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SUMMARY
I. Title

Development of Molecular Nuclear Medicine Technology in apoptosis and signal

transduction

II. Object and Necessity of Research

The purpose of this project is to develop molecular nuclear medicine
technology in apoptosis and signal transduction, there are two cartegory, one is
to synthesis of radiopharmaceuticals and to develop imaging technology that was
associated with cell signal transduction related molecules, the other is tb
screen gene group upregulated or down-regulated by beta-radioisotope treatment
and to develop application technology of molecular nuclear medicine using
beta-irradiation response gene, )

At first, we prepare radiolabeled Annexin V that bind to phosphatidylserine,
moving from inner leaflet to outer leaflet during apoptosis, and develop imaging
technology using radiolabeled Annexin V in apoptosis animal model.

We develope evaluation method for therapeutic effect of beta-irradiation
according to pb3 status using radiophamaceutical determining cellular
metabolism. p53 gene mutation is important in cancer cell, Based on a new
understanding for p53 gene function in normal tissue and natural cell death of
cancer, it is necessary to study about signal mechanism related apoptosis and
cell cycle in cancer cell according to pb3 status. Study of signal mechanism in
cancer related pb3 was of wide application for another basic medicine and clinic
part. We will now turn toward gene therapy and whether we can improve prognosis
by p53.

So far, study of cellular response for low-dose beta-ray isotope is unclear. we

have to evaluate cellular uptake change of radio-labelled metabolic compound and

cellular response change of cell in cancer cell according to pb3 status after

beta-ray isotope treatment.
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Research of cancer cell according to p53 status after beta-ray isotope treatment
was estimated treatment effects after radiological treatment., we expected to

development of a new technology in therapy and diagnosis of cancer related p53.

In relation to DNA chip manufacture and gene valuation skills, study of genes
related radiation treatment is quite possibility that development of reporter

system using genes may a new methods to evaluate function of genes.

Gene therapy and diagnosis is applicable to clinic. Active research continues in
several laboratories worldwide, It 1is necessary to insurance of domestic

technology about gene therapy.

Results of the gene searching will help us to determine the efficacy of

radiation therapy and will guide further development of treatment genes.

Using DNA chip, we screen out gene groups which up- or down- regulated by beta
irradiation of radioisotope, and mined gene groups or genes is used to
developing new molecular nuclear medicine technology. we also develop and
compare between radioactive microarray on the research related with apoptosis
and signal transduction and DNA chip dataAs determining apoptotic cellular
response in molecular level, we could introduce a new or alternative therapeutic

modality and therapetic response monitoring methodology.

1II. Scope and Contents of the pfoject

1. Development of imaging technology and synthesis of radiophamaceuticals for
cellular signal transduction molecules
1) Development of Imaging technology of apoptosis ( Annexin V image)
2) Study of radiopharmaceuticals uptake and image in cancer cell line
according to pb3 status after radiation
2. Mining of beta-irradiation response gene groups or genes in tumor cell lines
1) Searching for genes responsed to I-131 and Re-188 in brain, lung and
breast cancer cell

2) Development of application technology for mining betairradiation response



gene groups or genes
3) application of radioactive microarray on the research related with

apoptosis and signal transduction -

IV. Results and Proposals for application

1. Development of imaging technology and synthesis of radiophamacéuticals for

cellular signal transduction molecules

1) Development of Imaging technology of apoptosis ( Annexin V image)

For apoptosis nuclear imaging using radiolabeled Annexin V, we prepared two
chelates, HYNIC and ethylenedicysteine, to be conjugated with annexin V. HYNIC
showed high radiolabeling yield with ¥98re-tricine and high stability in human
serum, we established the preparation method for conjugation between HYNIC and
annexin V and radiolabeling procedure of HYNIC-annexin V conjugate with
%Te-tricine. To evaluate whether *"Tc-HYNIC-annexin V could be bound to apoptic
cell, *"Tc-HYNIC-annexin V binding experiment was performed in dexamethasone
induced thymocyte apoptosis model. we studied the usefulness and feasibility of
clinical application of 9 HYNIC-annexin V in hepatocyte specific apoptosis

and radiation induced lung tumor apoptosis.

2) Study of radiopharmaceuticals uptake and image in cancer cell line

according to pb3 status after radiation

A.Comparison of cellular response in p53 wild-type and mutaht—type cell line
after radiaton,
: MCF7(p53 wt) cell line is more sensitive than MDA-MB-231(p53 mt) cell line

to Re-188, But cell cycle analysis is no difference.

B.Establishment of cell line according to p53 status.
a)pb3 mutant-type and pb3 wild-type overexpressed cell line using
MDA-MB-231(p53 mt) |

b) pb3 wild-type and p53 dominant negative mutant typevoverexpreSSed cell line

-xi..



using MCF7(p53 wt)

C.Effects of the pb3 tumor suppressor gene on radiation sensitivity and cell
uptake after Re-188 treatment
a) mutant-type and overexpressed wild-type p53 cell line (MDA-MB-231)
MDA-MB-231 cell line containing mutant p53 gene is more sensitive than
MDA-MB-231 cell line containing wild-type p53 to Re-188.
: After Re-188 treatment, F-18-FLT uptake decreased in dose and time dependent,
b) wild-type and dominant negative mutant type pb53 cell line (MCF7)
: MCF7 cell line containing mutant p53 gene is more sensitive than MCF7 cell
line containing wild-type p53 to Re-188.
: After Re-188 treatment, F-18-FDG and F-18-FET uptake significantly increased
in dose and time dependent.

F-18-FDG uptake is a great difference between pb3 status after Re-188
treatment,

2. Investigation of genes responsed to isotope in cancer cell
1) Searching for genes responsed to 1-131 and Re-188 in brain, lung and
breast cancer cell
A. Establishment of protocol for Re-188 treatment
B. Establishment of Methods for gene screening and analysis

C. Identification of apoptosis condition in breast cancer cell after Re-188
treatment

D. searching for genes responsed to Re-188 in breast cancer cell

2) Development of application technology for mining beta-irradiation response

gene groups or genes

For application of imaging technology for mined genes, we choiced
BCL2-interacting killer(apoptosis-inducing) protein, this protein level was
reduced significant marnitudes. It could be applied as antisense imaging
technology for evaluation of therapheutic efficacy to beta-irradiation therapy,

We 1look up the technologies about the preparation and application of

radiolabeled antisense Oligonucleotides.

= xii -



3) Application of radiocactive microarray on the research related with

apoptosis and signal transduction

1.Development and Pilot Study of Microarray on Apoptosis & Signal
Transduction
- Establishment of Microarray Technology Using Radioisotopes

A.Development and Pilot Study for Hardware of Microarray on Apoptosis &
Signal Transduction | ‘

B.Development and Pilot Study for Software of Microarray Test on Apoptosis &
Signal Transduction Apoptosis & Signal Transduction

"C.Pilot Study of Microarray uSing Total RNA Prepared from Breast Cancer

Patients

2.Diagnosis of Cancer for Microarray on Apoptosis & Signal Transduction
(early detection and conformation) U
- Analysis of Gene Expression Profile in accordance with the Uptake of
Radioisotopes |
A.Characterization of Gene Regulation in Breast Cancer
B.Gene Expression Profile and Biochemistry, Molecular Biological Mechanism
Associated study' |
C. Improvements of Methodological Sensitivity, Spe01flc1ty, Reproducibility
as a Clinical Application »
D.Application of Analytic Gene Expression for B-ray Emitting Radioisotopes

in Breast Cancer Cells
V. The Application of Research Results

@ Apoptosis nuclear imaging using ¥o1--HYNIC-annexin V is non-invasive imaging
technology for representing phenomenon of molecular and cellular level,
Apoptosis nuclear imaging wusing 9T.-HYNIC-annexin V, alternative to
conventional invasive histological and anatomical method, could be used for the
evaluation of therapeutic efficacy and prognosis of diseases after therapy. this
technology could be used as the methodology for evaluation in sucessfulness of

organ transplantation, identification of cardiac diseases, and therapeutic
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efficacy of tumor chemotherapy and radiotherapy. As carrying out further
pre-clinical approach, apoptosis nuclear imaging using 90T c-HYNIC-annexin V

could be effectively used to clinical application,

@ Study of radiopharmaceuticals uptake and image in cancer cell line according
to pb3 status after radiation

- A new understanding for tumor according pb53 status.

- Evaluation and diagnosis of therapy after beta-ray isotope treatment

according p53 status,

- Development of a new therapy and diagnosis methods for tumor related p53.
Investigation of genes responsed to isotope in cancer cell

@ Searching for genes responsed to 1-131 and Re-188 in brain, lung and breast
cancer cell
- Development of a new target through searching for genes responsed to isotope

- Development of radio-medicine based on a new genetic targets,

@ Development of application technology for mining beta-irradiation response
gene groups or genes

BCL2-interacting killer(apoptosis-inducing) protein level could be evaluated by
antisense oligonucleotide thechnology. The changes of uptake of rardiolabeled
antisense oligonucleotide could be used as monitoring methodology for the
evaluation of therapeutic response to tumor radionuclide therapy. This
technology would be perform further pre-clinial experiments, If these result
were merged and organized, this technology would be used as monitori ng method

for therapeutic response in clinical radionuclide therapy.

@ Application of radioactive microarray on the research related with apoptosis

and signal transduction

Construction of Experimental System for Apoptosis & Signal Transduction

Microarray

Discovery of Unique Proteins related with the result of Apoptosis & Signal

Transduction Microarray
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Accumulation of Basic Data Base of Bioinformatics by characterizing the function

of genes

Intramural and extramural collaboration of the result of genomic research

database
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ChH A A W AT AN A B8l o Fof Radioactive Microarray 2-&

o FU8 ¢ AFE ohHAARE oln] YTolN AU UAES th W AFiof
A EQsts 420 MTEL gk AFOE, olg VAW & Yol ABANL
AU 4 g el 2 g R EARIASANE A7 A7 A 3
W % XE7)E Aol 1A ANE, AAY d¥e PASHE e FLY Ropolm
AT ool BHE oHE KA B J5H BHE HIojol $uHE A
Bok2d AT Aol Husle} slgA o] o] FolATH T HlL G A
g 4 Q& Hopz iy |

* Human cDNA microarray& ©o|-&3t f-AA AT AF7lgo] felvteHErt ofyzt Al
ARLEE ofF] xHSF HERL Y Aol AFAANE data based} 3t FF
d. AAYL=R ZtF F[AVVIZE LS AuE glen ol & Microarray APA|o]
Tt JlesidE A¥ Fell o Y o] whHe fEANY HolE Y e F
ot A ¥ JledTee] /U8 HE F olHE sledd st wWel W
23 ok,
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HLE st} BUstA +38E Ay, AR ojget dFE, Ti %LHOH
A w2 WHES Hole Yz TN Uud 2 o Hojet HHH AFEA
2 AFZATE 15 YA THAYA TEHE o] L3 Yoty FHoHAE At
GThal o4AZ.  F=F FH 19994 UE A8 E =R 2005dolE A AA <A
A% 4 B oEol of 80%E XA Y Zolga AWsla g I S
T URH AVESTRINAE "o T Aleksuro] X A T2 ujRo] B

W FAN veleHla A A2EAA vj¢ FLAL F Wey 47 Hdw
%—8—‘?_ Hlo] QHF Jj&E AN FIAHOE 9§ 3

AAW. EF WAYEFAALE SR
oJatziol el MelAerge] YFos AUsA stedA AxY AWlE BEAY
o AXE Agsiin YTt o IMAT xAUolel FAHol L WFHQ

=H }
A fo] o] FoiA o} Yrh= QUAl2] Ao o] FojAo} grtn AtaH.

o A AR AAE UZsHE dANAM "ed & 29 Tt

b, WA AR FAAAL, WA X E8AR 4} TA] e ?i:r’-éi'qlb} 7]

g B4 4 71e8E AEA ik ErHssicia gigis oz

91*7-7} nlEstE # Xli‘?é Aol glojA HAAA Lo EA7 9l
Aol 52 AAZ Ay Zee FHHEE, T FolHA /4

=} ‘?*10194 SAE skl TFA ity FAE A2 BE KFHANY w22 e

B FY AR ML & 2Mo] H RoE oAy,

o["J

S
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1. AE3A} GA3} 7]« (Annexin V QG A))
7} Amnexin V 27kx]o] 48] BolfA EAE 93 Beol= A
(1) HINICS] 3 o Ee| A

(7}) 6-Hydrazinopyridine-3-carboxylic acid®] ¥4 4 Zg|

6-Chloronicotinic acid 8.0g(50.77mmol )3} 80% hydrazine hydrate 35ml(930.0mmol)S
teflon coated magnetic stirrer®} ¥#A] 500ml S EgfA o] Y3l 100TC oil bath
oA 4XZtEet BREAIZATE ¥HE FE Fol= A2oA 10417 WA Fo] rotary
evaporator @ 2| +5¢t ZAUAZE A ZATh of7]o] 200mle] AFFTE 713 HoliL,
=dAto 2 pH 558 AAstct BAEAH FHEL Whatman filter paper No 128 o
sttt 95% ethanol3} ether® 7zbz} 234 whE AH st J-Z AZR7|oA 124]
b Az AZiTh olgA dold whg AIEo] 2N NHOHE HEE 7h =9 F
TLC(C18-silica gel, reverse phase, Aldrich)& Z3%& 7] (n-hexane : 2N NHOH
chloroform = 1 : 2 : 1)& AF&3to] AAAZ F U V lampolld W& lsign
'H-\MRZ. ¥ & Felslgir),

(1}) 6-BOC-hydrazinopyridine-3-carboxylic acid®] 4 U F&]
6-Hydrazinopyridine-3-carboxylic acid 1.4g(9.8mmol)& stirrerg} T# gol&EF 16
Al 7H5eb Al 2o ukgA]Z T Whg £ 8 ] rotary evaporator® 1047t Az
X7l 2 A3 ethyl acetate® ¢l % silica gel 60(230-400mesh)& ©]-8-3]
column chromatographyE AlA|8F £ rotary evaporator® 12A17HsQt ZrAX A1A
th  olFA Aol g AIEo] ethyl acetateE HTGIF sl wA F
TLC(C18-silica gel, reverse phase, Aldrich)E E%d7f%(n-hexane : 2N NH0OH :
chloroforn = 1 : 2 ¢ 1)& AHg3tel AN F U, V lampeld W2e Telsisiz,
H-NRE. 2 F¥lstolct

_13_



(t}) Succinimidyl 6-BOC-hydrazinopyridine-3-carboxylic acid®] 3 4 g 1
15m18] DMFo]  6-BOC-hydrazinopyridine-3-carboxylic acid 1.45g(5.75mmol )=z}
N-hydroxysuccinimide 0.66g(5. 75mmol )& g3, 5ml 2] DMF o] =9l
dicyclohexylcarbodiimide 1,18g(5.75mmol)L A 713t ¥ Al2ojA] 16A]7H 5 vE-&A]
ZHch WS EEF EJEL Vhatman Noll® o33t Fof 2 A2l ethyl acetate®
=o0]3l silica gel 60(230-400mesh)& ©]-&3] column chromatographyE AlA]gF F-of
rotary evaporator® 12A]ZHEqt AR AlZch olFA dolj Mg ZHIE
ethyl acetateE AWak7ls] ol F TLC(Kieselgel 60 Fzsq, Merck)E Z3 A
(chloroform : Methanol : H,0 = 65 : 25 : 4)& AM&3lo] ANAIZ F U, V lampolA
HEA S Felstela, 'H-NMRE FE Felstgich

(2}) Succinimidyl 6-hydrazinopyridine-3-carboxylate hydrochloride(HYNIC)®] ¥4
9 2o

100m1 8] S EetAAd stirrerE Y3 Succinimidyl 6-BOC-hydrazinopyridine-3-
carboxylic acid 100mg(0.285 mmol)& H7} %o 2ml8] Dioxanel T gt} FIEEl
23 4FE Y AaVtARE EAIE FAANL F [AFAIE 0183
HCl/dioxane 2ml-& E7}gt 3 AlLojA 15¢ H¢F wtgAlZicth Whatman No, 58 o3}
A7 ¥ ether® 53] ¥HE A H3tgct. o]FA @iz ¥k ZAEC] methanol S Y
2718 ¢l ¥ TLC(Kieselgel 60 Fasq, Merck)E E3A 7] (chloroform : Methanol :
H0 = 65 25 1 4)& AMg3to] A F U, V lampolld WAE HASATL, H-NR
2 z&¥ols}gdtt. 6-chloronicotinic acidE A|RERAZ 3lo] J @AY HAF (29
1)& AA Succinimidyl 6-hydrazinopyridine-3-carboxylate hydrochlorideE %483}
43 HEEY &2 19.7%4c). o] ¥hg AIES methanolo] ¢ ¥ TLCE ©]&-3}
of WHSEHSS Helgn, 'H-MRE AHgsle] YEES HF U

o o — NH-HCI
N NH/

\ /

N—O N

3% 1. The structure of HYNIC

- 14 -



(2) Ethylenedicysteine(EC)&] ¥4 W Ea| A

L-cysteine (1 g, 6.34 mmol)3H,2-dibromoethane (273 mL, 3.17 mmol), NaHCO3 (1.

g, 13.3 mmol)E& H20:EtOH=4:1 &Y 30 mLof 0|3 75 CE 7tg3ste] 1A ¢S :MLP
stgdrh WESEIIE Aleeor A3 F, sk EE Fo WS FEINN
filterationd}eitl, o]z oJ7}E-E methanolZ} methylene chloride® A% 3}
ethylenedicysteined ¥A33s}oict.

L-cysteine (1 g, 6.34 mmol)z}H,2-dibromoethane (273 mL, 3.17 mmol), NaHCO3 (1.

g, 13.3 mmol)E H20:EtOH=4:1 €Y 30 mLol] ¥o|iL 75 CE 7tEsto 1A 7H& :ﬂ_'ﬂ
stgrh. HEggIIE Ao® Ay F, gy ES Yo #EE FEINR
filterations}gitt. dojz o }E-E methanol?} methylene chloride@ A3}
ethylenedicysteine® 70%2] &2 ¥4 (g 2)3t4ct.

SH

oH *+ BB

NaHCQ, 30-40 min

HoN HO:EtOH=4:1, 75 °C HoN O

O

13! 2. The synthesis scheme of Ethylenedicysteine(EC)

(3) HYNIC-Annexin V&] AH=X

HYNIC(MW= 286.5)S 12mg/mlE] A =elFo] 18.5u1 #3le] DWFoll &el-F ol Annexin
V(MW=35,806)2 5.6mgo] EEE 0.1M Sodium phosphate buffer (pH=7.8)0l *=5e1-Foj
NEolA ANTES T AoFEA Aol NIHI WSS FAsk st
500mM glycine in PBS (pH 7.4) 500ul® dolFojA wr&-& ZFZ3stglt}. DialysisE
20mM Sodium Citrate buffer, 100mM NaCI(pH=5.2)& o] &3} 5HAE bufferfE IH

sto] ZWHA 242 75 MF cuttoff value=10,000 ¢ FMuhg o] &3l E2wEE A

Astach QoA ¥rgelE Centricon-30& ©]&3lo BFHITFol ‘|20mM citrate
buffer, pH=5.2& o]43}e] 2% 1mg/ml & RAdI 2tz 1004£(1mg/ml )% &
F3lo] -20To] RF3t] thA el ARE-3ic,

..15..
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(4) EC-Annexin V&] AR

EC (5mg, 0.019mmol, MW: 263.2, 210eq)Z sodium bicarbonate (IN, IM) I1mloj
stirrer bar2} TAStH] HQFo] sulfo-NHS(4mg, 0.019mmol )2} EDC(4mg, 0.019 mmol,
210eq)-& H7}3ic)

o] &gt ut-g-olo]l Annexin V (0.3mg, MW: 33Kd, 0.09090%umol, leq)S H7}gHol 244
P20l A stirringstA Al WHEETh wE-go] TykFof 48A]7H5 < PBSE FAE Al
3l ECES AAZCE FAA A}LE cutoff valuer 10,000 MWE ARE3tYch &
ZAZEFo| ZtZHE aliquotdted M thg ¥h-go A3ttt

L. Annexin Vol G448 WAMFH 4 Te-99n B2 A
: HYNIC-Annexin Vi= Rghg WAl 59449 *Tcz} AHolES o2& HFoM F
788 tricine ¥2tet HINICTF-Zol A AALx}7he] Zdo]def &ste] EAEE= ZoR
adaHA  AUrH(2¥  3). HYNICE bifunctional chelating agent® AF&3}o
HYNIC-Annexin V& A RZ3}5L SnCl, & FHUAZE, Tricined coligand® s}o] Rghg #}
AT AUA P Teg 98%o] 2] EA4LE A2t EAYPS Ut 4).
HEAFL tricine®d] B X7} 35 mg/ml, SnC127} 0.4 mg/ml2] H=7} =5 Argon 7]
Fole] FRaol STl pHE 7.00% HHST oS 1 nl 4 Eisje FAAZT
Fo A3ttt ARE tricine cold kit o] &35l *"TcE 1 mlE st Ago] Y
% BEL] WARsE H7ksto] Aol rolling BPE Fotol 027 NI E
7‘]?5}‘”11} ¥A]#H ggmrc—tricine“l] A $L&LE o] 5A4E methylethylketone(MEK)E 3}
3 ARAALE instant thin layer chromatogram- slica gel(1TLC-sg)& 3}o] E7}slal
o, 304 99% o]Ake] HA| $£&& e} Radio-colloidE H7}sH7] $1s}
o olFAS AEjAlYg 4 (saline)E 3t AX]ANE instant thin layer chromatogram-
slica gel(ITLC-sg) & 3}o] B}ty on, 3080l 1% o]dte] wWald FZolEE g
d3to] et Fo] BAE UYLt AZRE *Tc-tricined o]-&3to] HYNIC-Annexin

-

Vel S HolFo A4 1A T whg3ta FA] £&E HUISiYh XS
&9 H7l= o]5ANE 0.1M citrate buffer pH 5.02.% 3}3 AX|AL instant thin
layer chromatogram- slica gel(ITLC-sg)& 3}o] B 7}stleny, 60 BLgoA] 98% o]

2 EA $&& UehlgcHad 4).

- 16 -



HYNIC

(Tricine),

9% _HYNIC-Annexin V2] F-Z%&
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99mTc-HYNIC-Annexin V
( >98%)

Free 99mTc or 99mTc-Tricine
(<2%)

Rf
Stationary phase : ITLC-sg / Mobile phase : 0.1M Citrate buffer pH=5.0

1% 4. P*Tc-HYNIC-Annexin V2] WApu}E A2 ntE 13

t}. *"Tc-HYNIC-Annexin V2] AlET) ¢rRA =7}

10 O
A zZH P Tc-HNIC-Annexin V] Aol RS 3ty ¢3te] Al &%
3} Zaro] "Tc-HYNIC-Annexin VE o] 37TColA 24A1Zt712] 8] QMRS EA3}
At ¢rRAe] Myl o|ZARE (.1M citrate buffer pH 5.02.% 33 BA|AS
instant thin layer chromatogram- slica gel(ITLC-sg)& 3}o] B3t Az} AAH L
of FHs¥ HYHS WalY 4 qlaith 6A73t AN 2h7t 92,208} 82.2%8)
B%8& e 2] 5).

- 18 -



- 100

X

- 90?-\ e —
Ig 80 |

& 70F

o

g 60

s 50T

5 I

_8 40

> 30T

S 207t

>

e 10T

: 2 1 ] ' ) B . ) |
< 0

0 3 6 9 12 15 18 21 24

Elasped Time (hr)

% 5. ¥ Tc-HYNIC-Annexin Vo] @3] ¢tB A H7}

2}, ""Tc-HYNIC-Annexin V&] A|X A} AT A¥s H7}

®Tc-HYNIC-Annexin VE ©o]-&3te] MEIALE H7lshe Zlo] 7hsd ZAUAAE HUs
71 ¢iste] 532 nhfAe] FAE wojulo] FAMEE EeITT 24wello] 2x105
celle welly FE3t ol7lo] FHNTL AZIANE fEste 2oz gy
dexamethasone& 0 ng/mlollAl 8 ng/ml 7}R|8] 528 24X 7HF Q¢ A 3HF SHEAZ
x| & o]&5}o] Annexin V- FITCS} Propidium iodide(PI)& ©]&3%} dual stainingS 4
Aste]  HZIA BEE Btk x3 AR Tc-HNIC-Amexin  VE
10uCi (370KkBq)/ lug/ 0.1 ml1E Z+Z}e] welloll H7Istal 1A ZH¥of A2 WAile& Al
Z3to] Eojulalsake] WEQE Uehfo] *"Tc-HINIC-Annexin V] ZA¥ WilsS U
Elgitt, FAHAMEE dexamethasones?] S5 Z7lol mheta AEIAE Uehde Al
32| o] F/EE Fo] FAHE B8 B et 6). FAAEY Al
EIAE SATEA 78 P"Tc-HNIC-Annexin VE o]-&3le] H7lste Wy 7]&o
22 ARREHE AEIAL] A Hob W AT EM7I AL dXH= A¥
AzH(AT=E: R=0,99)F VEelidcH g 7).
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Dexa.

Cong.{ng/ml) 0 0.1
. fate
g Necrosis Apoptosis
k-]
2
£
=
=4
Q. Early
2 Normal )
. Apoptosis

AnnexinV -FITC

)

)
b4

Annexin VFITC(+) (

2 4 6 8 10
Dexamethason Cong,(ng/ml)

3% 6. FACS analysis of Apoptosis in Thymocyte After Dexamethason

treatment
10
9
> 8
5 R2 0.9903
o5 7
55 6f
0f s
Z
$E 4
s
o 3
E 2
1
0
0 2 4 6 8 10

Dexamethason Conc.(ng/mf)

Annexin V-FITC(+) (%)

100
90T
80¢

70

607

50
40

301

20
10

RZ = 0.9956

0 2 4 6 8

9smTc-HYNIC-Annexin V uptake(%ID)

3 7. Comparision of between FACS analysis and In Vitro Binding of

99mTc-HYNIC-Annexin V in Thymocyte Apoptosis Model
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o}, *"Tc-HYNIC-Annexin Vo] AHEX Iy}

""Tc-HYNIC-Annexin V&] BAELE Brista BAHA w&718E HAsY] 215t
HA} gl Ao|A "Tc-HYNIC-Annexin VE 20uCi(3.7MBq)/ lug/ 0.1mlS FAFEHE 30
B, 1A 74Xl Zzke] A E H &3t BAE st UuplREE |83t
of Yitsg AEsHr. BAEE Aol F2 23} vl HA7t wken,
F Fe B3to] wi&Ee Zo= Uiyttt Aol mtaE o] gl HdAHE

2 A%
At ustol AAUeld TS BT 4 ALTHIT 8).
90 r Bl 30min
B 1ihr
80 O 4hr
70
60
K
2 50
2
40
30
20
10
0 L J
«6\6 oeéo
S

3 8. BAMFS- Ao A P"Tc-HYNIC-Annexin Ve] Al Ztcd BAEX
v}, %"Tc-HYNIC-Annexin VE o] &3}o] 7t X Eo]zel MEIA HAE}

Death receptor?] Fasg YAIA|7|E TEZEAQ Jo2 A (Anti-mouse Fas
hamster monoclonal antibody)& %F nlglw 10ugE A ej3tx] 90&o] ZHH3r F
*™Tc-HYNIC-Annexin V& & ule]w 110uCi(4.07MBq)/ 2ug/ 0.1ml& FAFSISL 1A 7T
o] BAGLE HuFhetE o] &3l FEIAr AAEYL A3 tRIdAA=
Ao wiabse] z o] EE R ofgtoni, Jo2 AIAE FoldE ToT WALEA
Annexin Vo] Z o] A ArH Y 9), E3 zta} Al Waks& 357 4
sto] zt 2] 7t3h AL wojuo] RAE FAsta HulFRREE o8-8l WANsE
238t =7 Ty 2BY FAb WAtz HES(x1D/g) 2 WehfdTh tfzIdA
L 7h3} AR el A2 &o] 17.76 %ID/gd} 102.49%1D/go] glom A AT A=
22.37%1D/g8} 79.6 %ID/g2 UERAYTH 23 10). 3rA] A e|oA] ZtofA el WAlsol
1.268] Z7hstom ol Zt So|Fel MEIALe] ABIA PTc-HNIC-Annexin V7} &
olFo g It FUHE UEehdrt
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%n . HYNIC-Annexin VE o] &3lo] ZHA|E So]del XA}
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%IDl/g

% 10, ZHAX EolFoel

120

100 1

80
60
40

20

1 Control(n=10)

[0 Anti-Fas treatment(n=5)

P<0.001

P<0.001

Kidney

Liver

XA} FAR o)A P*Tc-HINIC-Annexin V]

378 AL 83
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A} *"Tc-HINIC-Annexin VE o] &3te] whatdol] wgste sigte] MEsab @408}
o S| M Q] NCI-H460AM] 2= Propidium iodideE ©]€3 FAITEAN A
WAbAOl A sub Glof Uelb= MEIA =7t 244 Zell= 105, 2|
30%2] MZIAZE =3 E AoR st NCI-H460 H Y AZFE
YE of=Fo 3ste] 1 x 107 A7t A mstE FAI 144 Z 35
717 1 e A= FERYEE ARgsidnh. Y Fofol FAEH -

**Tc-HYNIC-Annexin VE 100uCi(3.7MBg)/ 2.5ug/ 0.1mlS FAPS}IL 14 7HEo) A4
dE oo o|F ol FULRY o] FHAUNA] kgt HUFTY A rEn

3}5l dose rateE 66.57cGy/minl & 15,0257 ZA}St] 106ye] virls& AL ¥ 1
o, 39 ZH3bFof Tc-HYNIC-Annexin VE 100uCi(3.7MBq)/ 2.5ug/ 0.1ml& FA}S}I
1A[ZbFof BAGHE @ om ojufolls Foko] FAFQ o] ARG ©|EA
*"Tc-HNIC-Annexin VE ©o]-€3t MEDAL ato] ] Fokiglo] Solgeg FAFHE
2E& FstgdrH 2y 11). o] WA o] &3 XN FEHE * Tc-HINIC-Annexin VE
o] &3t MEDALE HiIgro g &I B rto] *"Tc-HYNIC-Annexin VE o] &3}

€ o] 7hedE dFstolrth

T : NCI-H460 tumor

| -
Before y-irradiation 1 day 3 day

230 11. *"Tc-HYNIC-Annexin V& 0|23} ulx}d X 2o 2]3 sjob M XA}

) = 4
e
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205380l W PAbIEANL NBAT A4S WAPILE S 2 o
A 3

7}, p53 wild type AIEF A Z L p53 mutant type MEF HA W mutant A3
A% Wt 53§ oQ) K=

(1) MCF72} MDA-MB-231 AM|EXZE

(7}) AR ZAF F v A 2o whE MEAAEE W
MCF7 MIZF2] 7--oll H‘*}d—é’x_—
& T HRY -r7} 95.8%0| 4] 9
Gy?] WAL ZARIALS o) anog Al 7ke] B Eof ulel 93.5%0 A 90, 4%, 58.
23t 87%% F718He A4S BEYcTh 7.22 Gyo] WAMIE RAMEE 739 87.5%0]
A 66.9%, 34.4%, 28.2%F ZrASHE FAE Urhidrt 7.22 GyE XA Z-9ol Hy
F Azto] BE4E A *é‘f:%Ol f28tA Wk ag 12)
MDA-MB-231 M| 328 Z-f-of Wil g ZABHA] ¢f2 UREE A8 ZFo wet 4
& T AxEe 71 90. 5601]*1 88%, 83%, 90.5%% F¥ Xol& UehfA] dgten,
0.72 Gy®] Wrtd& ZASIAS ufl v A7) BFol ule} 84.5%0 4 83%, 79%, 88%
2 el 7.22 Gyo] WAL ZARIEE wi wior x|z7he] FEof el 73. 7%oll A
78.5%, 78.7%% H x}ol& Ho|x] ¢itirt 48X Ztxjoll 66.8%= ‘?12_ A4S A
UFERASATE. MDA-MB-231 M EFe] 7 -9of wapd f{-Fof utet {23 zpo]E Holx]
odgkoH 2y 13)

Mlm rl
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Control

072Gy

Propidium lodide

ohr 4hr 24 hr 48 hr

Forward Scatter

7% 12. Evaluation of cell viability by cytogram analysis of propidium
iodide uptake in MCF7(cell line contained p53 wt)

LR E Y

Contro}

0.72 Gy

Propidium lodide

7220y

ot

hr 4'hr 24:hr 48 hr

Forward Scatter

%) 13. Evaluation of cell viability by cytogram analysis of propidium

iodide uptake in MDA-MB-231(cell line contained p53 mt)
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(L) 2AF AdFat ZaF F ufok AlZbo] whE DNA §3bof tist M AS A3 |
MCF7 MZEF0] A Wb e ZAbsha] obe thzTol A wjodA| k8] B8] wtel bub
G717} 1.26%00 4 0.8%, 0.4%, 0.6%% LIEPron, AAZQ cell cycled] Zjoj&= R
o|z] okt 0.72 Gyo] WAPME AR F-9 wiF Alzto] B Fo wiel sub 61717}
0.76%00 A 0.52%, 1.5%, 0.98%2] FAFE HIen, G2/M77} Z718lgcirt Axp Fof
S g UEhidth WAbE zAbSEA e tzol ulstel ¥ AlolE Holx)
QTh 7.22 Gy®] WA E RAIEE -9 A} FF G17]7F EolEAL S7|7F S718 &
Fe oo, AJ7to] 3ESE aneuploidy?] H]-&o] F718ITIZ} 48A1Zbsie] sub Gl
17} 37¥she S4E Bo] FUc(d 14).

MDA-MB-231 MZF-28] 79 WAL E ZAPSIA] 92 tfREo A wjefA]zte] SEof w

|

fl

o 831
O

N

2} sub G17]7} 0.4%0 X 0.45%, 0.53%, 1.74%% Z7}8t= okabg B on, G2/M7|7t
Azl whel Eol=Ex R% Bt 0.72 Gyo] WAINE AN AL wjF A] o]
S go] we} sub G17]7]- (6%l A 0.4%, 1%, 1.35%% Elgton], A} 2 Fof uls|

A

—_—

(o]

:_'I_d_
Zto] Y42 77 = }%}WV} FolEL oo Urlyth 0.72 Gyl WA
& ZAIE ZA90] DNA TE tfRTe] ¥ xo]E Rolx| kTl 7.22 Gy WA
& ZARE A9 wjer Azto] BEof m}a} sb 61717} 1.2xol 4 0. 263 3tiEt
6.15% 31.4%% Hx} Z7lsle A % om, %A ¥ AZto] AW4E al, S,
G2/M718] ¢Fito] Holx] ¢igfrt

e
33

St = ) CED
i Mé11 ) Lo &tf% [ I% gt i i

Cuontrol z , L | z M gk N o ‘i z ’ ;‘%}\
H H % L |

or2ey .l i

Celi No.

7.2208y  gug W
45

DNA Content

%! 14. The DNA histogram in MCF7 (cell line contained p53 wt)
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; 7;5‘3; .l } ; jw : al %
Control % L [ T : : E E [ i
e ilf% CO :jgi.f‘a i g % & ! )
; [ACARS d T P {
5 - E 4 § o n . "
£y
R RSN P s P S S
'fi u:d B
. DI2GY i §
o A 1 A
= ?w’ 4 S P
= e ok 4 rou oy
[ ”
(@]
7220y ¢ . I R o
oA i H 3 H 2 00 H
j§*1 LA s L ‘o
S TIPS S P S — ke S R S peres
+ e i il b g “ g
Frpt S
0 hr 4hr 24:-hr 48 hr

DNA Content

%) 15. The DNA histogram in MDA-MB-231(cell line contained p53 mt)

th ZApdaz AL ¥ ujod Az W AE Al oy GHAE AS Az
ZAYEA] & thZ MEZoJA annexin V} PI EFo @AE=] 3 AHX

(o]
=
TE 34 lRF (negative control )08 231, ol&E J|E 08 3to] ztzte] ujeka|zt
ohd, dabd AEE E43lgch. olul amexin Vofgt HolHo2 @MY HEZL

A& = 2
7] AR IAMEE ou|sln, P18} annexin Vo ZAlo] Q¥ MEFTS FJ] ME 2
AECZ ol Plojqt GME MEZY A AE IAES &n|gc
p53& FAFHOE U= MCF7 AXF2 ZA$ 0.72 Gy WAk xS uf wj%

A Zvo] BFof wel Z7] MEDAIT} 190 A 0.45%8 Z+A Stz 1.5%, 4%% 27131
= GAS Hoon, T MXE A= 18%0)A 9.2%, 9.7x8 ZHASITII} 24%E F

%
7Vt OFAFE BYrh 7.22 Gyol HARM ZAFES w RAF R 2] 4 A7}
2.6%% 0.72 Gy& ZAMAE wRcot A Uepon wjok Al7to] EFof ute} 1x2 7
astgTisl 8.5%, 11.2%2 R-231A Z7lste S Uelrh 7.22 Gyd] WAME
ZAAE o F7] ME A wloF AJZo] EEo] ulet 21xolA 18%E ZAIIHACTHL
37%, 48.5%% F7stddrt. Aol &2 B¢ A AF F7] ME IAEY &oH,
A 2ke] A atol whet F7FstE T 2y 16).
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Zrasts G Urhgom, F7] AR 2als 10.7%0l4 1.4%2 ZastgTivt
& Bt} 7.22 Gyo] wAbd RARIE
1

4
o] ZEo] wel 27| AEIAT} 7oA 1,655 ZASHEATIZF 13.2%, 12.3%2 F718
£ 94E Yehigdch. MDA-MB-231 HIEFE] Ffolle 7.22 GvE ZAEIEE o 24
A% F7] AE ALY Ftolells 2Tt AlelE HolA] YUTHIH 17)

Control

0.720y

Propidium lodide

Annexin V

1% 16. Cytograms of Annexin V binding vs. Propidium iodide uptake of MCF7

-Gantrol

Propidium lodide

Annexin'V

2! 17. Cytograms of Annexin V binding vs. Propidium iodide uptake of MDA-MB-231
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(2) p53 mutant-type, pb3 wild-type ZpU&E FoFMEF2] Eg

(7}) wild type p53& ZPUEY 4 UE FHA A=
wild type p53S IUd & $ & FHAEZ AR317] #1351 pcDNA3.1 vectorE ]
235ttt pcDNA3.1 vector:= HA(hemagglutinin) A R}E taggingdtil o] A p532]
LHLE HA Thgel YAlo] ChE western blot® ABPOTA HrRS Ut
vector F-Z& J}R| 3 9o, HAo thi Polyclonal antibodiest= Santa CruzZ-{-H
a3ty A2slgct. A ZRH plasnids= p53 §AAbo] A= Ho](point mutation) 7}
RUSoIN AAAQ ps3e] Fg £MeA Bohe AEF WANB-231 AEFol
Lipofectamin method (GIBCO/BRL)E& o]&3}e] transfectiond}il neomycingl G418& ©]
€3lo] cloning sylinder 7|22 HNXE Hesldy HIZE wjgste] AEFE HY
stact thRFE 8AAQ] pcDNAV} transfection®™ M EoA= HAZ} TEEZR] ¢
2 Wbd p53WTo] transfection® M| EFofal= HA whao] FAF ot 2 2
2} MDA MB 231 A|3Zojl pb3WT RF-A=}7} 2t YEEE FAstATHH 19).

A P53 wild type gene
-~

m?-%g

——— -~

RPEREEREH - |

w Represants covalently-bound topoisomerass |

2% 18. Cloning of pb53 wild type gene in pcDNA 3.1/HA vector
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Anti-HA

.12 19, VWestern blot analysis of expression of pb3 using Anti-HA in
MDA-MB-231(p53 mt ; pcDNA) and MDA-MB-231(p53 wt : p53WT)

(L}) MDA-MB-231 (p53mt) |2} MDA-MB-231 (p53wt) A|EFoA 2] ps37]sol ulE
p2l W P

MDA-MB-231 (p53mt) A3} MDA-MB-231 (p53wt) MIZFE 4 Gyo] AM3 4
2 zA} 8t &= p532] Wy & O0PO3L(Calbiochem) BIA&E o©]-&3te Western blot
analysis® ¥olgt Azl =z 8AXFQ pcDNAZ} transfection® A EAAHE
p53WTo] transfection® X2} A T3 p532] 3} WS vehfddcH( 2
20, ¥1%). |
MDA-MB-231 (p53mt) XX} MDA-MB-231 (p53wt) MEFE 4 Gy UM FHdL
2 &} 3F & p538) downstream¢l p212] WL SC-937(santacruz) FAE o]-§3t
Western blot analysis® E¢Qlsleivh. 7 Az} MDA-MB-231 (pb3wt) AXEFe] Z-fol
MhAE S ZAVSHA] 92 TRRZ(pSIWT)I 4 Gyl WaAbd FHldaE 24 ¥

(p52WT+IR) ] p212] Wdo] u]45}¢3, MDA-MB-231 (p53mt) AMIEEFo] Z-f-of YA}
& ZAEIA] Qe R F(pcDNA)Y] A AL WA b2 ubdel 4 Gy WAMS

SI9AZT ZAL & F(pcDNA+4Gy) ] 2% p2le] wdo] IA ZFviEe A& HAUS)
T} 4 Gyl A3 EHYA® 2 & Fo| MDA-MB-231 (p53mt) AIEF
MDA-MB-231 (p53wt) AJEFolA p21o] Wyl 3t p532] WGtz A uissiA U
Eluvbe A& HAstArH g 20, 2&%).

ot o -

44

p33

Z1%l 20, Western blot analysis of expression of p53 and p2l in MDA-MB-231(p53
mt : pcDNA) and MDA-MB-231(p53 wt : pb3WT) by 4 Gy v-irradiation.
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(3) p53 wild-type, dominant negative mutant type ZEFA|EZF2] 3l

(7}) mutant p53& IUTY 4 A= KA AR

MCF70]] mutant p532] 3l vector:= pb3 -§-F=}e] 248H 7] ArgE TrplE X|HH
1.8kb2] p53 dominant negative mutant typeo] ETH total 6.6kb2] pCMV-Neo-Bam
vectorZ o]L3}gt}. p53o] th&t monoclonal antibodiesi= Calbiochem & ZH-E] 73}
o A28} o N-terminal 15%H Serof QI4t3} Fo] ¢l& pb3o] cthdt monoclonal
antibodies= New England Biology25-E T3t Al-&stadct, {4t AlZF MCF7ol
Lipofectamin method (GIBCO/BRL)E o]-&3}o] Transfection il neomycingl G418%
o] &3lo] HFHOoE [AAIL oYM MEFH AEste thg APl A&
g 21)

18kb

P53 (1450bp)
Codon 248 (Arg=>Trp)

CMVPromoter,
Xba | 6522

pCMV-Neo-Bam
(6.6 kb)

HInD 111-4643"

3 21. Cloning p53 Dominant mutant type gene in pCMV-Neo-Bam vector

(W) 3" AEFoN B4 Al dF ps3 Ud FHl

MCF7(p53 wt) A3} MCF7(p53 mt)A] o)A p53e] W& 0PO3L(Calbiochem) Z}A|
2 o]&35}o] Western blot analysis® #elgt A3} controloll A& AL FUg pb3
Fore Uehlfgdch.  zhzte] MEFA 5 Gy WAbE FHd4E 2AHY
-irradiation)3}A U 1mCi2] Re-188 B¢ QA E A e|(B-irradiation)d}l 24417t wje}
gt ¥ p532] WAL controlof HIE ¢zt ZIEIAY vlx¥ @& EArHFig. 13).
2pzhe] MEFo|AM p538] active form?] WH-E H5}7] $13te] N-terminal 158 Ser
o AxrE}E o] gl 3IN|(NEB)E o]&3sle] Heldt A} controlof = Ao FUI ¢
g Uehdeul, MCF7(p53 wt) AMEFo|AE  v-irradiation oJi} B
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-irradiation ¥oj p53 active form w¥ o] Z7}5tgdtt. MCF7(p53 mt) M EFoAE=
-irradiation ©o]\} B-irradiation ¥oj| % p53 active form W&o] JAEo] QU= A&
st 1y 22). ,

ps3 p53 (ser 15)

pS3 wt

p53 mt

Con y B Con Y B
a3 22. Western blot analysis of expression of p53, phospho-p53(ser 15)
in MCF7(p53 wt) and MCF7 (p53 mt) by v-irradiation and B-irradiation,

U pb3 5o whE YA BALAXNE AF MR thAIFSYAIEA]
e H3E H7t

(1).MDA-MB-231 (p53 wt) 2} MDA-MB-231 (p53 mt)M|EFE o]-&3 p53 f-Fof wE
g BAga A A uhg o 1 gae Bt |
(7 AIE el thE RAE AZ Az} (av/PI)

Monte Carlo EGS4 Methodo] 2]3] 24 well culture plateoli] M XEvjo¥el 1mlQl A el
o] 4X]7F ZA} vl OFA] 1nCi/ml, 2mCi/ml, 5mCi/ml1e] A #& M E7} UEF Re-188&
24 well culture plate Bjoflof A Foisted 4417k vjFet F A2 vy InlE
3% MEst AR AZE AFZF slof 0, 4, 8, 16, 24 A N7HA] viFSIST]
Bender MedSystem(Vienna, Austria)A}] Annexin V-FITC kit& Ap&ste] ANEZE 3
g slgrt. o]lE 7ters] feorshE, 1.0 x 1057/ml M Hete) 3004, Annexin
V-FITC 548, Pl 5uE E§ste] ML, adAtelold 1083 G4 F kito] Sle Ix
binding buffer 200445 H 718t SAXE AZIVE SH3tAct

p53S I1 WFESl MDA-MB-231 (p53 wt) A|EZolA WAME ZAFsHA] e tZZY
79 kA zto] B Eof ulzl A& MEL H]-&L 80.3%0]A] 81%, 86%, 88%, 0%
224 Z7psle A2 Uehigch 1 aCi] WA ZAIE o) vje} Ajzte] ZFof
whel 27] MXEIAL} 7. 4%00 A 4.5%, 4%, 5.4%, 4%2] FAFE Heoen, FI7] AXE AL
A 14%0 A 9.6%% ZhASHETIZL 13.4%, 14%, 15.2%% F718te 4A4E& RAth 2
nCi2] WA ZAIRE wl A} HF 27 AX AL 7.6%004 wjek A Zto] ZFof
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whel 5.9%, 4.3% 3%Z AT} 4,452 F7IsHe S Uehddch ¥ AIE
A= ujed A zto] B8] ulel 13%ollA 9.5%% ZrASIATIZ) 11.2%, 13.8%, 14.4%%
715t A4S Kol 5 nCid] WAHE ZAIEE wl, 7] AlE AT 7oA
5.7%, 4.2%, 5.7%, 3.5%2] AL vepoleny, F7] ME A7} 12.5%004 9.9%%
ZrastaTrl 12.8%, 13.7%, 16.4%% J713t= J"J:% Ueh gt a3 23). WA
o] ZF7tol uletd FJ] MR ALY u[&o] FU13HTh

p530] mutation § MDA-MB-231 (p53 mt) M|EFofA wWald & RAPSIA] ¢4 28]
ZA$ wFAzto] B ulel FEFE AZL u]&2 75.3%00 A 71.8%, 75.9%, 78.6%,
80. 1% 222 27t 9ARS UeRy gt 2L MDA-MB-231 (p53 wt) R.t} A|7h
EE ths U2 AEEE vehjglen, ol pb3o] 23 M AlE JA|2Eof ¢
FRog AZECT) 1 nCidl WA ZAE u wle} AlZto] B Fof ulet 27 AR

AT} 11.2%00 X 14,455 Z7VSIATII) 8%, 3.3%, 2.8%22] TAstE AS Hgo
H, &7 MX JAH= 15.5%0A 19.9%, 24.4%, 27.5%, 30.2%% %ﬁzﬂh UNE BA
th 2 mCi®] ¥WhAbd ZAE uwf RAb AFE 27 AX AR} 10, 8%0 4 8} A] 2o

3 Eo wal 14.4%2 27t Tirt 7.5%, 5.1%, 4.5%% ZASH= A veligdch
7] AIXE A= ujoF A Zto] B Eof whal 19 7woll A 20.2%, 23%, 24.3%, 34.9%F F
7bste S E4rh 5 oCig] WAbdE 2ARE w), 27] AR LA} 11.9%00 4
17.6%2 F7}514ltizl 10.2%, 4.1%, 3.6%% 7HAsME GAS Ueidigden, F7] AIX
A7 16.6%00 A 21.8%, 23.9%, 26.4% 28.8%% Z7}sle SARS UEhSTh
MDA-MB-231 (p53 mt) ME 3] Z-Lof Wb ZAF F v} A[zto] AWl wet F7]
A A Eo] Frtstgen, 2 nCiE ZAlstE S wf 2 Xxjolrt 7HE UEhstH(ad
24).
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23 23, Cytogram of Annexin V binding vs. Propidium iodide uptake
MDA-MB-231(p53 wt) in 4 hr beta-irradiation.

Caontrol
@ 1 mci
54
el
2
[= w ot ST
5 AT
& '
o 2 mei
o.

5mCi

bE:S
RE 4

SRIFETIE

ot Wt
FLrH

24 hr

Annexin: V' (p53 mt)

1% 24, Cytogram of Annexin V binding vs. Propidium iodide uptake
MDA-MB-231(p53 mt) in 4 hr beta-irradiation.
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(\}) DNA gadof cigt GAIZ AS A3t (PI €4)
qhalado] 28t MEZ27](cell cycle)?] WELE Tasly] $isiA FujH A e
ol 100% ethanol 2.5ml-& H7tste] AT FEledg TE] o]& -20T oA 3tF T
ZEAIZ F 1,500 rpnol A 587 fAEe stgch AF5 A& AASIL pelleto] 1x
PBS 2ml& o] alo] & ¥ tir] dAalie 3tgdct. pelleto]] PI solution(50ug/ml
PI, 1004g/ml RNase A, 0.05% Triton X-100) 50048 Yl Ao 1587 At
DNA 38 FAHE AZE F331Act
22 §821E b MDA-MB-231(p53 mt)2] DNA contentE T3 Zz} G17]4] DNA
7} 4A17F ZQt whabd Bolda AT ¥ 0A17tY w) controlzt A w|s:gh W] 4
A ZE Zob whabd B9d4 A ¥ 4x 7 wjekslE wf controloll wWlsted G17]2] DNA
content7} 2043% ZHAFIGom, 4A17 Hob whAld Folda Hel ¥ 8 AL vigdlE
Aol 30:5% ZEA-slolTh 4AIZH Bt WA FTHd4A A ¥ 16AT eigEtEE
2 G17]2] DNA contenti= 70:3% ZtAstgom, 4X7F Bt HAHd FHdL A
2421 7v wjekslal & Lol 75w A= AL BWH £ vk WAPd ZAL
wke = zhzhe] mjoF AJZHEQF MZEL controlof u|dte] 16412t vt wiizt=] S7
Z7} ¢3S JUelggen, 2417 uje} AlolE control RBThE 57|17} HAstEE
HolRgth mutant type?] ps32 7H futet MEolAM i AlZo] Adel
Mhab & ZAFSHA] 98 controlo] vlsle] WAME ZAIRE uf iR 617] 4
Eloll A S71& AR 62712 ME ulgo] ZF7ISh= G2/M arrest BE7F LEIKTH IR
25).
wild type p53S =} w3 E gubol X Q1 MDA-MB-231(p53 wt)2] DNA contentE& #
23t A} controlof Al 13£1%2] G17], 45:4%2] G2/M7]8] MX7} &z)3l= AL #H
3t 2= 9lalt}. mutant type?] p53L 7FX Skt A 3EQl MDA-MB-231(p53 mt)3} el
MDA-MB-231(p53 wt)&] M Z oA control?] ME F7|7F BAFFQ cell cycled U
EfUjA] 9kl G17]7} ZEAEle] 9lom, aneuploidy7t BAH Ro2 Urhts 53&
Rorh ol p53 Z} wEe] 23 MR repair 7150l FUtE] GMES FFE o
A3 Fel2 AXF77F HEE Jos Az}
ANZE AP BYA Zal F 8Az 164] 7 wirHE o G17]8] u[&o] 30:2% 2
Azt on, 24170 wi¥R S uwf 45:2% ZHASeiTh MDA-MB-231(p53 wt)d] MEF=
G2/M718] M H[&E AP Zap F A Zto] Ao whet A= AL A ¥ S
sdodom, olget Wit AtF S aneuploid Fefe DNA vl &S F7HIIE 2L
geolggom b wEE wild type pb3oll 2js) of7|H G2/M7] A AFF(G2 arrest)o]
HEg QY MEESo] WaAld Zal Fo MEIANL MEFI] 2] 3] APHEHESE

oo Ao g o

gt
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33 25. The DNA histogram of MDA-MB-231(p53 wt) in 4 hr beta-irradiation
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13! 26. The DNA histogram of MDA-MB-231(p53 mt) in 4 hr beta-irradiation.

(Tt}) F-18-FLT (2'-"*Fluoro-2’-deoxythymidine)2] A2]& W3} 7}

p53 ol wE WAME FHYUA A AF it tiAE EHE ¥ § A= WAt
A oJerE o2 A thymidine §EAQl 2'-"®Fluoro-2’-deoxythymidine(**FLT)& ©]-L-3}
of WA FHEA Aol 3t FHAE] ¥t ciAlE FUstaAt sHHcTh. pb3
mutant type A|3FQ1 MDA-MB-231(p53 mt)3} pb3 wild type A|3EF¢Ql MDA-MB-231(p53
wt)& o-&3te] WA FULEA Re-188L o| &3l 4AI7t Tt FHHAE 47
0, 1, 2, 5 nCiZ AHEg ¥ 0A]ZH, 417, 8AZH, 24A1Zhol] 1412 PFLT &L v
-counterE o]-&3dte] WrlslgTH ¥ 27). UDA-MB-231(p53 mt)2} MDA-MB-231(p53 wt)
o] WAld ZHA AHeFe 8ol 7tz 2.26 %ID&t 1.72 %IDEA] MDA-MB-231(p53
mt)Ql BA HEFI} p53 wild typed] FAx}7F zpUFH MDA-MB-231(p53 wt) H.r}
BELT A3]80] 31% 2713ttt o] wild type?] p53& hutalgh MDA-MB-231(p53 wt)
MEF2] ZAfo= AAAQ cell cycleo] mutant typed] p53& 7}Zl MDA-MB-231(p53
mt)A|ZEF2] Gl 7|7} major peak Q1 AM|EF7|et= tEA G2/M 7] arrest’} UER}E=
Hel 24 G17] — S 7] transitionr] DNAS] ¥tAo] Z718t=d wild type?] pb3E 3
UE R MDA-MB-231(p53 wt)H|EFo = o]t MEFI|E Rolx| ¢YoBE olo w
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] N
L
it
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0 1 2 3 4 s [}] 1 2 ¥ 4 5
Radioactivity dose (mCi) Radicactvity dose (mCi)
(A) O hy (B 4 hua
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(38 hry D) 24 hr

% 27. Time dependency of FLT uptakes in MDA-MB-231(p53 mt : pcDNA) and |
MDA-MB-231(p53 wt : pb3WT) by 4 hour B-irradiation.

(A) MDA-MB-231(p53 mutant type) I;_"_“(‘:‘i‘" = control

23 pr {B) MDA-MB-231(pS3 Wild type) ¥ imCi

© 2y 4 ' o I

47 ~#- SmCi e SmCi

ISFL. T uptake %ID
[ )
18FLT ‘uptake %ID

0 4 8 12 16 20 24 28 0 4 8 12 6 36 24 28
Time (hr) Time (br)

713 28. Dose dependency of FLT uptakes in MDA-MB-231(p53 mt : pcDNA) and
MDA-MB-231(p53 wt : pb3WT) by 4 hour B-irradiation,
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(2) MCF7 (p53 wt) 2} MCF7 (p53 mt)MEFE o] &3 p53 |-Fo wtE YA 94
& HEA] AE 9EE o W HHE HIL
(7h) HAE BEE& vl
WAl ZA} 18A17 Ao zhzhe] MIEE 1.0 x 10°/mé7% 24 well culture plateod]
A Z5to] njokstgon, Mujokao] 7t 552] Re-188 9 Y4 E Monte Carlo EGS4
Methodol] 213 AMXujokel 1mlQl Arefjolla] AjEujokefo] Re-188 =3 AE 0, 1nCi,
0.5mCi, 1mCi XA 3 7}3}o] 24A]7F vjokgt Zof Trypan blue GAHLS o] &3l M
BEES A5t
A 3 *“—’3‘—@.—% ZApd ko] F1%e] whel #AstH o FHULE 1 z
& diE ps3ef wE MEFolA F23 Aol Holx| Ygton, ZAPARY F7t
E}E}HE foet 2tAE viehgA] dotHa® 29-a, b). THALALE 24T ZAPIG
S B RA Rl Sl utel {3t Aol & L}E}Lﬂ o, MCF7(p53 mt) AEF
oA} 0.1 mCi, 0.5 mCi2] Re-188% 24|17t ZAIBIE ¢ MCF?(pSS wt) MEFHT} 2}
Zb 23%, 17% SA RJT xolE Reon, AHoT & 1 uCiE H/UE BF
en A|EF ApoJofq AL Wlxq BESE HIrHIFE 29- c) o] Hzl= MCF7(p53
mt) Ml 37} MCF7(p53 wt) | ZEFo] u)3] B-irradiationo o W3t A& HojFgich

a)th b) 4 hr

viability{ %)

o B &8 8 8

viability(%)

0 0z 04 08 08
{ose of Re—188(n ()

12 6 o2 o4 06 08 1 12

Dose of Re—188(rCl)

C) 24 hr

viability{%)

0 02 04 0.6 0.8 1 1.2
Dose of Re-188(rCi}

1% 29. Evaluation of cell viability by Trypan blue dye exclusion test in
MCF7 (p53 wt) and MCF7 (p53 mt).
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(L) M 3xtof oigt SAHE ASE A3t (AV/PI)

Re-188& 24A17t ZA} T SAX AZVE AEIA @ HZIA} B &S Vo 234
MEIA} L XIS ZAR o] 2715t wlel $715t9. 2w, MCF7(p53 mt)AlE
27} MCF7(p53 wt)M X 3o nls] ozt o & MEIA @ IAW|E&E vepfglch
MCF7(p53 mt)A| 37} MCF7(p53 wt)A|3Z2of Hl3] 0.1 nCid] B4 AHelA] 4% 0.5
nCio] S9¢A Ml 7.2% 1 nCi S84 Al 10% £ AZIA D A&
& UEehgdcH( 23 30).

430803 PCOM

o DACOLEPClsY-

pid¥ wt

s I
1Y 40 1 0

w T aef W 1wt s

10250003  commasen

X AR .
1o qe! 16516 1g*

P53 mt.

sapsaasamb s

ki,

o 10 s0® ag® 1g®

T Lo

=4
1

o 1 w et

w0’ w0 ot Wt ol gal w0 et

Control _ 0.1 0.5 1.0
Dose of Re-188 (mCi)

3 30. Cytogram of Annexin V binding vs. Propidium iodide uptake of
MCF7(p53 wt) and MCF7(p53 mt)

(T}) F-18-FLT (2'-"®Fluoro-2’-deoxythymidine)d] A#|& W2 J7}

Thymidine -§-EA|Ql F-18-FLTE o|&3}o] p53 -f-Rof w2 AEFolA A T4
A4 ANz A% thynidine WV L Wrlstmat starh WA 2al 1847 Aol %2
o] MREE 1.0 x 10°/mé7}® 24 well culture plateo] HF3te] wjgslgler, Re-188
EQUAE 1, 4, 247 He T Yapd erE oA F-18-FLTE 370kBg H7H5taL
6027+ wjarstalth. ztzhel Alzitiol 2 welld] MEE $¥stal, 1X PBS Inl& ¥3l
e F 1200 rpnolA] 587 9AE stk 4S9 AASkAL PRSE THA ¥ M
wash 3t ¥ v-counter& o|-&38le] &3I4t} Re-188 T UL A2 % thymidine &
=AQl F-18-FLT M2 &g viag 23 $A44 Hel 1Az 44 F &2 ZA}
Maro] Z71te] uwhet ozt zrasteon, wit mt HEF Alolo]Ae] et Aol
Bolx] oot EedA A 24417t T ZadFo] FUige] uwheh FLT A3 &2 &
A3stTh MCF7(ps3 wt) ME2e] ZAS tjzo] Hl3] S99 2A F 2APIFO]
zZ7lsid ke u]5:g FLT 288 vehjglen, MCF7(p53 mt) MEF8 Z-¢ ZAR
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o] Z7I%tel whel FLT H3&= FdE Zasle= 2E& BAFAUTt. 0.5mCi 0]
Re-188-& 24A}1 7t A 2|34 & -9 MCF7(p53 mt) A|XEFofA MCF7(p53 wt) AM|XEFo] H]
3] 1.2vf Za3te] Rt xto]E uEehAgITh F-18-FLT A3 &2 MXZ BEEY vl
g G HoFAdoi( Iy 31).

X

a) t hr

uptake (%)
uptake (%}

p53 wt

0 0.2 G4 0.6 0.8 1 1.2 4] 0.2 0.4 0.6 0.8 1 1.2
Dose of Re-188{mCi} Dose of Re-188(mCi}

c) 24 hr
120
100
80
60 b

uptake (%)

40
20

ok -
0 02z 0.4 0.8 0.8 1 1.2
Dose of Re—188(mCi)

2% 31. Time dependency of FLT uptakes in MCF7(p53 wt) and MCF7(p53 mt)

by B-irradiation.

(2}) F-18-FET(0-2'-'®Fluoro-ethyl ~tyrosin)¢] A2]& w3} B}

oful it thAl H=HQl F-18-FETE o83t p53 f-Fof whE MEFoM YA F
94 He AT ojmlat TIAIE BolStA stk WA 2A 18412 Hol 242
2] MIEZE 1.0 x 10°/me7% 24 well culture plateo]] FE8}o] vjer3ty oo, Re-188
SHAYAE 1, 4, U A F YAy JFE o2 F-18-FETE 370KBq H7I3tal
6037t BlokstelTh. Re-188 SHIUAS ZAY ¥ FET 3L uny A7} 2AHD
o] Z71%te) ulel FET A3 &% Z7IStAc 1AZ, 4X7F B34 ZA F FET A3
&2 ZAMAFRO] FU13tel wiel 7 Flshe S-S Roon, 2447 YL
ZA} Folle AR F713el wel A Fr7iEE 43S Bgdout, MCF7(ps3
mt) MEZFI} MCF7 (p53 wt)AMEF Alojojlae {23t Xto]& Holx] QIgttH ¥
32). MZEEES] ZAelAM(27 29) Zzte] A EF7} Re-188 T WU&of tis] 1z
=7t tiEths 2A& 73t FET A43& ZAAE A Adoldle AR 48 HUS
of AEY H2&E BASIY A4S uasidrh Re-188 UL ZAL ¥ 147
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12l Ak gl F7hgtel whel FET 4431&ol $7)std.om, MCF7 (p53 wi)A]
EFof w3l MCF7(p53 mt)MEFolA ¢ &2 FET J#&& Ho FAUTHIHE 33-a,
b). 24A1 ZA} ¥ AA&S ZAT| F7iRbol met Hods) FAsIA oW, el
AT Afolo A Felgh xolg Mol UgrHY 33 o).

o} 0.1 0.5 1 0 0.1 0.5 1
Dose of Re-188(mCi) Dese of Re—188(mCi)

c) 24 hr

0 0.1 0.5 1
Dose of Re~188(mCi)

33 32. Time dependency of FET uptakes in MCF7(p53 wt) and MCF7(p53 mt)
by B-irradiation.
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b) 4hr

a) lhr

.

{180 [BAIAINS/

[m)

%

192 [PAINNS /QI1%

Dose of Re~188 {mCi)

i}

mC

Dose of Re-188 (

f

)

(mC

Dose of Re-188

iation,

irrad

11s after B

ime dependency of FET uptakes in live ce

a2 33T
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(u}) F-18-FDG (2'-'®Fluoro-deoxyglucose)®] 3] wH3}E 7}
Glucose thA} H-XA¢l F-18-FDG & o]&3}o] p53 -{F-F-o whE MEFolA YA
Z994 e AFE glucose thALE BF7Istarxl stch WAk Rt 18412 Heojl 242
2] HIEE 1.0 x 10°/m7|% 24 well culture plateo]] ZAE3to] vjokslelon, Re-188
ZeAE 1, 4, 24X ZF A T ulapg oo 0¥ F-18-FDGE 370KBq F71stal
6057t nferstath. Re-1888 X e|gt ¥ FDG M2 && v|a3t A} MCF7(p53 mt)AlXE
Z 7} MCF7(p53 wt) M Fof H|3] &2 FIG 428 Uehiiglen, 1A7h 447 AL
¥ FIG A& FApdgo] ZFuldsE FUistden, MCF7(p53 mt)A|EFT7}
MCF7(p53 wt) M| Fof Hlsl 1-1.58] &2 H3&& YUeliddch 24A7 5484 AL
F ZAAR] FMEE S A SUtE s YAE K3 em, MCF7(p53 mt)
M| ZF7F MCF7(p53 wt) M| o]l u|3] FDC 2| &o] 2u] o] o= [o3tA F7HEE
S HojFrH Iy 34). ZZte] HEF7} Re-188 B¢l 4o thsl MIZET} tlETis
ZHersto] FOG 413 &2 AZE AA Aolgles AE & HUsty A2 M3
#atstel 23S nwlastelnh AolglsE AXW FIC A3 88 vl23t Axjelr] A
ol FIG A2 &S Zhe QAE Hol Rgt) 1X]7H 4A7F B9 4 RAF F FIG
Zabd ko] F71te]l uhel MCF7(pb3 mt)HIEZFoA F7Mehe Y& B
o, 24A17F B9l¥AL AL ¥ FDIC A& A o] Ut wiel HaAd %7}6}
gom, MCF7(p53 wt)A|Z7of Bls| MCF7(p53 mt)Al oM 26} o]xte] f-2l¥k F
Z718 Ro3gri(adl 35). Re-188 T HUA AE F MCF7(pb3 mt) ]E«’MW
glucose ThALZ} R-2]8HA] F7HE A28 Ealstadeh.
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£} 4 hr

Dose of Re—188(mCi)

)

i

\

-

)

(

188

Dose of Re—

MCF7(p53 wt) and MCF7(p53 mt)

in

..46_

R

&8

S

Dose of Re—188(mC

a) 1 hr

ime dependency of FDG uptakes

T
d

% 34,
by B

iation

irra



b} 4 hr

a) 1 hr

i

@53 v

{

o

(80 [EAIAINS /1] %

05

01

Dose of Fe-184n()

)

i

8

Dose of Re—1

/A1%

o

01

Dose o

)

f Re-183(nCi

ive cells after B-irradiation

1

in

dependency of FDG uptakes i

. Time

35

o
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L9k, S B SYLAZAA 1131, Re-188 5 S4lUko] Whgshe Huxt g
- RFPY A7 4RUET A7 A3 YA G olf

2 tjae® d3st AYEA] o gl o] F
£33 AEAZIL Yohste] FEI 77 S ojo A7 A
3 A7 A7t E&2Hs 9 ZoE ALY o]
P HZFol A2 ATt FES] ABH o] Fo
A2 oA Agste ol ALFHoln, 1xpdxE AA%IL
7 RE ZAgsted ot 2003 10813 o A ofF 2004
23] B2 Aejoin 20049 &3] AALE
g AlEE A4S AG 15 A&

o,
<
£
{4
3

©® 1-131 F9d4 Aejof vhzt AFAIE AABHA] o7t o] F

HERI Y E A T d 4y GAETo tigt 3k wElde FelFed EEel AT
RO E Re-1880A4 W&H weldo|L} I-1310]4 W&EH HERILZ oUR]Y] A 25
of xtoli= x|t HojlA W& HAztehs Holat FUY. Re-188 2 Al o
gt dAEF HEHZARYSE Hilsle Ayt AL AEse ARl 360kev Zubd
2] W&ol HYANA A o] He FHEY ARE HALEHOE AFY o7t
QUTIAL ALEE]o] Re-1880] iyt A4S A3t S,

@ UZ /AR 71 U antisense ODN

Hhxlbd o] Zato] WES3le WZ-FARE2] 7]& I antisense ODNE] FZ] W o]-&2 DNA
chipg& o83t M¥ojr FFFHos WAFIT I mechanismo] FEo] 7Hsdt AFo
4388 5+ JEE Yo e YUNEE FET JEHESE sk Aol 1 YA 4
FU-EY. UERAR s1-e 2T AR 2 ABeA TRIlE Hi Y
A7e AP £ ¢lgden o|REe RFP HAE FAXIWH reporter system?] 7i
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7}, A kel 1-131, Re-188 T4 4 Az Z2EF /Y

Adzre]l WEPEE WA BoYU4AE Al #I%te]  In-vitro radiation

dosimetryS EGS4E ©]L3} Monte Carlo simulation W& o83l WA S

sbetedTh. WAtk Hto] glojA 712l ZAE tiste] thiel Uehisich

Geometrical model : 24 well culture plate, 1ml of culture medium

ajo¥ 872 FALe Azly HelE A4 inner/outer diameter”} 16.15/17.85 mmojr
Fol&= 4.88 mmQl RS2 3FITH

HE wjddols gt 2A WA Fd4TE EF=H gloh

AX7E BA e WA Ry BEgo s MAFE AT

1

i

- HXE= FAUSIA culture plated] vleto] EXEEo] glem confluency¥t Aol
glct,
- A 2|gr WA ERE 447 Sot ZAME AP Y] Ao g APEE g
Internal diameter Internal height )
cell cultureware type Medium Volume(mi)
(mm) (mm)

100mm dish 84.77 25 10

6 well plate 34.88 47 3

24 wel| plate 15.8 7.43 1

LE3t] el B e

A 2

4l 'rr’ﬂxl'g Atz stk X84 WA FHdL WS FoF FAA] o
8} RT-PCR (Reverse Transcription - Polymerase Chain Reaction #4& =¥3}o]
Microarray®} Z+- 2u] o]d2] WHZE71E Kol fHxE stz st
WY 59191490 Re-188 A stA] 9k RAAt] tidt MicroarrayE AMAlst F
BENANE uago g A28 HAE Bedlo] gk fAAE Frsia 24
stz stgny. HIAA EogA ¥EE SARE MubdE HUIHOREAM AMFEZ
aHEEY] xolE FHstaxal syt HEFH o AEE fAAE: A WA FEHR
(gene bank accession no)& HE7lsle] HEdt §AHAY 7S FHIRA stHLH,
I SARE A B9E4 A E Al Bl AHEE £ e AE B AT
F A2} Antisense -ODN AR 7|&S ZAESI A} 314c).



(1).Microarray 24

AHE AEFL Y 0 F M EFQ MCF-7& AH&-3aitt

WXl ZAb: Monte Carlo EGS4 Methodol]l 23 24 well culture plateolA A3
ufored ImlQl Atefolld 4x]7t ZA} wjoFA] 1mCi/ml, 2mCi/ml, 5mCi/ml®] A%
X7} e E Re-1882 24 well culture plate BjFe¥ol] A Fojdto] 4x|7t
gt F 2L sfgy 1nlE 33 AH3 AHTL HMEZE AFPF st 0, 4,
8, 16, 24 A|Zt7}A] wjoFstaic.

188Re> 188W / 188Re generator(0Oak Ridge National Laboratory, Oak Ridge,
N, U.S.A)EHE E&(elution)dte] Fusta wgYo = IAMste] Ysle A
o] HEE 3 F wjoddo] Y Fstgrt. 188ReclH WEEH= 155Kevd] v-
UL A U 2% oUE E Aol FRE FA womE, vid
g3 Gue BAsen,

Total RNAY] £&|: Total RNAY] el AFESE Triazol™(Life Technology,
Inc: Gaithersburg, MD, USA)S o]&3lat}. MCF-7oA &3t & RNAoJA mRNA

E EHeslgen, Laa¥A u]=(oligotex bead) (Qiagen Co.; Santa
Clarita, CA, USA)E o]-&3}4grl.
Microarray +4: Microarray ==A& 3 A &, b, =243

(hybridization), MH& wA=Z Aystych 2519 R TPES ]85
gpflal (labeling)& Al3slgch. ¥kg EFEL FA4HS 2 pl dNTP/Zgloln Z
3 H2E 2 pl vlEhd ofRFT RNA, 204 (X pl) ERNA EE oRNA, 13-X gl
RNase-free water® A E gt whg EFEL 65TolAM 1027 25THA 5%
b At F 4 pul Aopd 3-dUTP & 2 pl Alopd 5-dUTPE #Hulstgct 2
I 42ColA 3EZ AHelgt F 2.5 pl 10X ¥RE EHE H4FLAE Y3 ES]
drt. 2 pl AMV RT/RNase HAIAIE Wil 42ToA 60 £t uvjargt F tir] 4T
o4 1087 wbx|steict. 2.5 ple] 0.5M EDTAS Yol ¥H& ZuhA7la 2.5ul
o] IN NaOHE Pol 7M-EslE Alzsigith. 65ColA 3087, 4Told 58z w)
st wladset 6.2 pl8] 1 M Tris HCl(pH 7.5)8 ol F3AZch &
o2 cDNAE &4=31A Eesly] sl A% HPB(spin column, MilliporeAl;
Bedford, MA)S o] &3}9ith cDNAL Cy-5 (B&4)8h Cy-3 (X=2H)2 shdas)
o WHRZEE vla3tydct |
- MicroarrayA7fYd W oole] EA: NEN MICROMAX cDNA MicroarrayZE o]-£3t3lil
NEN ] s)o]z] (www.nen com)& Za3lgrt, EFQLHME o|n|x|(Fluorescent

image)7} ¥-SF Microarray:= PIX 4000 Microarray 27§14 (Axon Instruments)
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(2). RT-PCR 4

WAPA O] =FER] ¢ tixFe vlE] 2u)] o]4 wWHo] FUiste FHAES UL
2 b A E 433t

BIALY ZALEe] & RNAE Eel3t T 1.254g2 & RNAS AlR3lo] oA XH(reverse
transcription)& ¢33t 1.25 wg(Xl) & RNA, 17-X £ RNase-free waterE RNA
& FHT F 65TAA 527 A7 the, 3§ E¥RES YL ITTAAA N F
ot cDNAE A3, THA] 95TCollA 587 o A AL&E A (Reverse Transcriptase)& &
243 ZIch IS EHREL] A2 2.5 4 10X BFE, 2.5 4L INTP EYHE(5 oM
Z4z}), 1.25 pb &5l dT Zeto]m (500 pg/me), 1.25 b SAALEA(4 U/id), 0.5 42
RNasin(40 U/ut) o2 3= et o|gA 44H cDNAE AM&3te] PCRE 43 stglict
Z}7te] ZelolM &2 ZtZte] QA fdxle] Uut=F Ao, BF 58T ofd
B 2EE =S AU 27 2 9] cDNAE AHE3tea, WHEEHUEE ¥ 9
5TColA 5% &< WH/d(denaturation)A]Zl F, 95C 12(*HA), 58T 1E(€H), 7
2T 18(FY)22 30 Cycled] PCRE 433 F thi] 72ToA 62 ¢ FY
(polymerization)& 33ttt WNSETHEY T2 2 £ 10X €38, 2.5 £
dNTP E31&E(2.5 mM Z}Z}), 1 w8 Au3¥(forward) Eglo|m, 1 b W3 (reward) =
gto], 0.1 £ Tag DNA Eg|2}A] (TaKaRa 5 U/l), 11.4 i SF 55 FTAAEAC)

(3) WAM FHU€A SRR A ol UZH {HAY G43 EEE 2AE
Microarray 42 23t AoA A ZEH 14K cDNA mlo]IAZo{go|E o] &34
31 Fluorescent image?} 3¥§-FH Microarray= PIX 4000 Microarray A7ju (Axon
Instruments)® A dtg 3 oju]x] EMH& Gene PIX programo] &]3] A3t}
HAPAE ZARBHA] b2 M=ol uls) 2u) o]} wWdoe] FIRAU AT {FHAE ¥

H-Sshe FARE 55tz stgoen B {HARY] Microarray 4 Z 2}

ol FAATY B4o] ALHOE AAEolof & AoT giTiEw M EILAL
o} A [FAALY Fpol BA oA FE&8 A4tE H4 Y ZFfoles i3 =

3 Az 7€ AE Fol deod, 5F HAV ANEHA Y=
1&g 9l Antisense-ODN2] AL AlA|5}o
)J-§-+ 3 (o}

T %
33 & 4 dle 7Y ol /AiE Rolth
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T} Subel MZolA] Re-188 WAl 5914 vk
(1) f4s HIEMIH Re-188 F9l¢4 Al AF AT AEE U AZIAAE vlaL
Surol AEF MCF7o A A13k(0.1nCi)3 A2 (1nCi)e] WA SHd4L A F
BjoF AjZbell whel ME QAEEE ZARE A} UADH B 2 xelE #
stgom, Annexin V @MF H|&-E& HA3 Ao 24X ol 71 & zlolE

[t ﬁi

—4— control
4 ~—0.1mG
o = 4
s A
510 -
> ®©
5 8
.g § 6t
(]
= At
>4
27 B
0 L 1 i | O i L L !
0 4 24 48 0 4 24 48
Incubation Time after 4hr B-irradiation

% 36. Evaluation of cell viability and apoptosis fraction in MCF7 .

(2) 8¢ MEFolA Re-188 T UL WHS %%ix} =4(1)

fubol A2 MCF70ll 0.1nCi2] Re-188 H9UAE 4A]ZH Ae|gt F 24A] 7 vl 7
7ol 14,000708] [F-A=} FollA 7774 vrxiz}ﬂ 2uf ol FUt wEEHolen, 78
AN FAAL7E 28 o4 7ha wE Hadch |

fureh MEF MCF7o]l 1nCie] Re-188 T UAE 4A17 He|gt F 24417 wfet 3 3
Qo= 14,0007 FA=} FolA 82708 |AA7L 2u) o] FUt WEBE UEUgL
o, 817§ RARII} 28} o] 4 wWE =HArt

ANzt 2] Re-188 A @] 2] ZzolA 2u) o]4 Xo]E Holk FAAE FolA
E tholA 2u] o] ZIHE xjolE Kol 1719 Rz} 28) o] AW AolE B
ol 28712 §AxE A 3tg o, Hyaluronidase, WASF2, superkiller viralicidic
activity 2, alpha-1,4-N-acetylglucosaminyltransferase, ATP-binding cassette,
acyl-Coenzyme A dehydrogenas, histone deacetylase 2, nuclear zinc finger protein

Np95, methyl-CpG binding domain protein 3, ubinuclein 1, NADH dehydrogenase,
lumican F-¢] FAAEo] #HHACL
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~

VY HEFoA Re-188 F9 4 ¥hg FHA £4(2)

A ZEF MCF70l 0.1mCi 2] Re-188 T U AE 4417 Haqt F 244 wiY &
14,00071 2] A=} Foll A 336712] -R-Exl7} 28) o] UEH Xol& Uehidd
¥ 74 WEHATL 3 FolM 9871 $AxKE 100) ol e WS T
Yt A MCF70ll 1mCi®] Re-188 Z I UAE 4417 At F 24X v & 3
o= 14,000788] R-AAL FollA 321708 |HXI7} 2uf o] WEH XolE Ul L
o, 1748 FAAE A v BF 74 dEE Aok 2 FolA 287) {82
108 o]} 4 dHEE gl

At 3072 Re-188 A 2| Al ZtZpolA 2u) o] AolE Hole FAAE FolA
= ClojjA 28] oA} xjo]lE Hol:x= 1427§8] {AxE A¥H3l4g 2, hexosaminidase
B(beta polypeptide), BCL2-interacting killer(apoptosis-inducing), apolipoprotein

Oﬂ

l'ﬂ rlr U?~ :10

i P T

Jo do o oM

E (APOE), mitogen-activated protein kinase kinase kinase 8(MAP3K8), adenine
nucleotide translocator, insulin-like growth factor binding protein 2(IGFBP2),
p58, mitogen-activated protein kinase 12 (MAPK12), ubiquitin conjugating enzyme
6, tumor necrosis factor receptor superfamily, Ras-GTPase-activating protein
SH3-domain-binding protein, cell death regulator 52} S x}Eo] WEE gt

2. 4=/ E8Ie MY

Re-188 £9]914 WIS QAx} BEMS 232 L}TO-] B8t A3 13 BEMos
vlol M3 MCF70] 0.1mCi2] Re-188 S UAE 4A17 Ae|gt F 247 wjF
o= 14,000702] R} FolA 7774 %zixm 2u) o] A} 27} wHEgon, 78
A7t 2nf of4 A wE =Hgch Y AIEZF MCF7o] 1nCi2] Re-188 F%]
AN ZE Ae|gt T 24417k wfer 3 Aol 14,000700] FEAL FollA 82742
217k 2u) ol Z7t & vehlge o, 81718 /AA 28] ol T4 UH

0.

Modo e X oY Ho
3 i B 1o o
i 4o

S

ol A Futel M EF MCF76] 0.1mCi2] Re-188 T UAE 4AI3t A F
o= 14,000708] FA=A} FolA 336712 |27} 28] o4 HE
F Za dEEgoh. 2 FolA 987 fdzke 109 o] 3

2!

Web MEF MCF7o] InCi2] Re-188 91928 4417 AH2E ¥ 2447 wiar & 7
4,00070] Rt FollM 321708 {FAA7} 28] o] UH zlol& Ushigle
o] RAXE AT UrE 2F 22 wdHgrh I FolA 2874 fAAe
b zha s Yok
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12} Mol AAdgFat 2] Re-188 A ] Al ZtZollA 2u) oj4 xfol&E Hol= #
HALE FolA & tholA 28] o] F7HH Xpol§ Kol= 1708 Rt} 2u) ol &
AH  xjo]lE& Bol:= 28718 HAxIE  Ad3lgen|, Hyaluronidase, WASF2,
superkiller viralicidic activity 2, alpha-1,4-N-acetylglucosaminyl- transferase,
ATP-binding cassette, acyl-Coenzyme A dehydrogenas, histone deacetylase 2,
nuclear zinc finger protein Np35, methyl-CpG binding domain protein 3,
ubinuclein 1, NADH dehydrogenase, lumican %8| -§-Ax}5o] AT ¢},

22HEA ol & A%t 241352 Re-188 A e Al ZztolA 2uf o] Alo]& Hole
FAALE FolAd & tiold 28] o] xfo]& ol 142708 FHAE AHsigen,
hexosaminidase B(beta polypeptide), BCL2-interacting killer(apoptosis-inducing),
apolipoprotein E (APOE), mitogen-activated protein kinase kinase kinase
8(MAP3K8), adenine nucleotide translocator, insulin-like growth factor binding
protein 2(IGFBP2), p58, mitogen-activated protein kinase 12 (MAPK12), ubiquitin
cbnjugating enzyme 6, tumor necrosis factor receptor  superfamily,

Ras-GTPase-activating protein SH3-domain-binding protein, cell death regulator
58 RSl BRI

HEPYE WA Tl o] BhgdlE olgdt uF FARE FoA EE FHAE o]
23 4 gl Zo] ollsel Ex¥eltAel uho g Wty S E4-71F /*]
2818 st 4 9l {49} Antisense oligonucleotide(ODN)E A R3dlo] U3
B7Hg e KAAE IA o€ 4$2E {AAY dfEL AXE Azl 5‘1]74]
of #HY 2FAdY EZoln, ol EZL folAM AFFT E4L-71F 2"
Antisense-ODNE ©]-£3}7] o] &l E&ojtl. 1 o[f+ dntF oz FAAd M2t
AEZE Fosty] ofee &Hol glon Frlgos W] FISIAY A S
o= EF3la HPHes HEH 4 9 FEY WAL ZA] JEI
Antisense-O0DNE 3 3}7] olel& H54& /M ZLoE d8A glch

YZH FARFA ¢lolA AFF AARE o8& 4 Qe A3ZAY £ F
3} BCL2-interacting killer(apoptosis-inducing) T & 2 o] FAx}e] 7o
= XZAl0] FoARL A AT FoF] XNEE Wt 7[FE A A
° 8 RIEo0] git} Bel-28] WH-2 7R oA 1 UHL FIP7t HilEof
glom, 3¢ HLQME & NER Wio] /1™ thiAE oA drt. ol
gt 713& 01'8"5}0‘] el X ZAlo] X mHe] BrPPHOEA FYY Antisense-ODN

s
BO

_2_,

- 54 -



o] M3 E WISt FRMRLY AMNAIE Antisense-0DNY] M3 &9 Ta EE:
of wetd HEA7F SEIA] 2PA] YIRS BIY 4 Y WHOE Yike) F
g3to] A2 4 QJSAST s"ETh. EgolHs 7] o]2%t Antisense-0DNO)
SHUAE B 7|4e Austo AT Aol Qlom o]E o] &3t FokolA
o NEHIE Brsle 742 A A1RY £ QeAOE Az}, JEY S7AAES
Agstd thgat Bk

Oligonucleotide®& **Tc® H=|5}7] $|s] HSVI-tk oncogene?] AtRE 12-base
single-stranded DNAS] 37 @itlte] NH271E §-%3}o] NHS-MAG2GABASL} ®lElol AZE A]
AT}, AE. A 12-base oligonucleotide® bicarbonate buffer(1M NaCl, 0.25M NaHCO03,
1.0oM EDTA at pH8.3-9.0)% 2.0mg/ml®] 5= 3% -F primary amineZ} phosphate
bakbone A}o]o] secondary complex& Ea|A]|7]7] 3 45CollA 3027t w-g-3st4lct.

3'-CAGTTCGACGGGT-5'

23 37.Sequences of antisense oligonucleotide of HSV1-tk gene

NHS-MAG2GABA(1mg/ml )& dimethylformamideo]] *=of DNAsolutionol] 43¢} MAG2GABA:DNA
8] 2|F Eu|7t 20:10] HA 3t HL2oA 14]2 ¥-&3H3ich v

MAG2GABA®} Z 3} DNAoJ IM tartrate 2048 YL stanous tartrated HAI ZFHTE
10mg/mlE] A o] 548 Po] 587 vtL3l7, 99nTcE & =F 18uCi/nlFHEE Y3 90
~100Col A 107 ¥h-g-3tgi Tt

NH,-oligonucleotide
+

NH H NH H
T ™ I G
O/io N%\rc,{j pH 8.3-9.0/ 1hr / RT O/to ’W\kr ) .
o > | NH- oligonucleotide

.1%!' 38. Scheme of the conjugation of NHS-MAG2 GABA to oligonucleotide
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o]
10min / 90~100°C
° I ) Sn?*,TcO, I .
NH- oligonucleotide . NH- oligonucleotide
L ,

o]

%! 39.Scheme of the labeling of 99mTc to MAG2 GABA- oligonucleotide |

#7149 %(Denaturing 20% polyacrylamide gel) A}0ligonucleotided}
MAG2GABA-oligonucleotides ZH2 9] X|olA] DNA band7} EQ1E 215l X-ray filmo ZH3
A7 MAG2GABA-oligonucleotide”Z} 99mTco] EX|E = AL &y 4 9ot

"1c& FA|¥ MAG2GABA-oligonucleotideE 0,7x20cm gel filtration column P-4
(Sterile 0.25M ammonium acetate, 1,0mM DTPA buffer at pH5.2)ollA] 0.4mé2] 2|3}
dch, o]RL ml FLEHE =3I A oligonucleotide-MAG2GABA-""T,
MAG2GABA-""Tc 3} *"Tce] peakE Ea|d < ¢lgr}.

Sense  oligonucleotide®  microplateo]] IEISle] 99mTc O Z  labeling¥
MAG2GABA-oligonucleotide® Y3l incubation3t ¥ Ztu} 71LE| 2 =g A} [free
IuTcs Y2 Zof vj3] 6-78[B =] & WAsS BAch

300000 g
250000 p

200000

150000

Counts

100000 §

50000 F

0
20 40 60 80 100

3%  40. Radiochromatograms obtained by gel filtration column P-4
analysis of *"Tc- MAG2 GABA- oligonucleotide
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1 €— Oligonucleotide
<= QOligonucleotide-MAG2GABA-®=T¢
B | 4— MAG2GABA-*"Tc

A : PAGE electrophoretogram shows DNA bands stained with ethidium bromide.

B : Radio activity image of PAGE gel.
Lane 1, oligonucleotide ; lane 2, MAG2GABA-oligonucleotide ;
lane 3, MAG2GABA-oligonucleotide-**Tc ; lane 4, MAGZGABA-*"T¢ ; lane 5, ¥*Te

: 18l 41. PAGE Electrophretogram of *™Tc - MAG2 GABA- oligdnuciectidé

reo® ¥AH oligo-MAG2GABAS Buffalo hepatoma AEFQl MCASE o] ALoj
HSV-tk7} AT TK-3 cello] Y3l 158, 602 2|3 1808 ¥ 1 =g Znist
SEE vj2stgdnt In vitro AIX H3APox & MCASE TK-3 cello]A 60&2} 180%
of TK-3 cello] MCART} 28] BE &2 H3E & + AT

cell uptake (%

15min 60min 180min
Tirre

3% 42, Cellular Uptake of 99mTc-HSV1-Tk Antisenseoligonucleotide
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e 2 EAH o0ligo-MAG2GABAZ P4 column®.® E2]3}o] normal Balb/c mice.‘lﬂ

72| A Mol (10pCi/ 14ug-DNA/ 0. 1mé/ ufe|)FApstgct. FAF 1583 602 F= (Z
o 9 4uteE]) A& A&t A4y I FAE FET F ZuFREE A activity
& SR T Wabsd AV YAeAE Z AU W FAY HHE
(percent injected dose/gram, %ID/g)3tS L35t Wity E3X 2] x}o]l&E v|astgdct
FAF 1523 60FolA Aol M7t 7% "ﬁ‘lﬁ—‘l“’] (155 : 26.78 %ID/g, 60%:
17.25%1D/g) whetr Aol 3 widRZE oloch. zhel H37t wdkem (158 :4.65
%1D/g, 60+: 3.77%1D/g)ol= TS AFAHES B9} dX¥& Aot =3I 744
Azt 9le] M7t wob "¢ A] OligonucleotideZ} A} ¥ 1A17F 714] AR TS
& 4 gt

[

HSV-tk7} & Buffalo hepatoma A|XEF¢! TK-3 cellE Buffalo rat®] thighoj F
Apsle] 2271 Avt ¥ ZPnassE Felste] majguo] PTco g FEAH Tc-HSVI-tk
Antisense oligonucleotided FA}3}4ic}.

60 F Znt FHHletE FA4E dol T4 HAXE HA ¥ 4 Uddrh
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X 1. Biodistribution of 99mTc-labeled oligonucleotide in normal Balb/c

mice(%ID/g)
15 min 60 min

Organ Mean S.D. Mean .D.
Blood 3.29 1.16 1.31 0.07

Liver 4.65 1.31 3.77 017

Lung 2.38 0.57 0.84 0.06
Spleen 1.27 0.38 0.93 0.14
Kidney 26.78 17.55 13.25 2.15
Stomach 1.81 0.96 2.04 1.06
Heart 1.42 0.54 0.59 0.02

Skin 2.56 1.10 0.68 0.14
Femur 1.69 0.65 1.11 0.62
Muscle 1.29 0.60 0.36 0.07
Intestine 4.09 3.02 10.11 2.17
Thyroid 0.06 0.04 0.03 0.02
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60 min
40 |
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20 t

oy 43 Biodistribution resuls in normal mice 15min, 60min

postintravenous administration of 99m-Tc labeled oligonucleotide
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%) 44. Gamma Scintigraphic image of *"Tc-HSV1-tk Antisense

oligonucleotide
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3. AZaA & A5 AYHA #¥ radioactive microarray?] 3§

7}. Apoptosis & Signal TransductionMicroarray?] 7iut @ A@ A A&

(1) Apoptosis & Signal Transduction Microarray Membrane?] -7-¢] W -2 &2

njZal B AL Q¥ ed LA Microarray Unit (Chief: Dr. #H¥ ®¥# )2 u]= wd
=2 EEe|Ro] Ax] Johns Hopkins University Bayview Hospital®] Gerontology
Research Center o] ¢]X]3t3 9-&. o]& &L 10 od AR FZ Qo #
#1¥l gene cloning W sequencingd] B ¢ &L & $t=v] 22 3 ufoll Northern
bloto] AF&%]= Nylone membraneof P-33 EX| probese o] 2%} cDNA microarrayE 7j
ahsto] @) mFYRAYL oM 7 g FRF A FIAE FHNE 5+ e
15K (1%} 53 7]) Human cDNA microarray test& 7§ Li?ﬂ'?i*%. rIt O BAEE
A3F35kslo] zZtzh 1,200 ARAAE HAY 4 = "Apoptosis & Signal
Transduction Microarray”, Immunoar‘r‘ay" e8]3 "Neuroarray”& Az, nj2yRZA
QU OB 97 283} 25 47 B 48

2 dF 3F2 4 1 ‘ﬂﬁ]i ol 83 Al Apoptosis & Signal
Transduction Microarray Membraned X33l slTgolE 43 £ 1 TRE 43
3 A 2 ¢AE ZA18 ] Apoptosis & Signal Transduction Microarray Membraneg 7i
ol Be] JheAd Bl d S AES] Razt 3 oA dF3e "eyd FEdA dedt
e} Zto] & microarray system &, 714, -84, U, T Hel oA =
Yol A 7 ¢ T}2 microarray system BT} $d3sict & 4 3. 7R Fel
microarray test®] TI¥gt RF3 A|HS #Agste] B o 2FH, ANE, €% &F
of glojMe] Axt, AR, odFuAHoANe BAFEEH el ddEHE & Te
8] o] AlF3ict & 4 oS

FAA BQ) 2002-20039-& Bdle] B 1AL FoF PET U oL A&
= L._
= ey

aw Fob AW AR QA WY Fe] el Pl AR TAE FAA)

$87 NEAS ALsy] AT ATE SAo] PN Fuhe AL 4TEY o

ASYRE AS LD 3 AAE U AHEE e A5 FUAL.
2 a7 ,:,-% Fo} BATOF ATE ALY o2, AUA AE/ER F4H 9

- %
FuUgol wel Zuje] ARV AR EEe AuUE BESHE
o1 A Microarray Unit (Chief: Dr. A W#H)E 2%l
o= WP EE|Ro] Axz] Johns Hopkins University Bayview Hospital?]
Gerontology Resear‘ch Center o] ¢1x|8t2 9l ojAlPAolA 10 W HJE F
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2 3% oo #HF gene cloning W sequencingo] #3td & ol 233d o
Northern bloto] A}FZE|:= Nylone membranes] P-33 HX| probes® o]&%t cDNA
microarrayE 7lWste] @) n|FHEAY Yold 71 €2 TR/ AT FANE B
Mg 4 9l 15K (1%} 53 7)) Human cDNA microarray test2 7] £33 & So)
st E7S 5}91%% 55?} B d3A3 3de] AHE Radioactive cDNA microarray

0 madE 4ngise 27 1,200 AZSANE AMY & ge
"Cancer Microarray”, ”Immunoarray”, 2|3l “Neuroarray”& A|2}3t A3}, Zt 5009 %
2] membranes& X 5}9-&

test——

%! 45 Cancer Microarray Membrane for Radioactive cDNA Microarray

ot

(2) Microarray w4 AXEo]2] ¢l ul L

A Microarray teste] A|ZtAel Zwold R 90% olAtE =Sl o] &3lel
3t AE EMsla sistsy glanl 20l A3 siMe ¢lg HAsta Ay
ZEYoI 7Nt FRE (= Zo] mi$ F8F Yolet ¥ £ 9. 2000
HA7IA &) v = A& B A XU ol Y =54 &3 Sierra Software
7)Lgt “Gene spring”olgls g aYo] JHA $43lti Hol U o] T2
FU7HAL nlstE of 53 Ho|i 3zhdol A upgradesdA Ui Ho
2| Z3tHA A A ES access coded Wolof dh= I7ke] ZE WY, E3} 1
"Spot fire"ghs 2ol ] Qy|dd FE ZUSHH L£ZE
e do% n$ Fold Zow odEI ¢ $2 TEIPEC] UM
I3E. oldg AU FAE FuUo] gt F4ty A7 microarray 8t
= T4t éEEﬂME A & 4 kA W gE AYY + &
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(3) Apoptosis & Signal Transduction Microarray test®] AXESjo]d E47|& B

Membraneg Imaging Plateol] 3¥ 7t exposex]Zl ¥ FLA-8000 : (Fuji Co.)& o|&3l
[P-33]ol 2l3} ulelt o|n|x] & ¢leisr, olmx|o] LtElY pixel®] [P-3318] AI7IE &
A35}7] $]8) Array Gauge (Fuji Photo Film Co, )& ¥AJ3}lo] raw dataS ¥ ©l

dataS Microsoft Excel (Microsoft)o]A] loglO, Z scores, Z difference, Z ratio&

T3, Z ratiod €22 FAUE wiasiel AP AEA U] Wol 8 &
A2E 3E 4 slol 2ZY oful TEY UM datas} HeWH AN dVES
=395 A tolel = a} =2 NCBL ]

Locuslink{www, ncbi,nlm, nih, gov/LocusLink/ )& ©]-&3}%S: 1) Superimposed image=
color-modified imageZ# Adobe photoshop& ©|-&3}od micr‘oar'r‘ayf'l] AARAQJA E4&
sl ‘“‘“013} g 4 ey =38g wE B URIY AT v HER
JEH FAAE olal Az WA e AL 77 2T 4 dE ol A Aol
Hj3te Zthdd H fAAE o, F URxRIl B] stod AFFolA by H FAA}
By, ugstA 2Ed 82k 234, Jea AU /e 542F
A A FAAE B3 QubE wE oAtz A EWMOo R Bol: primary imaged] &
DEN ZAE AFYAsle] FE= AR BA AMEE S 2) Scatter plotse= $lolA4 o]
S| A|3F ¥} ¢l%=o| microarray ZAz}e] Aak3t AMEQl radiocactivity Ey Z-valueE 7
A3 NECE AP 2 )22 Z-valuedt g 12l plot ¢ 3) Clustergram

A3t FAAE cUEE AT F, A AEFELY HolAE Ee JHOR HI
3 BWUHOT microarray?] AIHEA wWHog uyepgew wdZst 143, u¥z
1/3, J22l3 w33l 24 1/3 508 B3} Red, Green, Gray color® X A|3}t
AA FAAE G oA FAA UF HIE ] 1o FFY 4 4
Aol eldg. B FAAE zt AP vl YBFFE Hole= A7

o] 7] o wAUES Ao eIt FE A

-

A

;ﬂu fr P% N

(4) &2t =3 9 Y AR FF AA HY

2 d3aAel s 2 53 9 shue dte] 2F & olE7t Human cDNA
Microarray Systemo]eh=tl 9l&. A 78 F240AM & viE uF o
o33} Elo]gl= Microarray systemo|l} ZujollA s ®E BE % Microarray
system Glass with fluorescent probes& ©]-&3% RO g UAZAL -$-&A] Membrane
with P-33 probesE o|-&gt whdo] u|slo] W2 o] total RNA FAHE HALE 3laL
7tZ o] 108) ojAtul%t whEo] gl TR wdM RN FET RNAS} ol A
gto] ¢l A= RHSIAoU A ¢z} Zo] IFH AREFH £F ZAY
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F-Zlo] Jjutsle &= Membrane with P-33 probes& o]-&3%} Microarray testi= 4A8Fe]
total RNAR = &40 7Hs3tal thad AAR = 7HF o)A Fiho] FHthe FAMY &
B8E AU ATt € $= L. FAF HLoEA A 1 @A IAEEY Yo
et AAste] Rt Bake] RAS A Felo AR 9 E WEste 7 FA
o] probe labeling wiz}z] HAstA H{, At AHEE ¢ Ad=F FxHe
(Quality control)E& 3}3l A 2 ©EAIE radiolabeling?] E& L &Hol= W&
LZ2H ofF ZPHEE 2 APE, 3 Adr dFo oM infrastructured
32 &

Y #FAxlol A FEE RNA (FAHE, WEL)E o] &3 AHA F &
Dt YEY (TdEd, TEEY, abE) W o xpE ARt Ujdst
Fed AU 1088 U Bt FARF, FARA, WEITE AL,
F-2]3}tod Radioactive cDNA microarray & A]3J3. RNAEE|&= 2
Y 25E A8AA A&l gl protocolol] whel RNA Extraction
B 3t A3}, 2] AP A 7= T}E animal cell®] RNA extractionol 2
9l Qiagen Kit2] Blood cell® KitZ A3+ Ao H|sld 2E80 Haucirt
proteincontaminationo] L& £& uhdog ulgiEle] o]F Alde] AHLF
Radioactive cDNA microarray A& $3% A3} ¥-1, 2¢ 22 Hop ¢ 4 4
& Kol FR fAx && YIS, ¥3 superimposed J|&E 13-29} T

olulx| & UG, olF clustering® 48ste] 13-32} L clustergrang U4
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eEE S Bl BEE 1A} ES. € dRES o T Eor JdFE ASHHL
2 3 AE7IER EE] oy, Y U d7ugo met Sy AETHE £
Bt AREE TSI AluLhE st ol B&IA st 53| njF WEA=
F HE|REo] 43| Johns Hopkins University Bayview Hospital?] Gerontology
Research Center o} $]X|3t3 9=, n|ZHPRAY ¥ dFT A Microarray Unit
(Chief: Dr. AW WH)E Gt 10 od AFEH FZ2 30T =go]| AJH
gene cloning W sequencingd]] 3t 45 W 2 4 Vol Northern blotof] AIEE &=
Nylone membraneo)] P-33 ¥ 32| probes& o©]83%t cDNA microarrayS 7|Uste] &z n]Z
HRZAL oA 1% wWE S/ U {FAANE ZAY 4 A= 15K (17 537))
Human cDNA microarray testE 7|4 $ 83t L5 tste] EZAE g, T &
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“Immunoarray”, 18]35l “Neuroarray”& A|2}3t Z}, Z} 500 #F2] membranes& T H.&}

of.o.
A .

- 66 -



Ibiguitin-coniwatinmenz MEZI (RK‘J Ghomolog)
TYROS THE - PROTE TRE R EMECEP TURE
Cacd2-interactingorobeind rcnn
STENAL TRANSOUCERANDAC T VAT IADE YRANSCRE PTION 2 - AL EHR/BEYR
05 - SnrecurosornilA comlotecds

Cveiis d kinage T{ sl 15cdk-activatirgkirase)
ESTs !mderatelvs‘m] artonyoteinkinaseCly
Hewrob! ral {¥-ras

ims)tcl.& 3.4-trisshozohated/-Xinasendtih comletecds
TATZ box binding wrotein {TBP:-associated factor. RNA wnlvmerase II. J, 20kD
MDR

{ABCBT: RATP-bindina cassette, sub-famdly B (MDR/TRP), mesher ;l)
Tec protein tyregine kinaze

45. RAS} AA%] =32l A€ A] up-regulationXE] &= gene%

control

CHUF kL
Fitronectin
EST:

S, Mnderatnlg' similar to FreBI gamma-chair iRteracting proteir SH2-B [R.norvegicus]
endbthzl

ysuburs 2 typeX

mioi,ruln regeutor 1
ESTx Hioht veimi (ar toPOSSELEGR AR, - Y4]
nmn.nnks

dated broteix kimase p3¢ (GTA); cell division cycle 2-1ike I (€DCLY; QK
ﬂuth'." Ivmohoma receotor 1. f‘{P-)ﬂmlilﬁ wroteis

inteﬂrmn 9 recentor

Down gvndrams candid&?.z rewion 1

interferon-: 1ndw:ed weetein 56

netavel - IRRNA N

Hexpkinasel

HEDS1 (S. cerevisiasl Romeloa

nuclear recemtor subizwily 3. arows C. member 2
rdtoosn induced auclear oyvhan recentor (MINUR) yiRRR: tal myxoid, fwsed to
Burkitt lvmohoms receetor L, GYP-binding protein; m«m

Mongkine induced v samea interferon

Homan suuamous ceil carcinama nf ssovhamus :Rll’l for GRB-? SH? dcmair protein, complets cde
GRTR-hindi 1 (ol ob:
dgiutathiose 2 i inaly
inteorin, bata 1 ¢ ; beta pol) ides, antigen <029 includes MDF?, MSK12)
vascular cell adkesion mlemﬂz 1
1a) -3ike 1 facior MPH-3 {iffH-4) sRHR
ESTs

matS {E. onii} huswles 2 (colop cawcer. Xoapolyposiz tves I
Bruton scanmeciobulinesis tyrosine kiasse
urowth hormone rscentor

13 47. RAS} AAS] Z§Fe] A e Al down-regulation¥E & gene%

_67 -



P-32 P-33

c
e
& "
: L
i A
% &
& o
G 2 s
g * [
4 ¥
# -
i L3 He ) »
E * ¥ .
# k. - :t,?.
oM v e
it B R
£ £
i -
¢ :
. +
i : - "
< 1 . s .
% A w8 e g
= e
b i
. PO
k= o
b e
£ % . @ o - b
s i v . o ‘.
L - B i E
& o e

% 48, Radioactive Probes?] u]=z(1)

I-125 P-33

2% 49 Radioactive Probes?] H]:L(2)

_68_



N

LS AEeA WERIEEANA 2T S8AT 434 BARH A

ket Baiol A FE3 RNA(YAIE, WEF)E o83 microarrayE F33t7] 213}
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