
A Z2AF & Al EZEg ok cytochrome c& BE7F gl AZEAUEY o5&
B 4 fllem caspase 3% 43 HX ¢ro} AML-2/DX100MEE AML-2/WT
Alze] ws AR ZAF Al Bel-27F RlEEZ = oFR 9] translocationo] & &&=
Wt baxs & H A o} cytochrome c2] MEZ =29 {27} A3 =0 caspase
39 gAsE dor|x Zaf olgg xFo]7F AML-2/DX100A1E ] ®ARd WAl
dojstes Aom BuH A& -E, 2005).

Bax7} PlEZ =20} YW= translocation¥ = 7| Ao2 F 7}4] A2 tE 7] H o]
9l+=d adaptor proteinE¥9 A3F&3 conformational change’} U
adaptor protein®li= 14-3-3 (Samuel 5, 2001), Ku 70 (Sawada %, 2003),
humanin (Guo &, 2003), apoptosis—associated speck-like protein (ASC)
(Ohtsuka &, 2004)5°] 9o o]&2 Baxol A3 Ajste] rlEZ=g o Y29
translocation® W3lstAY FXIAIA apoptosisE e A7FsE AEoA =
Bax7} #4219 carboxyl-terminal transmembrane region®] hydrophobic pocket
of 2¢M gol lojA Alxd ol E2A43 FejE SAear vt Apoptosis7h &
oy &<t ]88k Baxs amino-terminal exposure®} &2 x4 WHSIE 7]
A mEZE=g o W& translocatedte] apoptosisE &35t QAAES WEA T
(Schinzel &, 2004). AF7HA <&z F27 W] #Hoste 7|Ho=ZE
integrin (Gilmore &, 2000), PI3/Akt (Yamaguchi &, 2001), p38 MAPK (Van
Laethem -&, 2004), modulator of apoptosis—1 (MAP-1) (Tan &, 2005), Hsp
70 (Stankiewicz &, 2005) so°] Sl

2 AFANA = AML-2/WTH EAA AR 93] 25 & Bax9]
o} yl22] o]Fo] p38 MAPKA#IAI SB203580¢] 9]a) #HAgh dFetx A 5

a
U
i
Iy
)

QQormg p38 MAPKZ} mlEEZ=g o} Y& BaxolEo] 83 932 slrjs AL
A APERTE, o] 3k A3l A zbe]l ZHE A E(keratinocyte)oll UVBZEALS 3191 S )
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p38 MAPKe] @437t mEZE=golg9 Baxol%, cytochrome C W=,
apoptosisE ¥o7|+= o SFHYE tE A7 2349 YA g@rh(Van Laethem
S, 2004). AR UM ED AML-2/DX100M Z o 41= p38 MAPK7ZE WA
of o8] 24435 = FUth MAPK pathway9} NF-kBe] H]&o] AXo] AFE EE
A S sk =d AML-2/DX100AM| 3204 NF-kB signale] €43t ® Zo] p38
MAPKE ZstA AT & ASE Aoz A7 AML-2/WTAHZAAM = o] <
= A ZbE o

NF-xB @487t AFANEL FSEAELAA PAMD UAdS TAgt = A E<
7kl 9l+=d o] Fol+= NF-xB survival pathway®| Az d&e] F717F Ao}
B-precursor ¥4 @IZEFH oA TARdl & apoptosisell o] ol 57t
g A3 #do] v A7 23= dtk(Cataldi 5, 2003; Weston &, 2004). =L
H22 AML-2/WTAH E A p38 MAPK pathway”’} NF-xBA S AZHT} ] A
3t AML-2/DX1004| Z o A= NF-kBAlZ A o] p38 MAPK pathway®.t} ¢
A Zlolgtal s ARl

o] 7Md& AF3t7] A3l apoptosis$t #HE FAAES] HAYES AL
93 cDNA microarrayE A 3§3}e] AML-2/DX100A4 Fo A AML-2/WTA| 3ol A
B} Bel-2 A (homolog)d] Bfl-1/A1¢] 6.2181 ¢ #=A LYo o=
RT-PCR assayE EaAE A&t} Werner 5(2002)0] 25 Bfl-1/A1<
Bid BHC domaing 3} full length Bid®} truncated t(Bid)9} A&o] 9)a1 CD 95
9} Trail receptoro] 9l&] =%+ cytochrome C W=ol s HstA o=
Aoz &4#A Q). T3k Bfl-1/A1LS tBid7) vlEZ =02 o]l Fdle A= W
st ot tBidell Zsta e oz Agtsto] tBidet MJEZ =2 o 9] Bax
= BakAbolol Aa#&2 w=tla sttd, 2822 Bfl-1/A10] nlEZ=g o} Y

of\

2 Bax9] o] WallstA] FOoHAME HAA 93] FE5 & apoptosisE <A
st e Ao w AT} Bfl-1/A12 3 NF-xBe A A9l transcriptional

targeto] 7|= dt=d E AFolA EMSAS western blot analysisE® ZafA]
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AML-2/WTA Eo| A HTE AML-2/DX100A4132] 4 cytosolic I kappa B alpha
(IkBa)®] degradation®} @7 NF-kBo] &Ado] F=e{fo] &<l HAtHZong &,
1999). Bfl-1/A19] up-regulationi= NF-xkBe] S Ae] ]3] # =] =] 7] wj&o] NF-
kBEA S B3 Bil-1/A19] #Ed2 AML-2/DX100A 2] WA UlAde] H 4
3 Ay FAo] glrpar ErH(Cheng 5, 2000).

Granzyme< AX=A THZ 9} natural killer cell?] cytotoxic granule®l 4]
E9¥3] WAYE granule serine protease family©]th. Granzyme A2} BE pox
virus #Ee] FEZ T o3 dojub= FHAE apoptosisll A T a7 LS Tk
3 E#H A UrHSmyth &, 1996). Granzyme HE AFEolA| natural killer cell®l
9l+ granzyme B2] proapoptotic functiongd H43t=d g2 3ot G A A
THSedelies &, 2004). ¥ ATFoAE granzyme HE AML-2/WTAH EA Hrt
AML-2/DX100A| E A 2o 8tA] down-regulation¥ o] J=d 1 7|4 ofx &
A2 eIk

Bfl-1/A19] upregularion®} granzyme He] downregulation®] ©3}¢] caspase
5, caspase 7, TNF receptor—associated factor 3 (TRAF3), programmed cell
death 4 (PCD4)7} AML-2/DX100A41Z 2] WA wiAdel 248 qd-& &
2 ®H otk I8y Bel-2 associated athanogene 4 (Bag-4)+ SODD (silencer of
death domains)@ %24 =9 TNF receptor 1o 9l&] Az dEdS A 3T}
(Eichholtz-Wirth &, 2003). SODD/Bag-4 c¢DNAZ= transfection?]Z] stable
cloneE9 dFolA WAL FHeAdo]l dadnts A7 Bk slsd AML-2/WT
Bl AML-2/DX100M| oA 94 02 Bag-47} downregulation ¥o] A%tk
A ENA EFFEANAE Bel-29 177FA 9 549 H A3 15714 9] caspase’f

U3 2 9 tHKrajewski 5, 1999). AML-2/DX100A41329] WA YA e wd e

Ao

rlr

pro—apoptosis®} anti—apoptosis®] #HHE F-AAE2] upregulation, downregul
—ation®] EH3d ZFOZRE ZHHAFES GAISL

T8oto] B AML-2/DX100A13Z 9] ®Ad YA 9] 7 d o 2= Baxd HEZE



go}lz 2] o]F 3 pro—apoptotic gene (granzyme H, caspase-5 and -7, TNF
receptor—associated factor 3, and programmed cell death 4)¥} anti-apoptotic
gene (Bfl-1/A1)9] Zd ¥ ##Ho] vt HW p38 MAPK signal®} NF-xB
signal Alo]e] #3&o] AML-2/WT¥ AML-2/DX1004IZ oA AL Ao 4
o] stz Qe
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V. ZE

o] =i e FaFHA Ud WEHEAEZ AML-2/DX1000A4 Ko A& WAL
A el tigk £a 7S ATkl

1. AML-2/WTAHIZNA gAdo] e8] Baxe] plEZE= otz o] o]Fo] F7haf
3l Bax/Bcl-2 ratio 9A] 57183t} o]+ A4 o2 cytochrome C7} | EEZ=
glotol A =5 Il caspase-37F @4 Ho] AZAE Dot Zg o|n gt vk
AML-2/DX100AI 2o A = WAl 93] Baxe] Tdoly nEZE=e otz o]&
< T/ A &okt

2. AML-2/WTAHEol ®WAMdS A8k p38 MAPKZE 243 == wid
AML-2/DX100A £ A= p38ell ¥ 37k §lom, p38 MAPK A &fj#]<l SB203580
g #@ol AA Al AML-2/WTAH A= PARE WS S7HA1 7147 AML-2/
DX1004| 3ol 4= 25 A] 39kt

3. Electrophoretic mobility shift assay®} Western blot analysis 2},
AML-2/WTAH| oA Bt} AML-2/DX100A A cytosolic IkBa®] degradat—
ion¥ Al NF-kBo| &4 0] 57153l

4. ¢DNA microarray Z3 AML-2/WTAH XA  AML-2/DX100A| 3l A
Bfl-1/A1% 6.21¥] %7 granzyme H & 6.499] $A] @A ¢l om o]= RT-PCR
assay® &3 At AxH o2 AML-2/DX1009] WARA 7142 Bax<]
nEZ=gol2  o]s3 pro-apoptotic (granzyme H) I} anti-apoptotic
(BfI-1/A1) frd=te] & o] Waket A7 e A o= AZso] v, T3
p38 MAPK ¢ NF-kBe| NZAA @] AML-2/WTAIE9 AML-2/DX1004] %

=
of WA Aolo] B AHH 2AYS wolFrh
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