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Antigene Radiotherapy Using 'In-labeled Triplex-Forming Oligonucleotide Targeting Human

N-myc Gene

B =2 Wp-labeled TFOS %A < human N-myc genedl Al in vivo$} in vitrool A cellular uptake
9} nuclear localization® ¥ polypurine-polypyrimidine stretch (2950-2978)& A €lsto] A3t}

HAAAEET I AEES TFOS A 2447 ¥+ T TFO A cellular uptake?] injected dose (% ID)
£ 20-54.8%°] 1L cell lines®l 412 nuclear localizatione 6.59-30.0% IDo]t}. &t cellular uptake:= human
neuroblastoma SK-N-DZ (54.8% ID), human mammary ductal carcinoma T47-D (54% ID), human acute
T cell leukemia Jurkat (54% ID), Z1¥]3 multidrug-resistant human breast adenocarcinoma MCF7/TH
(495% ID)olt}. F 24 cellular uptake™ human normal mammary epithelium MCF10A (20.0% ID)e] 1t}
4 nuclear localization MCF7/TH (30% ID) and SK-N-DZ (28.7% ID)°]x # 4+ MCF10A (6.59% ID)
oAt S22 human mammary tumor-xenografted Balb/c nude miceo] TFOE F93t9th In vivool
2 TFO®2] Tumor ¥ 742 tumor models®] 3 3ol AWFAL 5A1ZF o] MCF7/TH (21.0£3.23% ID/g),
MCF7 ( 7.77 £2.11% ID/g), MCF10A (453 +1.20% ID/g)¢] &t peak”} WEFSTE FASHA] 15873 2 &
oA TFO+ 800 +0.90% ID/golA L 1941 A3 3 1.30 +0.30% ID/golAtt. Ao A= 158 F 593
+0.94% ID/gol A wW2A] S718Fe] 19413 Fol&= 251+ 560% ID/gelth. Fkell A= TFO9 levelo] FA}
FO19AAA wA (197-245% ID/g) HAHAT. @A $@d7h AAEE A MIn-labeled
N-myc-targeting TFO¥ nanoexplosive gene therapy°ld A% i, in  vivogl in  vtrool A
multidrug-resistant breast carcinoma MCF7/TH9] 3L tji o=z & uw] &8 4o]et= Zo|t}.

Abstract
In this study, by selecting the polypurine-polypyrimidine stretch (2950-2978) in the human N-myc gene
as a target, the W Jabeled TFO targeting human N-myc gene (N—mycTFOmIn) was tested for its
cellular uptake and nuclear localization in vitro and in vivo. The total cellular uptake of TFO after the
incubation of various normal and cancer cells with TFO for 24 h was 20-54.8% of the injected dose (%
ID), and the nuclear localization was 6.59-30.0% ID, depending on cell lines. The highest cellular uptake
was found in the human neuroblastoma SK-N-DZ (54.8% ID), human mammary ductal carcinoma T47-D
(54% 1ID), human acute T cell leukemia Jurkat (54% ID), and multidrug-resistant human breast
adenocarcinoma MCF7/TH (49.5% ID). The lowest was in the human normal mammary epithelium
MCF10A (20.0% ID). The highest nuclear localization was found in MCF7/TH (30% ID) and SK-N-DZ
(28.7% ID). The lowest was in MCFI10A (6.59% ID). We next injected TFO into human mammary



tumor-xenografted Balb/c nude mice. Tumor targeting of TFO in vivo reached its maximum peak 5 h
after the intravenous injection in three types of tumor models. They are 21.0+3.23% ID per gram of
tissue (% ID/g) for MCF7/TH, 7.77 +2.11% ID/g for MCF7, and 453 +1.20% ID/g for MCF10A. The
TFO blood level decreased from 8.00 +0.90% ID/g 15min after the injection, to 1.30 +0.30% ID/g after 19
h. The kidney TFO level increased rapidly from 5.93 +0.94% ID/g after 15min, to 25.1+ 5.60% ID/g after
19 h. A high TFO level (19.7-245% ID/g) in the lever was maintained until 19 h after the injection.
Therefore, we suggest that the Wi -labeled N-myc-targeting TFO, a promising modality for
nanoexplosive gene therapy, could effectively target the nucleus of the multidrug-resistant breast

carcinoma MCF7/TH in vitro and in vivo.

1. A&

@ A YA AR (antigene radiotherapy, AR)E 1A A3S Fddts 54 F422] DNA 9 RNAE
EA 3= oligodeoxynucleotides (ODN)ol WA S F  (radionuclide) S XA et3, BA L] A2Ee] FYato
WAL B3] o] o3 £ 79 d ek (double strand breaks, DSB) 2 3 7}=hAt (single strand break, SSB)<
FrgtomHn §4d 2}4 B S At FH1AF A5 g WHeltt (Beal et al, 1991).  Antisense ODN&
/\1] é_LH,] H]Xé)b °] RNAE 4%4 ]_L -GLHE] Eﬂ/\}‘j X]E F2 /e AR _F-/HE] o]HxJo DNA 2

il

RNAE &% %‘5&5}. antisense ODNE o] &3l0] Way dmao] 4L Astozm AHS X238
2} = A2 FAAE 2gA e 3 MhHEo] Antisense ODN 7]%0]t}h (Ben et al.,1998). Triplex
forming oligonucleotide (TFO)® double-stranded DNA®] topological TZollA Watson-Crick E 2ol °]3k
duplex bases®] 4243 (o A=T, G=C)°l| Hoogsteen =423 (d: A-A=T, G-G=C)°] A 3}+= major
grooveE Wl AHA 7tgoe g A 4 = ODNE o v]dt} (Blumeet al, 1992). # %% Triple-helix
o Ao WAL 19573 Felsenfeld, David Davis, Rich7} polyuridine/polyadenosine duplexe] ZA3%3s}= <F
Asta EAHS 3 7lgd oz ¥ polyuridine AHEHES FHsto gz o]Fojxt} (Cooney et al, 1988). <
A AR E3FE (Auger emitters, AEs)= ARol| 20|+ WAL A F& Wsl 43 genomic DNAS] A&
ok AtgAdds dovE Haibss WESE SAS Zeth AEse WAMA B3I E AluA dAxE
o @AARl BbES oF7] A7IH, 1929d el o]A& AF WHF Zykro] HE8At Plerre Augerd ©lF &
mx grskA ATt (Eilers, 1999). AEsel & X5 dAFolAe] &8€82 TFO EE DFOd %A %
genomic DNA 3= RNAE #Hste] A2 SAFAAY E4E FE3EE  (Frank-Kamenetskii,
1995) AREZM AEs-3%# ODNE A& + Ut} (Gazitt et al, 1992). AEse| WA 53 #8&2 517}
b= F9 2A- el o particle?} Pl5=d 1% AP E A g AAEA (DNA 2 RNA)O 2
£ F7 @} (Eilers.,, 1999; Hirose et al, 1998). ¢ whAo] Tl Fdx At Fao3 F 79
A2 el g3 dojukEd], ol FIFHAY FHAd FEHIA FAR eIt ol FIEIAE A= AXE
A g2 =A3E 7|5 S 7FA proto-oncogene®] HWolE doA A= AoR

)=}
= FAAT Ho, 23 AX F2o] Lottt (Durland et al, 1994). N-myc A A= A E 2

< do7] =

A3 B35 ZHS= transcription factors® Y@ 3FslE FAAEA, N-myc? FH4x9] S$E2 AXY
TS frEs w8 Aol FAZE A2 & =&dA=  human N-mycol ZA st 5994 1A
TFOE AHg3te] ARE ATetna stdon, 5994 Fxds M #FS AHEa5t oS 98] Triplex
2 dAste 23S Sy, AAIHNEZI N-myco] LHEA &E AlEoNA N-myc &ao| EHs=
TFO®l 938 nuclear localization (in vitro)® AWEE (in vivo)E Lotz skt o] AF-elA human
N—mycoﬂ 48 "In-EA TFOZF EAFAAY A2AS Zddos AT & e Aolgdn 9353
th. 53] TFOE AR &AQl Az FAo= ogd 4 s Zolth
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Cell culture

cell line2 Neuroblastoma (SK-N-DZ, ATCC number CRL-2149), promyelocytic leukemia (HL-60, ATCC
number CCL-240), breast adenocarcinoma (MCF7, ATCC number HTB-22), 12|31 human mammary
epithelium (MCF10A, ATCC number CRL-10317)& AF&3tdch. AlE wjeke 2E 9We ATCC
recommendationsE W3l o] MAEEL 10% fetal bovine serum (FBS)¥I} 1% antibiotic-antimycotic
(Gibco BRL, Germany)®] H7F¥ RPMI-1640 ®]#| oA monolayer® ¥ <3ttt 18]x 37C, 5% CO, %
A st A FX7t A EE w7l wf st

Recombinant vector construction

Polymerase chain reaction (PCR)®| tamplate®, neuroblastoma (SK-N-DZ, ATGC; CRL-2149) A3 9]
genomic DNAZE Nucleon II kit (Scotlab, UK)& &3t} N-myc gene sequence®] 2493-3108 bp (616
bp) positionsol ™3  primers® Human N-myc FdXA  triple helix® AT F U=
polypurine-polypyrimidine regiongd PCRZ SZA|Zt}l. o] PCR fragmentZ manufacturers instructions<
we} pCR-BluntllI-TOPO vector (Cat. No. K2800-20; Invitrogen, USA) (Fig. 1)l =4 3%t} Plasmid
pCRhN-myc& Maxiprep kit (Qiagen, USA)E A}&38to] E coli2 58 #285th

Construction of TFO conjugated with DTPA

TFOE N-myc gene® 616 bp DNA fragmentol| 4] polypurine element’} ¥3t% TFO targeting®] 7}& 3k
29 bpE 193l ©] TFO sequences?] X positiond] ''Ino] labeling®t}. TFO: ABI-394 DNA
synthesizer (Takara Korea, Korea)olA A3t th. TFO solution (168 uM) in 1 M sodium bicarbonate
(pH8.4)& 1|3t} o] solutionsell, fresh cyclic DTPA dianhydride (cDTPAA) solution (1000 pM)S A
%% dimethy sulfoxide (DMSO)® 15% bAoAl Wel A Heste] #H7bstgith. Conjugation
cDTPAA solutions #7Fgk ¥ 15% St wkgAATh cDTPAA®] HFE ¥+ ODNHEUY 64-fold B =7
3ttt.  DTPA-conjugated ODN-2 0.2 M sodium acetate®} 0.02 M sodium citrate buffer (pH4.5)=
prewash?3F spin G-50 column (5 Prime 13 Prime Inc., Boulder, CO)2. 2 ¥2]3l3itt. DTPAZ}F 43| =
12 w7}4] spin column chromatographyE o2 W WkE 33ttt A A" DTPA-ODN conjugates?] -&

=+ ultraviolet spectroscopy (Hewlett Packard Co., Gloucester, VA)Z =743} %

" labeling with DTPA conjugates of TFO

o Al 141759 "Mn chloride (70.6 MBq, 27 pmol in 5.2 gl of 0.05 M HCD2.17-fold ©]%+< WA} 3
A&t conjugates (124 pM)E 102 30} solutions®] pHE 2 M sodium acetateS #7}3le] 452 %
th. dordE "MIn jone EAE 5 mM DTPAES AHste] 108 wHeAA AdEAzich Mn-3A %

reverse-phase (Rp) thin-layer chromatography (TLC) (5%20 cm, eluate 10 mM sodium phosphate pH6.7;

o My Ed

Uniplate; RPS-FAnaltech Inc., Netwark, DE) ¢} size-exclusion high-performance liquid chromatography
(HPLC)A & 7] 9} Supelco G2000SW column and an on-line flow radioactivity detector (Bioscan Inc.,
Washington, DC)& A3t}  Rp-TLCAA WAs2 Bioscan System 300 Imaging Scanner detector
(Bioscan Inc.,, Washington, DC)&2 ZA}sttl.  WAls peaks= TLC platollA] H91 522 A3 w-counter
(Packard Co., Downers Grove, IL)2 243 23 "n-DTPA-TFO ¢ "'In-DTPA] ukgait) e
Wn-22 gZ2e Wp-DTPA 7F €43 A4 2 o 744 spin column chromatography S 4= gt}

In vitro TFO formation and binding assay



""In-labeled TFO$} target plasmid pCRhN-mycE  binding buffer (50 mM Tris-HCI, pH8.0; 10 mM
MgCl2, 50 mM NaCDelA 65T, 55t &A1 3 Aol A A3 2 3tttk plasmidet TFO<
triplex (1.0 pmol/1.5 pmol)¢] binding #2412 1x TBE buffer (with 3 mM MgCl)E AF-&3te] 2% agarose
gelod| A 71955 39T Triplexe dA42 BSA 1500 Bio-Imaging Analyzer (Fuji, Tokyo, Japan)ES A}
43to] gelstyen, triplex®t unbound TFOC] gt = Ql Y= LabWorks Analysis Software (UVP, Inc.
Upland, CA)E Ah&sto] S74ak3ith

Cellular uptake and nuclear localization in vitro

MCF-7 (breast adenocarcinoma), MCF-10A (immortalized breast cells), SK-N-DZ (neuroblastoma), and
HL-60 (promyelocytic leukemia)S¢] <M 58 35mm dishesoll  1x10° cellsZ #3354 37ColA 24 A7k
Fob Wttt aela, 7 dishd "In-labeled TFOZ 5365 kBg (5365 TBa/mmol) # 2 &te] 377 o 4]
24 N Zrsek wloFsldth iR S Rol AlEE ice-cold PBSE washing3d ¥ 1X trypsin-EDTAZS ] 2] 3]
QAR a9l Cell pellet2 NP-40 lysis buffer (40 mM Tris—-HCl, pHS8.0; 120 mM NaCl, 10% NP-40
v/v, protease inhibitor cocktail)® &3 Al ZTh  ©] lysateE 1,300gol A 5E5¢ QAR dte] A=AS A
t}. Gamma scintillation countingS ©| &3Fo] AZFH O 2 cytosolic fractions pellet2 nuclear fractions "
Abs o2 FA4s AT

Biodistribution of 'In-labeled TFO in animal breast tumor models

Breast cancer cells (MCF7)¥ immortalized breast cells (MCF10A)< in vivo Aol Al&319 1 58 &
d 2 = female Balb/c nude mice (5-6 weak old, 18-20g)& A}-&3}31t}. mice groups (n=5)E<2 A &%
£ BR8] 918l € E bed, food, waters} 25C7F % 5 clean cabinetoll A AM§3t9ith. =28 3

Ao Agy oA AEHE 3] 157U F<F homeostatic cabinetell Al A-$-71E M5t 1574 —roﬂ, mice®l|
15x10° breast cellse 59 93 FHozRE 27t F9-9 S FAEGT FAFA 149 Foll FF
271E ¥R 05-2 mm diameter’t EIth F%o] 4 ¥ miced In-TFO (317 MBg/ml)7} ¥3H%
phosphate buffered saline (pH7.4)E 0.2 ml® FAI8t9 k. Mice Groups (n = 5)¥ 2 ""[n-TFOE FA}3X
15, 60, 120, 300, 1140 %o <FEAR ARt Z2ke] organs (3, A4, W, 9, 5, W, 9, &, two
breast cell-originated masses)& &3t FAE M T radioactivity® =43t Radioactivity:= ¥
—counter2 ©]-&3te] "n photo peak (171 and 245 keV)E =43}

34

Wn labeling with DTPA conjugates of TFO

Aol 543 PAsS 2t MIn-DPTA-NH-TFOZ 947] ¢4, DTPA-NH-TFO®] 2.17-fold molar
excess = W chloride®  #7bslgth.  Rp-TLC®  size exclusion HPLCZ  #ld  Ax}
Wn-DPTA-NH-TFO9] specific radioactivity’= 536.5 TBq/mmol®] 3 specific concentration 317 MBqg/ml
o] ATH

TFO formation and binding assay

WI-labeled-N-myc TFO¥  human N-myc gene (pCRhN-myc)#} binding buffer (pH 8.0)o14 65CelA] 5

7& HFS- Al A triplex® FA 8 tF. 28y human estrogen receptor promotor (pCRhERP)¢}:= triplexS
AR &okth Fig. 2A0A4 92 34T E triplex bandE e AL o} Z 34 EE free unbound TFOs
yeldith Triplex band: A7) 9%3 gelg ethidium bromide® 9 A3+ plasmid band$ X 3kc}

Triplex and TFO Alele]l A7 smears "1 decayol 98] =% triplex?] disintegrations ERATEH
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W1 labeled-N-myc TFO$%} human N-myc Aol A 4% triplex®t unbound TFOsS mean area density
2 =4stq wustgdet.  "I-labeled-N-myc TFO$} human N-myc genedl Al #4% triplexs unbound
TFOs¢ Jdldoz 196% mean densityE WEFHRITE ¥ human estrogen receptor promoter<}2]
triplex formation< background valueZ "1 unbound TFO$ AFth % ¢l mean density7} 1.55% %2, AA 4o &2
Al #X7F et Al dtt (Fig. 2B).

Cellular uptake and nuclear localization of N-myc targeting TFO in various normal and
cancer cell lines

MCF7, MCF10A, MCF7/TH, HL-60 592 Al 394 cell nucleus, cytoplasm, cultured medium fractions2
WIn labeled TFO distributiong 24317 993, ©] system< ©]€3tth o] A& A= N-myc sequence”}
ol &= MEZAA N-myc promoterel] 4% G J=A9 oF& AFsAr. 435 &3l AZwid &<t
WA 5= nucleasesd] 93 B R2FE]9 AT AEzR FH FTFHE TFOY abilityE 3718kt
Subcellular fractions (i.e., cell nucleus, cytoplasm, cultured medium)i= gamma scintillation counter® ©]-&
skl 247k WAt s& SASAT - Axel wE TFO9 AA cellular uptake®] & 24A17F i3S o,
20.0-54.8% of injected dose (ID)= uYeElgth o]FolA =2 TFO uptake® HAF AL human
neuroblastoma®lSK-N-DZ7} 54.8% ID, human mammary ductal carcinoma®! T47-D7} 54.0% ID, human
acute T cell leukemia®! Jurkate] 54.0% ID, multidrug-resistant human breast carcimona$l MCF7/TH”}
495% IDE normal cell®] immortalized human breast cells (MCF10A); 20.0% IDol Hl&] =% =4 ‘JrE]r‘/L
t} (Fig .3). 91714 cytosol Bt} AEsH oz FQ3 JujE zr= AL TFOY nuclear localization$! d,
AL TFOZ} nucleus® double stranded DNA$®} A 4= 931, cytosol?] single stranded RNA<}= Z3
SHA] 7] wlEolth. TFOC nuclear localization®] 7} =4 vEld M E=, MCF7/TH (30.0+1.00% ID)<}
SK-N-DZ (28.7+1.20% ID)13L, 7 tAl vepbd AlEE MCFI0A (6.59+1.03% ID)SAth 1 9ol Ao
W& 7k BEF9 percentage?] ol the 3 7t} Nucleus : HL-60; 7.50+1.00% ID, MCF7; 7.50+1.47% ID,
MCF10A; 6.59+1.03% ID, MCF7/TH; 30.0+1.00% ID, SK-N-DZ; 28.7£1.20% ID, cytoplasm : HL-60;
33.0+1.00% ID, MCF7, 285+0.63% ID, MCF10A; 13.4+2.62% ID, MCF7/TH; 195+1.00% ID, SK-N-DZ;
26.1x1.00% ID. o] A& A3 =, TFO9 nuclear localization¥} cellular uptakex A EHTE th%d =
T dAMEAA & YEfdTE AS & 7 AUTH

Biodistibution of In-labeled TFO in animal breast tumor models

Biodistribution®] Al7b¥ A= Wn-labeled TFO2] injected dose (% ID)9] percent® YENI ST (Table
1). Table 1+ Balb/c nude mice®] tumor-xenografted model°l A tumor targeting 111In—labeled TFOE #H7}
3t7] 938 biodistribution®] F% AIE RoFt) Balb/c nude miceol X Z+7+e] fFWstel ®A3s= TFOY
HuAe Wn-labeled TFOS FAFEA 5A7H#lo] YEYT © MCF7; 7.77+ 2.11% ID per gram of tissue
(% ID/g), MCF10A; 4.53+1.20% ID/g, MCF7/TH; 21.0+3.23% ID/g. S873% o] Azt w& 7 7|#
SoA Ho A vt TFO FYE AL normal cell-originated tumorX.th= cancer cell—originated
tumorel A © =4 vEYTE  Blood valuest® 152743 & 8.00%+0.90 ID/g ot 19417 A3 Fo+&=
1.30%+0.30 ID/g2 At wel 7438 a1, blood TFOS] ¥Hl7]+= e 13082 SAFHYL. v 7|
So] AIZre] 7 el wet 7“\3}—5 W o] Aol e F7kste ddol vEs T 4149 TFO level 154
A & 593%+7.91% ID/golR L, 19417 A3} Fol&= 25.1+5.60% ID/g2 SAF A 7He] TFO uptakes
19217kl A= w712 Al T2 level (19.7%-245% ID/g)S FA8tA . 2lgo|u} 1hoAfe] o] & A
= Ao AR I #Eol US5S YEWETE BFolv FHoF o] dito] @Wo] BEIE A A E,
Hlud =& levelZ uptake¥ Ath7t AJ7to] A= FAEHATH (Spleen; 15.8-4.05% I1D/g, lung;

9]

6.35-1.64% ID/g). <%, M, F 2e 2HdAE dFol IPgHe Tk ALHoR v FE

= =1



(0.37-3.63% ID/g)< A stATh

o] =olA+= human N-myc 72 A9 Hoogsteen 4 ZA3S A3+ polypurine-polypyrimidine TFO
£ 1otate] AE¥S S33kATt. vEE o] polypurine-polypyrimidine 714 & ] triple-helix®] ZA¢S <FA
3 A

o

A sl 4 Atk AES 9 A8 N-myc § A+ polypurine A€ F915 7FA13 9o TFO<9 ZA3g

S SHASHA & FuTh ol BolAl 474 A4S 1A% human genome®] promoter -1l A gk

triplexE® @43 ODNE 1dste zo] dAl A5 7Y Zokol7] widl, o] =wolA g N-myc

ARkl FHstE TFOE o€ A7E & g Zerh 183 N-myc AR Aot EFol A e

v frAAelnR A AT AW B ude FofRe] olf siEAel Avte HE s B o, 44
3 A Be E=gol E AoF HAY

tjo

T 79 AF&E 9] DNAC triplex BA4S # %3 ODNE in vitro (Beal and Dervan, 1991; Blume et al.,
1992; Durland et al., 1991; Durland et al.,, 1994; Maher, 1992; Mayfield et al., 1994; Pilch et al., 1991)%} in
vivo (Cooney et al, 1983)oll A, A2 At} vralz QS MeAdor A&t Panyutingd 19 1%
ol A, delivery moleculeZ4 AEsE ©|&3 TFOE o] &3to] Eold fFHxtd A= M2 JATHS A
ZstF e, 23S AE 5ol F 7te Alse] doko] DNAM A AEse] 221 & o3 dojur]
u] F o]t} (Panyutin and Neumann., 1994; 1996; 1997). TFO+ #3dA}e] @3S AMelxozg x4 & J&=
G4s A 7] Wi, sHds FA e o ZA FHAE MY EolHor 7T 4 vt (Praseuth
et al, 1999). ol#& & <]&3std TFOE 5o &Y 753 24d& A3 AT FHA AAA=Z
AREE o ABAZ VLS FE drk. ZAFA S TFOE IFH3A strategy= A G312 TdS
S

4 9o} (Frank-Kamenetskii and Mirkin, 1995). TFOY 9749 EolAd 3 AEs9 &3

v 2d4% 549
°of H§zgoz AgtE DNAS Huhg dozivh, i Folrt Fask AL o EAZF B4 o]9e
FRAA = HAge £4vE dozivtteE etk HlR o]Yd Heo] AR HTFT EXY FHelt
(Karamychev, et al., 2000). TFO7} 9714 €] high-purine®} high pyrimidine TAAES 231 U=
genomic DNAGIA] o]@ FAA = FAS 4= 9l7] wj&Fd], ARY WHE FAz 5Wo] v Aol gl
th Ao R o VEd FFE FHAAY volg oA FElE oS Zt U= ¢ 22 AWl X
zoll 7 AgetA 482 5 vk o] AFelAE Nomye 4 TFO7F Al obA 2% 8k obyel, st
A EAMIE in vitrost in vivodll A 2 FE F e Hold o8-S et AT o] AdE Al sk

A

QoA AF3E vhel o] ARCIA = TFOO A &d Sold3 ob&d AEY &3 58 &g wjf Fag o<l
o7 ZA&FTh  In vitrool AN, AF7A Ple] ARel wo] o] &y girh. o] AL P[-F A TFOs7}
EX7F & He FHEE /M2 a4 22 E plasmidstt genomic DNAOIA Mg Eold Hos ‘34_
4 9l7] wEo|gith 2ev I-% A TFOs: ¥-717F 604 2 w9 A7 @&l in vivoe] ARIAE
A gtteE ©o] k. wEtd §&5 Rdd e 08 F579 AEs7F 23kt (Karamychev, et al., 2000).
ol @ AFL WHEAYL = g FFow "ng 5 5 Ak e AEse] FeuA 7t Pl Ank Hmo]
3L (Sastry et al, 1988), medium-energy ¥-rayS W&3tH, W7 7F 2892 vy FHop a8 a, 93t
ZGPol A T ewAs EAS e o] &8 5 At} (Dewanjee, et al, 1994). 1t} MIn& A A 717
$ &l A= chelator7t & 2.3},

Diethylenetriaminetripentaacetic dianhydride (DTPA dianhydride)¥ "'In-DTPA 345
AstE W FE5AY chelatore]l™, DNAY indiume] A¢ets RS WA e o] whazhg
Z7FA R, TFOsE DNAS ZHo| 344 H3E ®wo] el =S =], ]33 DNA2 major groove©l
A4 MIn-DTPA H@A7t A@slA $ale= sh7] 913 Aelth (Sahu et al, 1995). MY 5|4 DNA
Ae ths Zole] DTPA linkersE £3] duplext) TFOsol| Ad® Mnol waba Balo] os]a] Aojnk
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o} (Karamychev et al, 2000). DNA £4-2 A d 5ol4 DNAR olg% "'ndl &l dojuA vk DNA
ol Akt 2= olA A &E R vkl §lvd (Karamychev, et al., 2000).
N-myc F327F fFedel A wol] ddy= AL a2 X34 #Agle]l doldth. N-myc #4334
WaES 7 8249 dF Atolo] yeve 9=, N-myc expression®] fetolA o5 QA= o] &
ttE AL A¢tett (Mizukami, et al., 1995). T3 N-myc overexpressione leukemia cell lines®]
oS 4= 9lt} (Hirvonen, et al., 1993). Promyelocytic leukemia cell line?l HL-60¥ N-myc mRNA
olxlg = Q7] W&o, N-mycd 2dS HoFE UFE =& A negative control® A& %t}
(Gazitt, et al.,, 1992). N-myc ©d 9] A3 2HE AX AgHA Ay E31E 93 24 ZF2 29lo]x
oA ARl N-mye A& 2dste 5old AL AAlsAl wrsx vk glet (Sivak, et
al., 1999).
Deregulated N-myc 222 @& & Fuer=E small-cell lung cancer, Wilms's tumor, Z'do}Z, 27 o} Al
EEFS EFehe oY o dATEY el 2 FFS Tk (Pession et al., 1997; Sivak et al., 1999).
Ag7hA el Aol N-mye kel 2 @ld Aiksel 2d2 Aok ESF, retinoblastoma  9F
small-cell lung cancer®] A2 Ag=o] $Ah 2} H29 AFoAE AAZSoA Aurzxloz 1d
& aL O“jr‘” SA7 S7ketar k. ®=3 N-myc oncoproteine 9] fFukglel A Batd Hog dxE
o A Adto] Fag uE zreth
o] = A=, neuroblastoma®tbreast carcinoma cellsl*4 N-myc-targeting TFO®2] cellular uptake2}
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2950 '"In-DTPA DTPA-'"In 2978
5'-GTAAAAGAAAAXGXAAAAAAAAAAAATTC-3"
S"-CTTTTTCTTTTTCTTTTTTTTTTTTTTTC-3"
3 -GAAAAAGAAAAAGAAAAAAAAAAAAAAAG-S’

EcoRI EcoRI

Human N-myc
2493-3108

pCRhN-myc

pCR -Blunt [I-TOPO

Figure 1. Schematic diagram of pCRhN-myc plasmid. The 616bp PCR fragment cloned into
EcoRIsite of pCR-Bluntll-TOPO vector is shown in bold. Sequences of the target gene and
TFO are shown above. X indicates position of ! -labeled residues.
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Fig. 2. Extent of triplex formation. Triplex was formed between 1.5 pmol of

N-mycTFO'"'In and 1.0 pmol of target plasmids, pCRhN-myc containing human N-mycand
pCRhERP containing human estrogen receptor promoter, in binding buffer (pH 8.0) by 5 min
incubation at 65C. Triplex was subjected to 2% agarose gel electrophoresis and
autoradiography. (A) Autoradiography of triplex and unbound TFO. Lanes indicate; 1, for
N-mycTFO'"'In only; 2, for N-mycTFO''In + pCRhERP; 3, for N-mycTFO"'In +
pCRhN-myc. Triplex formation is indicated by the upper arrow and the free unbound TFO by
the lower arrow. (B) Relative mean area density (%) of triplex and unbound TFO. Triplex
(solid), TFO (striped).
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Fig. 3. Cellular uptake and nuclear localization of N-mycTFO'"'In in various cancer and

normal cell lines. Cells were plated in 35 mm dishes (1 106 cells/dish) and incubated at 3
7C for 24 h. Cells were treated with 536.5 kBq (536.5 TBqg/mmol) of the N-mycTFO"In for
24 h.The medium was collected, and cells were harvested by mild trypsinization. The
cytoplasm and nuclear fractions were separated as described in Materials and Methods.

Sectors represent cytoplasm (gray), nucleus (black) and medium (dark gray).

Table. 1 Biodistribution in Mice of '''In-labeled N-myc TFO*

Organ 15min 1h Z2h 5h 19h
Blood 8.00 0.90 5.30 0.50 4.80 0.20 1.30 0.10 1.30 0.30
Kidney 5.93 0.94 7.91 0.62 17.1 1.40 23.9 7.90 25.1 5.60
Liver 22.8 1.03 24.5 2.31 22.8 1.43 20.6 1.28 19.7 0.70
Spleen 15.8 1.19 13.7 0.97 10.7 1.12 4.05 0.46 6.17 1.04
Lung 6.35 0.56 3.76 0.42 3.01 0.31 2.53 0.22 1.64 0.07
Muscle 0.44 0.04 1.77 0.63 0.74 0.26 0.34 0.06 0.49 0.04
Bone 2.45 0.62 3.63 0.44 1.89 0.76 1.32 0.17 1.37 0.27
Stomach 1.46 0.14 1.23 0.17 0.88 0.09 1.95 0.21 0.37 0.18
Intestine 0.88 0.08 1.47 0.17 0.57 0.18 0.44 0.05 0.81 0.12
MCEF7 1.23 0.34 1.45 0.23 2.78 0.78 7.77 2.11 3.33 0.99
MCF 10A 0.86 0.12 0.79 0.07 1.68 0.18 4.53 1.20 1.84 0.84
MCF7-TH 2.86 0.53 8.01 0.54 19.2 3.08 21.0 3.23 10.8 1.43

* Percent injected dose per gram of tissue (% ID/g)

The biodistribution data are mean S.D. of five independent experiments
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