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1. MIZTHHQE, HFARM QY oFE x|

K562 (ATCC CCL 243)v= American type of culture col-
lection® Z HE] Feslo] AL83lglony, 10% fetal bovine se-
rum (Hyclone, USA)¥} penicillin (100 units/mL)/streptomycin
(100 pg/ml) (Gibco BRL, USA)o] E3F5] RPMI 1640 uljoku]
A (Gibco BRL, USA)Z. AMg3}ed, 37T, 5% CO; 7} 225
273014 wioksiglc). Aol A48 AEE 2X10° cells/mL
o ulgE Fulslo] UEZAVZ AAR TS 22k A
dazel ek Azisto] 2447 wloksigich. PAY 2
6MV X-Ray (Clinac 1800C, Varian, USA)S o]&3}o] 200-300
cGy/min®] AZFE&Z LA 10 Gy 2A3ISict. hetbimycin
A (HMA, Calbiochem, UK)$} genistein (Calbiochem, UK)& di-
methylsulfoxide (DMSO, Sigma, UK)el] =i 4] 22 1 mM 3}
10 mM9] F=8Ho 2 zAg 7Hz 250 M} 25 M9 3
FErz PANZA T 34 Aol

2. Subtraction hybridization

PCR-Select cDNA Subtraction Kit (Clontech, USA)-& A}-£-3]
of AzAe) AAlel wrek WAtk

1) Adaptor 2! Primer

E Adel] A4843 oligonucleotide?] 371AHe k&3 7
1=

¢DNA synthesis primer ; 5-TTTGTACAAGCTT30NIN-3’

Adaptorl;

5’-CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCG
GGCAGGT-3’ and 3’-GGCCCGTCCA-5

Adaptor2R;

5-CTAATACGACTCACTATAGGGCAGCGTGGTCGCGGCC
GAGGT-3’ and 3’-GCCGGCTCCA-5’

PCR primerl; 5’-CTAATACGACTCACTATAGGGC-3’

Nested PCR primerl; 5’-TCGAGCGGCCGCCCGGGCAGGT-
3

Nested PCR primer2R; 5’-AGCGTGGTCGCGGCCGAGGT-3’

2) ¢cDNA &AM

(1) RNA &

Total RNA®] HelE $sle] Ultraspec-l reagent (Biotec
Lab, USA)E A|FEZHAZol] Hr)slglony, RNATack Resino]

7488l RNAE- diethylpyrocarbonate (DEPC, Sigma, UK)7} A
g3 FHrE 5414 Eeulaglch £els total RNAZE F
€] PolyTract mRNA Isolation system (Promega, USA)E- o]-&-3}
o] mRNAE E&]3)9l=u, biotin-labelled oligo (dT) 20 probe
9} 233t mRNAE streptavidin magnetic particles?} ¥h-3-3}o]
Selsigich

() °l%7tg DNA ¥4

AZol] GAAREE 2ZAG APTE diverZ WA 24
¥ FA genisteing A3 AYTE tester2 A3l 7+
Z7IHE A2|gt AEE 24X vkt ohg el 2 pgd
mRNAJ]| o8] 10 xMe] cDNA synthesis primerS 47},
MJ Research PAC-150 Mini Cydlerolld] 70T, 257+ uh-2315
t}. avian myeloblastosis virus (AMV)-Reverse Transcriptase
RDE E5slo] 2TE 9057 wk-S-8l31, 20Xsecond strand
enzyme cocktailg 7Fsted 16TollA 247 B¢k wHest &
T4 DNA polymerase (6 units)Z d7}s}ich. 16TolA] 3057+
t] k33 ¥ 20XEDTA/glycogens 7lsln @S 43
o] phenol extraction HHo 2 AAslict AH2S5 L)E
1% agarose geloll A7 dFste] YAHYHEE Esigien,
U A= A3t 34 R 1£ Axkslod, tester cDNAYE Adap-
tor 13} Adaptor 2R3} ZAEA7]7] $Jsle] T4 DNA ligases}
16CollA] HHA whHg8tgiet.

3) Hybridization

I 09 o tubeol] 3 g2 driver cDNAE #H7}sl, 100
ng®] Adaptor 1-ligated tester?} Adaptor 2R-ligated testerE-
hybridization bufferol] AJ&IEks}od, 98 CallA 90 27F WA sl
63Toll4 8A7H YAt hybridizationS AX|Sch o1& 68T
2 §AHA A28 tubeol] 1.5 pg2] driver cDNAE hybri-
dization buffer®} Z3s}od, 98C, 90 27+ HAAA ghE A
2.8 driver cDNAS 5 719] ¥} hybridization tubeol] H7}3]
ek, 68TolA 20417 WS &, 200 (L9} 3]4 buffers A
b hA] 77 WS ThS -20Tel BBl gl
o}

4) Selective PCR amplification

12+ PCR ¥h2-2 o]} hybridization A+E3 10 M PCR
primer 1-& o]f3led 75T, SEZF vk2 ¥ 95T, 15 62T, 1
B 72°C, 2%, 30 cycles, 72C, 1087} 1 cycle2 AAs}At)-
o2 PCR- 104 3]43 ¥4 PCR W& 10 4M nested
PCR primer 13} 2R-E ARg3lod, 94°C, 15 68C, 1% 12T,
28, 20 cycles¥} 72T, 1087t 1 cycle2 AAls}ich PCR 4t
22 Perkin-Elmer 2400 PCR machine (Perkin-Elmer, USA)E
Age190.05, 2% agarose gel W7|JEL2 Helsisick

o} r

it
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3. DNA 284

E coli XL1-Blue MRF'E SFAIERE Agslglom, o|x
PCR AH2-& pGEM-T easy vector system (Promega, USA)Z o]
23510, T4 DNA ligase, 2 Xrapid T4 DNA ligase buffer -12)
3 110 F3]2] 50% PEG (polyethylene glycol) 80002 {31
4TOlA 16412 SBlSE). WARY F ampiilln (10 ey
mijo] 43 LB (Luria-Bertani) S0l 3141 Wehe
A% e A

4. PCR-selected dot hybridization

PCR-Sclected Differential Screening Kit (Clontech, USA)S-
Agsiol Az AXo) et AAssich DNA 22e
2 dojRl 74749 clonesg PCR HH-S SJ3 F3oz Ag
slod, 93T, 307 7193 X 95T, 10%; 68C, 3. 28
cyclesE AASGE ZH2Ee] PCR AHE-E 96-well platect|A]
E%29 06 N NaOH 47} E3lslo] DNAE HHAAZh
Hybond N-Plus Membrane (Amersham, UK)& Bio-Dot Micro-
filtration Apparatus (Bio-Rad, USA)ol| AFxbslar, 2429 wellol]
HAAIZ DNAE F FEoZ o] Hrlelydrt). drivers}
tester?] ¢DNAE 43t o} random primed DNA labelling
e ojdstel ZA3H probed} membraned 68T ollA]
hybridizationg AAJsgch. Xray filme 2 -80°ColA] 24X7}F
Zgsled, Fuji FPM 1200 WA 253472 d4sle
tester cDNAoJ|TF 2 w1 5) = clonesS AWslgch

5. DNA sequencing

A=l clonesol]A] plasmid DNAZE Wizard Plus SV Mini-
preps DNA Purification System (Promega, USA)E o] &3} &
g3}, 20% PEG 60003} 2.5 M NaOHS A-83)e B339
o thg 471499 primesE o] 83lo] DNA 7| 984
& AN

ALFred M13-40 primer

5’-cyanine-CGCCAGGGTTTTCCCAGTCACGAC-3’

ALFred MB Reverse primer

5’-cyanine-TTTCACACAGGAAACAGCTATGAC-3’

A71499 E4& AT A5 WL ALPexpress Auto-
Cycle Sequencing Kit (Pharmacia Biotech, UK)S o]-£3]9.c
o, hSEREE 95T, 287 7hdsled, 95T, 40%; 55T, 40
&; 12T, 13, 25 cycles, 72°C, 1087+ PCR 45 AAJs19]
t}. 5.5% Hydrolinker Long Ranger gel (FMC, USA)e]| loading
s}o], ALP Express AutoCycle Sequencing System (Pharmacia
Biotech, UK)ell4] F 13X]7F gt A 7|45t AHE 4

ol

CHetet AL S 28I XI 2001;19(3):245~251

F

39tk EA5 DNASl H7|A]9-& EMBL (European Mole-
cular Biology laboratory)#} GenBank databasesolj4] ZAbslo]
I AEAE vlasgich

6. Northern hybridization

30 g9 total RNAS 1.5% agarose-formaldehyde gel A7)
J%3t the Sambrook £'Y9] Wl ol wle} Hybond N-Plus
Membrane (Amersham, UK)©.Z. capillary ¥ol] 2J3to] o]&
3}od, membrane-§ Spectrolinker XL-1000 UV  crosslinker
(Spectronics, USA)oll4] 323&}sic). probeZ AH£38 clonedl]A]
plasmid DNAE #e]3lo], PCRE ©]83}o] 4F4l% DNA &
ke SF31glch 15% agarose gel A7]9E8to] Qiaex I
Gel Extraction Kit (Qiagen, USA)Z A thL, rediprime
Random Primer Labelling Kit (Amersham, UK)& 3EX|3}s}od,
RNA7} o]%= membranc®} thS-2] ¥l o2 hybridizationg
2815t formamide (Sigma, UK) 50 mL¥} mixed-bed resin
(BioRad, USA) 5 g& Egsle] 4TellA] 447k 3t 7PHA
EE0] deionized formamideE A|=38} X hybridization buffero]
7}s}3c}. membrane2- hybridization bufferel] {3 42Coll4]
2X|7} %} prehybridizations AA|s}gich MZE bufferZ 2
A3tk [2-2P] dCTP labelled-cDNA probe 95TollA 5 £7}
7bdet ohg AHrkste] 42TellA WA qE-gste] hybridization
< AAsck membrane AJA-E 42TCol|A 2x88C/0.1%
SDS, 1xS8S8C/0.1% SDS, upA|ute & 0.1 XSSC/0.1% SDSe| +
Az 77 58 23] AAEYc) Xy filmoE -807CollA]
2427k 738 ¥ Fuji FPM 1200 WAVS ARsA3712 A4
sttt

- | a}
1. Subtractive hybridization

WA o 2A8E AYFE diver 2 WAHAF) genistein
& A Fodf AATE testerZ AAHcE Driverst
tester®] mRNAZXE] 4% Z247b9] cDNAE F A2l hy-
bridizationg AA|8F thg ZHzh Uit o|xF PCRE AAJ3}o]
PCR AE% 3E3lgict o|& T/A-vectorol] cloningslo] 218
Mo} A Fehg 4H3)913L, nested PCR primer 13} 2R&
ALste] insertE Felslgdct. PCR AHE-Z dot blotting S 4
Alsto] 124719] 2 WA= E cloneES &35

2. wHX 24

A= clonese] DNAY 7|4 9& E43t & blast search
so $UAEE HUejod, homo sapiens Smads §HR}SH
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*+ gb|AF041065.1IHSSMAD6S4

Homo sapiens Smad6 protein (SMAD6) gene, exon 4 and complete cds

- Length = 1677

. Score = 339 bits (168), Expect = 2e-91

- Identities = 196/206 (95%), Gaps = 2/206 (0%)

- Strand = Plus / Plus

Query: 1

gtacgaccaggeoegtcageatcetictacgacctacctcagggcageggctictgectggg 60

Shict: 185 gtacgaccaggecgtcagcatcttctacgacctacctcagggeagegacttctgectagg 244

Query : 61

ccagctcaacctggggeagegeasrvggteggatgcggegaacgsgeageaagateg-ct 119

Sbjct: 245  ccagctcaacctggagcagegeagegagtcgg-tgeggegaacgegeageaagatogget 303

Query : 120 thggcatectgctcageaaggageccsacggegtgtgggectacaacegeggegageace 179
Shict: 304 tcggeatectgetcagcaaggageccgacggegtgtgggectacaacegeggegageace 363

Query : 180 ceatcttegtcaactcoccgacgetg 205
Shict: 364 ccatcttegtcaactcoccgacgetg 389

Fig. 1. Sequences alignment of Smad6 gene. Query : differentially expressed clone
in this study, Sbjct:homo sapiens Smad6 gene.

C R RH RG

-288

-188

Fig. 2. Northern hybridization analysis of Smadé gene. (A)
Comparison of mRNA expression. Lane 1: untreated (C), Lane
2 10 Gy Xray irradiated (R; driver), Lane 3: combined
treated with irradiation and 250 nM HMA (RH), Lane 4
combined treated with irradiation and 25 M genistein (RG;
tester). (B) Ethidium Bromide staining of 185 and 285 rRNA
was used as a loading standard.

o5%e] AEHE VRN coned Shlslsieh AEAY b
2 A= Fg 13 2o}

3. Smadé mRNA UIS{XA}

BAAD genisteing FAADL AYTS) wol BAL
BE 248 AUTH PHAG HAS Held AESol
vlslod WA Ekeh PAAI HMAE B4 Hel@ AT

olA1e) MEL controld} HlSedt 0] QITHFig. 2).

2ok

2
=

%
r

AAES] AToA AsAD W FAA] Lol ik #
Aol ¥ Zvlksa gtk et o] &4 HAE vF B
$lslaL subtractiono]u} DD-PCRE §3le] o|E& Fohiivke
AL v]golt} A7to] Yol ARHHE o] Slo] 34|
£ Holrt B dFollAe whAel 28t apoptosis?]
Hl23 AYAE 77 AL €87 K562 AIEE tdes,
WA Aede] =4z AkE fARE =2A] Slsled
PCR-select cDNA subtraction ¥}H-2 AL-£-alitt. o9} =%l
Aol dubgoz ALE= DD-PCRYo| A& 9] Al&r}
8753, F A ol =79 nlart shedt Aol e
L}, false positive®] 91@AJo] gl AFFo] ofFH$u H]Fo|
7 wdlo] gon] A7te] go| L83tk o] Qlof, &
#lolli= subtractive hybridization ¥*e] ®e] o]&XI S+
AARolt}. A5HoF FePE]o]E subtraction?] WYL F X}
#|] hybridizationg WHE-sljo} sl W] 7d2E 9
o] glod, B3] §AA wdlo] ]kt AS AFHoE F
9 shsAe] dutelgiekt? et ol2idt FAAE A
7] flale] HIole AR U¥EE AR Ag
& AR o7 ZZX)7] PCR-select cDNA subtraction W}
o] AT glonl>? ZTAAA FAo] HE FAAY
FAg 9450 Fukslo] FEEe AE W st swp
pression PCRe| 7] o] &5z ¢rt”
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B Aol e A S 2A8 AEY) genisteing 5
Aldelste] WAdol ZubEl Al¥oll that subtractive hybridi-
zationg A3 BAAE 5 23 APFS “driver”
2 genisteind} FAA G AHFL “tester”Z ARSI} o
EollA] PAIgt cDNAE ojLaled subtractive hybridization
B3l dofRl 2 ' clonesEoll tdh DNA sequencing
& AlAJslo] blast searchdo] 4EAS ARG olF F
homo sapiens®] Smads FAZIe} 95%9 AT Vehle
cloneo] ZAY3lgl=ul], Northern hybridizationg % mRNA
BHe] Rolg ZAeZH oF ZZsrt. tester cDNA
£ driverol] vlsle] ol $ e wWde) BAFGon, 2T
o2 A83 HAAzAS HMAS BRI AEdAE
2 wdsEo] wl$ uloksle) Smads FAAL WA WA
o] zAol| FH FL FUEE HeAE AHeE By
Frt.

Smad6y= Smad family ThAol| E3HEl  subfamilyo]c}.
Smad familyr =% FEF&ENA Drosophila Mad SR 219}
9] AEA o] ¥aE|glond, TGF-3/BMP (Bone Morphogenetic
Protein) A5 A =2 downstream effector24] 2]#] ek o]
£ 8709 subfamily g2 TA4o] Sl&d] 77t BolHQl J)5
< Z=h Smad YA EL 4570 kDadl RS A
N-gda} Gl A7jAQe] & S 2 F A
9 AYE Z=th olE5F mothers against decapentaplegic
(mad) homology (MH 13} MH 2)g}2 3h}® Smad D8-S
Aol zFdllA FHA AsH, 15 F d¥e d4F
3 248 wethe Aol A Smad6S Smad7z} 3
7 o2 Smad DAST} TRalo] “iphibitory Smad”E HE
Hed olZREl 189 J5E CFY § Stk oS
serine/threonine kinase receptorsel] QHFH o2 A+, type [
receptorel]  9Jz1ed,” e ZESl iRl Smadds} S
Smad subfamily®] heteromeric complex2] ¢S wWhaligho 24
T2 Smad subfamilyS9] AL A3t aElT Smads
9} Smad7 mRNAY: ET|3) ) Eol|A] shear stressol] 2]a}od
o] gEHckn e gt Aol Smad6st 79 o
Al 7123 AZ 24, Smad7e YuHEQ TGFB familyS]
A2 2ZA Q) 715-& ZE Hh Smad6: BMPS] signalg& 4
goz AAFPL P gz ekt HAGATA
Smad69t 79] W FFo] th2chs Zolrh Smad6e] FZv
e FAYERE WS day, colgk A595 9siy
mRNA o] $EHE” 2o Bud SH2 wge)
familyS] SOCS/JAB/SSIZ} JAK/STAT signaling 7d29] anta-
gonist2419] 2o Smad6s} §-Apsirha e

&2
@

HEAMSZQIEE| K] 2001:19(3):245~251

Smad62] apoptosis®} FHF HwellA= mouse hybridoma
MH60 A|¥Eoll4] apoptosisE wifsle BMP2 AlZALS
Smad67} Algckar st9ich. BMP2E TGF QAMHE (53}
+d], Smad6: TAKIo] FAHHog Aytsle] BMP2-induced
TAK1 B39} 138 QASHE Astod apoptosissl] Tisk A
g4 Jehdck® Smadlg H|Esle] Smad2o} 32 Erk
MAPKE S ARAxe] Asmgel EHold Eke
Smadlg A3kl Smadie] ) W) ZHz AALAel
9Z19) BMPS] 715l whle] g Bek? olel TislA
Smad6e] 28 AHHEA A7 ¥ & g Reld ER
mouse B cell hybridoma HS-72 A|Fol|4] Smad6= hBMP-
induced growth arrest®} apoptosisE ¢jAlsh= ZHE-S 10, o]
= Smad67} B lineage A)EollA] hBMP2¢l] 2J3t growth arrest
9} apoptosis?] ZAd| hslo] negative feedback loopol] FiE
grhe A& AAg) 3 Smad6t= Smadl®} 59 Q14k3fof]
tldte] BMP-induced signal-S ShR|ZJ 0 F A growth arrest9}
apoptosisZ AR Aol EuHEick® e Smad6r}
kA Aol osle] 5% apoptosisoll that A 3FAddl o]
drhe AL oA LA QA Yk B AT Ao
4] Smad6 mRNAS] o] dirverol] wlsle] WhALAo] it
o) 23t testerolld] Al 713 A HMAS *HAHA
F FAA s Aol A AEdA Ll FFe] UGt
W AEZ ulFo| Hol WhAA uklae] A4 F2 Bt
VRS Y ik A7

TGF-B w7 ATAFL moused] WA HFEE 57
A7 IL-1, TNF, IL-12, SCF (stem cell factor) 5
cytokines] Aol WAA AZelA HIISE s
TGF- & #54¢ $A” Smad6s} TGF-8 wiAA Al
FAGA effectorZ 283 thE Smad ThHA Sl dist
o A7 ZE AR "|Fo)Ro} Smadedt WA W
A gl apoptosis WA 27l Aol EANY Aozt AL
=k shARt o]t A R wE BHlElE 4l st
e 8 Al E s dE, ol& S| A%
BAAYZo] o]Folof & Holrt. Smads A LH
< AT antisense 37| A D] Agolut Smad6 F-H
o) W g AAple FEEE W ALgeEA 2 Vs
& JAAT F 2 AYARE AYFeRA 2 UL
s F9 F U Rolw, ohE WA EIAE AE
ol A2lA| Smad6 FHALe) WA AT Ped 7o A
Feeh, a2l A " PTK oAlA] A28 §8 AlEe
A g AZo] Smad6] upstreamol| A= AGA| 2AH T A
ZAslo] T FAlol He AE e AR 5 F

-

> B 1o

¢
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— Abstract

Smad6 Gene and Suppression of Radiation-Induced Apoptosis by
Genistein in Kb62 Cells

Soo Jin Jeong, M.S.*, Young Hee Jin, M.S.", Yeo Jin Yoo, M.D.",
Chang Ho Do, M.D.", Min Ho Jeong, M.D.", Gi Yeong Huh, M.D.’,
Hye Ran Bae, M.D.", Kwang Mo Yang, M.D., Chang Woo Moon, M.D.,
Sin Geun Oh, M.D., Won Joo Hur, M.D. and Hyung Sik Lee, M.D.

Department of Radiation Oncology, Institute of Medical Science’,
College of Medicine, Dong-A University, Pusan, Korea

Purpose : The genes involved on the suppression of radiation-induced apoptosis by genistein in K562
leukemia cell line was investigated.

Materials and methods : K562 cells in exponential growth phase were irradiated with a linear accelerator
at room temperature. For X-ray irradiation and drug treatment, cultures were prepared at 2X10° cells/mL.
The cells were irradiated with 10 Gy (Clinac 1800C, Varian, USA). Stock solutions of herbimycin A (HMA,
Calbiochem, UK) and genistein (Calbiochem, UK) were prepared in dimethylsulfoxide (DMSO, Sigma, UK).
After incubation at 37°C for 24 h, PCR-select ¢cDNA subtractive hybridization, dot hybridization, DNA seq-
uencing and Northermn hybridization were examined.

Results : Smadb gene was identified from the differentially expressed genes in K562 cells incubated with
genistein which had been selected by PCR-select cDNA subtractive hybridization. The mRNA expression
of Smad6 in K562 cells incubated with genistein was also higher than control group by Northern hybridi-
zation analysis.

Conclusion : We have shown that Smad6 involved on the suppression of radiation-induced apoptosis by
genistein in K562 leukemia cell line. !t is plausible that the relationship between Smad6 and the suppres-
sion of radiation-induced apoptosis is essential for treatment development based on molecular targeting
designed to modify radiation-induced apoptosis.

Key Words : PTK inhibitors, Oncogene expression, Radiation-induced apoptosis, Smad6
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