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(57) Abstract: The present invention relates to a DNA aptamer specifically binding to integrin a.fs, and a composition for diagnos-
ing cancer or metastasis of cancer including the aptamer as an active ingredient. Also, the present invention relates to a composition
for imaging neoplastic diseases including the aptamer, and a contrast medium including same.
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AFEE = Tk A7) A e 58] AlgsiA e @2, CoCu, CoPt,
FePt, CoSm, NiFe, = NiFeCo 5& ©F = 2F ol AT + Uth
EZH A7 A dedxte SRl st ETe A3S
AAA 7] Hoted /1 ERIAAYG A2FE + Aok A Yxgake}
7144 EHEGAA S 23S A Y dxte] dFEA F714
E@?_Z A7 wi9isted 2s3ES FAsl] o]Fojd F Qh
714 FRAdAAT A7 d=dAY ZH 27E
AABIFANL F e 77l 71TAH EAE AVEH, A& o] AHIYAE
271 A Al ¢ EgoldEddEy Eato]=(alkyl
trimethylammonium halide) & E&3}= &ol AlHEA A, 22 AHoleic acid),
Zh- 24 (lauric acid), =€ E U4 4H(dodecylic acid)?t Z& X3 = EX3}
WAt ER]SE X AT £ALo] E(trioctylphosphine oxide: TOPO),
E 2] 58 ¥ A~ H(trioctylphosphine: TOP), £+
E 2] ¥ ° ¥ 2~ (tributylphosphine) 2} 72 EZYAX AW T
=

EgdAdxAggAlol=, -&¥ o} (oleic amine), E 2] € o}l (trioctylamine),
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EE S ol¥l(octylamine) ¥ -2 & ol¥l(alkyl amine), =& &7 E] L (alkyl
thio)& EFste T4 AHELA, 2 &R &2 A7 o] E(sodium alkyl
sulfate), =& AT R 44 X 27 o] E(sodium aﬁ<yl phosphate)& X 3+8}=
ol AHELAE AHEE F dou, ol AgEHE AL oyt

A

R A7 SR SEES WEHE Yol YredaE
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e 583 AgHA oy, Fo]d(pyrene), Io] @ FE)ZAk(Pyrenebutyric
acid), To]#l Y o}7l(Pyrene methylamine), ©}7]x ¥}o] #ll(1-Aminopyrene),
goldl B 2Y 4H(Pyrene-1-boronic acid), F}old FZRE X &3l= #7] B

2% o1 ALg @ & AUtk

EeoH 2o|n =(PED), Ee|HEdH EEPVP), ITA Z8] o}r|xiHPAA),
Aa2d vdA 1&E2, I44 ol38A 1EA e 92 E P(Dextran),
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311.9_5}015—% Al835te] SELEXE Tz‘sg—a-}ggu}.
B e = JAET-aps-mi Holo g EE
A 7T FEE) F#8F F AT
£ g FAHY AAdeds, MR 2GAZ AT FHoR B
2o e vt 2gtd A HedAE Azl (dAld 2), 471 A4
Y2E GAEo sl RHAFEE 7HvE A
A7) A UxdAE & FEEL] Foidtd MR 944& FUde
KeX

A4 GegAsl o 24 do] FHHo] aRHoR ¢z

AS HABT (AAd 3). B, AW DAY BHE Fshe] )
FEFRIZE AAlS] FAo] Qa0 AL UEhRA Bt HY BAAL
AT (LAl 3). | |

t

r°*'

bl 2 ™o HE BARAFA ] oln F g A JE cyclo
(Arg-Gly-Asp-D-Phe-Lys) (c(RGD) S Elo| =7t A3td A4 “=da-& A&
749 v w3 S o, T8 ZdoA -RGDZF AFE A4 YAt
A9 (A7l Y g g2 E7F FAas S Bksle] B o o)
SEM 7 2FE A dmdare) B 24X 07EA] AEAQ g dx
ARE JefUled, A5 AEE © A UEtg L, o A6 2ot
e go] EXHE Ao FAHJT (2 8 E = 9). w}av, 2 gge
DNA ¢EFH 7 71E A A QA cRGD HEPERTE o 53 o EH XA
F4E aHE vYedE &+ Aok

e, 2 2o e E ¢ HER 9 Q] HZd A o Fate

)
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ol 7 2 & dAFE FAHs=H F&EHA AHEE & U
@i 7inke} V)& AlAleh Blalste], £ LR e DNA YEH e H
A& T4 Fo(uptake), Z0H AET D AA P Bop AL FF

A (tumor retention) & YENH O Z M, T2 Aol digt T4 ¥R
@A g olm| x| &7} JhsshA Fot w}")r/*ﬂ, 2 499 et =, 53] T
Aojd AA vlA oA Ae2-bafdd o AEY AA W o]u] A g
&3tA AHEE & Qth

(2o 4AE g Y]

rﬁ, ox

<AAld 1> Al I a,p; HEIHE] LF

L1: AL etojBn e FA

SELEX®l] 223k single strand modified DNA libraryE A Z38}7] $138}q,
5" Zhol Biotin©] Z%H¥ antisense library [5'-Biotin-d(CTC TGT GGT GCT CTG
GTC-(N x 40)-GAA CTG GCT GGC GGC TGA -3 (A E 64)12 TA 5 Th.

ol9} o] AdAE antisenseE 7FR| I 20uM 5' primer(TCA GCC GCC
AGC CAG TTC; M8 65)9}, 0.5mM dNTP(ATP, GTP, CTP, BzdUTP),
0.25U0/ul KOD XL(KOD XL DNA polymerase, Novagen), 10X extension buffer(1.2M
Tris-HCl pH7.8, 100mM KCI, 60mM (NH);SOs, 70mM MgSOa, 1% Triton X-100,
Img/ml BSA) Aol Al 70Coll A 1 Alzt F¢F Q1F# o] M 3le] double strand
DNAE A zxstgict -

o]7]oll 20mM NaOH ©]&-3}o] elutiond ¥, 80mM HCIE 40 2
% 38}8}o] single strand modified DNA libraryE A Z 3}t A ZH DNA
library:= Amicon ultra-15(Millipore) & ©] &3t H%3 5 UV
spectrophotometer 2 A &3} T}

1.2: SELEX WO E Qe ap:oll thd detd 22

ol el L™ o,Bs (R&D systems,3050-AV)oll A g3} DNA aptamers
X st7] Ysted SELEX 719§ o] £3}ch

1) A2 a,p; Bl 7 (tagging):
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Non-tag protein 91 2B Z™- a,:° EZ-Link NHS-PEG4-Biotin(Thermo
scientific)2 AF&3}9] biotinylation & SELEX Al&o] 2A EF&)5Fct

@ AElTap: el A

A A7) 4@ Library Inmoles selection buffer(200mM HEPES,
510mM NaCl, 25mM KCl, 25mM MgCL)oll ¥ 31 957, 70°C, 48°C, 37 Coll 4] zZ+zt

B3 A7) ¥ Negative selectionS $#8+9] 10X protein competition
buffer(10uM prothrombin, 10uM casein, 0.1%(w/v) HSA (human serum albumin,
SIGMA) 10uLE &3 H, 45 Ho]. A4 H Dynabeads® MyOne™ Streptavidin
C1(SA bead)(50%(v/v) slurry, 10mg/ml Invitrogen)ol] #7}8}e] 37Coll A 1023t
Bhg Al 7T

Negative selectiondt-8- ¢ A% IS FHElo] YR E tubed] &7 F,
biotinylation & {EH Z1¥Ha,p39+ ZFAIZ Dynal MyOne SA beadsoll 37T ol A
1A 7F F<ob vrR-AlZ T}, Selection buffer(200mM HEPES, 510mM NaCl, 25mM KCl,
25mM MgCly) 100uLE DNASH AEl 21&-a,p; H& A< 233 Dynal MyOne SA
beadsE S M AT SHA MH A= MELR plated] &7 Al &3S
2mM NaOH &< 85uLE F7}3to] E Ao AY3ste libraryE elutiondt F
8mM HCl! €< 20uL2 neutralizationd} 33 T},

3 FF:

E o) Ajsle library DNAE QPCR(quantitative PCR, 1Q5 multicolor
real time PCR detection system, Bio-rad)S ©]-&3}to] F&3FIth. <A library
Az AL4= S primer(TCA GCC GCC AGC CAG TTC; ME€H3Z 65)< 3'
primer(Biotin-CTC TGT GGT GCT CTG GTC; AE®¥Z 66) Z+2t 5uM (5 X
QPCR master Mix, Novagen), 0.075U/ul KOD(Novagen), 1mM dNTP(Roche Applied
science), 25mM MgCly, SXSYBR green [ (Invitrogen) S &5 37} 125uL7}F S &5
F&s}ted, 96T 15%, 55C 10%, 68T 30 XU ZE 1cycle, 283 96T 15%,
72C 1% 2722 30cycled HHE3FA] double strand library S A &3} T}

(4) eDNA A Z:

eDNAT enzymatic DNAZ DNA template®} polymerases ©]8-3) AA4Hsh
HEFHE 9t} A7) QPCRES F3tod vHE©]Zl DNA libraryE 25uL
Myone SA bead(Invitrogen)oll Aol A] 1083t £&35te] A3} o] o
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39 DNA %< QPCR product® 60ul® 3t1th.  20mM NaOH &% &

A 7}8to] single strand DNAR &S FUT 28]a A7) AAld 1.19
Library Al Zot &S Wio s WP A4S £338t= DNAE A stod
Th& roundol] AF&3FITH SELEX round= % 83 3slgiy Bp Azl
A& Aste] 43158 637k 221 73 %-E 8371 ZtZt DNA%

S A ZHef;) ETFAZS 10mM DxSO4(sigma)E Aol 1/200, 1/4002

8] A1 8}o] DNA aptamerE A1 3191 C]—

(5) Pool binding assay:

A Z™-a,B39t SELEX round”t X3 & DNA pool®] ZFEH-g ¢olH 7]
3t filter binding assay S T3t WA 3= 6 round} 8 round2]
poold o-P**ATP(Perkin Elmer)9} TdT(Terminal deoxynucleotidyl transferase,
NEB)Z eholl & 3199tk A7] SELEX #A 8 £31o] doA library DNA
IpM, 0.25uL a-P2ATP(SuM, perkinelmer), 0.25uL TdT, 2 10XNEB bufferd(NEB)
10puL reaction volume 2.2 37Col A 3083t vH-§A]7]a1, 70'Coll A4 1083
incubation 3to], TATE E&A A Z vt EX ¥ DNA pool Micro spin G-50
column(GE healthcare) & ©]-83to] %3 A 8131 .

¥ X]E DNA pool 20 OOOCpm% 100uL 1xSB buffer(200mM HEPES, 510mM
NaCl, 25mM KCl, 25mM MgCL)el Y3 95Tl A58 120] 0.1CH 37C7HA
A3 YA 28 1L, buffer (200mM HEPES, 510mM NaCl, 25mM KCl,
25mM MgCL)E o]&3}o] e 2 a,Bs (R&D systems, 3050-AV)2 100nMol A
12 point= serial dilutiondt H, 37] 7}d 2 ¥ Z}A17] DNA pool 30uLE z}7}
A 7¥8kod 37Tl A 30237 ¥E-g-A| Z t}. Nylon membrane(GE healthcare)©ll
DNAS}F Q| Z3Ha,pe] EFEL 72 2ul® spotting 3+ ¥ zorbax
resin(Agilent) 5.5uLE F7}8}ith. 18]al wlE] 1X SB buffer(200mM HEPES,.
510mM NaCl, 25mM KCl, 25mM MgClz) 50uLE 2 A ¥ Durapore
filter(Millipore)ol] 2 31 vacuum= FA . 1831 membrane filters
100puLe] 1X selection buffer(200mM HEPES, 510mM NaCl, 25mM KCIl, 25mM
MgCL)Z 4 o] 5]t} Filter plate® image plate®l] overnight exposed+ H
FLA-5100(Fuji) & & imageE A %3} &3t}

471 @oizl Qe 2%a.ps9t SELEX roundE 713) DNA poolzte] 2%
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15

20

FE 1ol etk A7) 23 AstE 2 A7) filter binding
assayE &5t} ¥ojzl k& SigmaPlot 11(Systat Software Inc.)S ©]-&5}¢]
T3UoH, F 1 F BuwtT input 8] A3 gt 2] v]&S UEHH
Z o] 31, Ky(dissociation constant)= 3133 & e},

(% 1]
library pool binding
B nax 3.23E-11 0.45
K4(nM) [6500.86 43.3

A7) B F, librarys AFEE WE] WP FZY @714 EE e
DNA©] i1, pool binding & &3 3 libraryE ©]-&3F ¢4 7] E SELEX ©A
% 8Round & AYoJA= ssDNA PoolS & v]3hc},

6) Vel Z™—a,ps HEM E71AE E4:

8:19] SELEX roundE A% % 2% 33#o] 7bF £& 8 Round
ssDNA Pools #1° 53 QPCR W2 E double strand DNAZ FZ 3t -C.{
TA cloning kit(SolGent) & ©] -3} cloningd} 1t} 28] 3L vector’y ol
EA3k= MI3 primer(CAGGAAACAGCTATGAC; M E¥ 3 67)S 711
sequencingdt] Tt 2 sequenceE L AT

doizl A a™opsoll vl$ SolH o2 ZAEslE DNA aptamers

5- TCAGCCGCCAGCCAGTTC-[Core sequence]-
GACCAGAGCACCACAGAG-3' (M9 3 61)

o] F7IMEE 7FAH, 9714 Core Sequence:= °}&fe] ¥ 20] YErdd
Hiel 31, o] FollA 52 benzyl-dUZS YERdITH

[E 2]
Description

# _ Core sequence
(B8 ¥3)

5CGGAGGC555ACASCGGSAACCGAGACS5AGG
AC5G55G (A8 % 1)
SC5CASSCS5ACACAAGGCCAGASAAAGSGSAG
CAAAGSS (MR 3 2)
#3 | S003-A4-003-T7_CO01 | 5SAG55G5ACAS5C5GAGS555AGAGCAAASAASAG

#1 | S003-A4-001-T7_AO0l

#2 | S003-A4-002-T7_BO1
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AGS5CCA (AEH % 3)
S5ACSAAACACGCAGACSGAAA5555ACASCGGS

#4 | S003-A4-004-T7 DO1 3}
- AACAGSC (A g3 4)
5555AA5CS55C5C5G5CAGASGGC5GGSAGGGSGS
#5 | S003-A4-005-T7_EO01 _
- ASGAC (X8 Z 5)
CGAGGGAGS5A5GGAGAS55G5G55G555AAGGSC
#6 | S003-A4-006-T7 FO1 |. _
GGAACS (M EH 3 6)
CGAGGGAGS55A5GGGGAS55G5G55G555AAGGSC
#7 | S003-A4-007-T7_GO1 )
- GGAACS (M EHE 7)
5555AA5C55C5C5G5CAGASGGC5GG5AGGGSGS
#8 | S003-A4-008-T7_HO1 )
ASGAC (A €Rl % B)
AGS5GCCAAS55GCAGCCSAGGASACGS5555CGA
#9 | S003-A4-009-T7_A02 ) '
AACSGCA (AE€® 3 9)
CCGSCAGCGCGG55CGAAGGSACAASS55AGAS
#10 | S003-A4-010-T7_B02 .
- CGCSAAG (M EH 5 10)
5555AA5C55C5C5G5CAGASGGCSGGSAGGGSGS
#11 | S003-A4-011-T7_C02 i
» ASGAC (M EHZ 11)
AG55GCCAA555GCAGCC5AGGASACGS555CGA
#12 | S003-A4-012-T7 D02 _
- AACS5GCA (AEH S 12)
5555AA5C55C5C5G5CAGASGGC5GGSAGGGSGS
#13 | S003-A4-013-T7_E02 .
ASGAC (A EHE 13)
5555AA5C55C5C5G5CAGASGGC5GGSAGGGSGS
#14 | S003-A4-014-T7_F02 _
ASS5AC (M EHT 14)
ACGS5AAAGGAGACGGAS5555GACCCG5GSASAC
#15 | S003-A4-015-T7_G02 i
, 5CGACGC (A8 ¥ 3. 15)
GA555CGGAASAAGGCC55ASGAACCASGAGCC
#16 | S003-A4-016-T7 HO2 i
5G5C5C (M EH 35 16)
5G5GAS5A5G5C55G55AAGCS5C5GASGASGCAG
#17 | S003-A4-017-T7_A03 i
= GGC5GG (M ERHE 17)
#18 | S003-A4-018-T7 B03 | 5C5CC55C55ACCCCGSGSAGCAAAGASSCAGCS
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GAGGAG (A€W 35 18)

#19

S003-A4-019-T7_C03

SAASAAGCCACS5CGGCGS5CACSGSAGSASGS55A
S5C5ASC (A E™M3E 19)

#20

S003-A4-020-T7_D03

AGCGSGAGACAGGSG5GAGGAGGCAAS555AC
ASAGGSAA (A2 3T 20)

#21

S003-A4-021-T7_EO03

CGAGGGAGS55A5GGAGAS5G5G55G555AAGGSC
GGAACS (M E¥ = 21)

#22

S003-A4-022-T7_F03

AGS5GCCAAS55GCAGCC5AGGASACG5555CGA
AACSGCA (M E¥H 35 22)

#23

S003-A4-023-T7_GO03

AG55GCCAAS555GCAGCC5AGGASACGS555CGA
AACSGCA (A8 5 23)

#24

S003-A4-024-T7 _HO3

CGAGGGAGS55A5GGAGAS55G5G55G555AAGGSC
GGAACS (M E¥ 3T 24)

#25

S003-A4-025-T7 _A04.

G5555AAGAAASSAGCACACCGS5GAC55G555A
G5GGCG (A EH T 25)

#26

S003-A4-026-T7_B04

G5555AAGAAASSAGCACASCGS55GACS5G555A
G5GGCG (M EHZ 26)

#27

S003-A4-027-T7_C04

AGGSCACS5ASGAS555GACCCG5GS55GC5CGAC
GCGSAA (A€W 5 27)

#28

S003-A4-028-T7_D04

AGGS5CACS5A5GAS5555GACCCG5G555AC5CGAC
GCGCAA (M E¥H 35 28)

#29

S003-A4-029-T7_E04

5GSGASA5G5C55GS55AAGCS55CSGASGASACCG
GGC5GG (A EHE 29)

#30

S003-A4-030-T7_F04

G5555AAGAAAS5AGCACACCGS5GACS55G555A
G5GGCG (A EH 3 30)

#31

S003-A4-031-T7_G04

5555AA5C55C5C5G5CAGASGGC5GGSAGGGSGS
ASGAA (AEH 3 31)

#32

S003-A4-032-T7_H04

55CAGACCAAS5A5GG5AA555C5CAAASCSGAG
S5GSCAS (M EHZ 32)

#33

S003-A4-033-T7 A0S

SCGS5A5555GACCCGSGSASCCSCGASGCGGSSA
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GCAGCA (Mg 35 33)

#34

S003-A4-034-T7_B0S

SAASAAGCCAC5CGGCG5CACS5G5AG5A5G555A
S5CS5ASC (A EH & 349)

#35

S003-A4-035-T7_CO05

G5555AAGAAASSAGCACACCGS55GACS5GS555A
G5GGCG (AR Z 35)

#36

S003-A4-036-T7_DO05

G5555AAGAAASSAGCACACCGS5GACS5G555A
G5GGCG (M EHE 36)

#37

S003-A4-037-T7_E05

CGAGGGAGS55A5G5AGAS5G5G55G555AAGGSC
5GAACS (A1€®¥ 3. 37)

#38

S003-A4-038-T7_F05

S5C5CAS55C55ACACAAGGCCAGAGAAAGSGSAG
CAAAGSS (A€W T 38)

#39

S003-A4-039-T7_GO5

GACS555ACASCGG5AAAGAACSCAGASASGCA
CAAGSSA (AER¥E 39)

#40

S003-A4-040-T7_HO05

5CGAGCCA5GGSCGAGCCCCAS555ACASCGGS
AAGGGCS (A EH 3 40)

#41

S003-A4-041-T7_A06

G5555AAGAAASSAGCACACCGS5GACS5GS555A
G5GGCG (M EHZE 41)

#42

S003-A4-042-T7_B06

5G5GA5A5G5C55G55AAGC55C5GASGASGCAG
GGC5GG (A EH T 42)

#43

S003-A4-043-T7_C06

CGAGGGAG55A5GGAGAS5G5G55G555AAGGS5C
GGAACS (A EHZ 43)

#44

S003-A4-044-T7_DO06

AGC5AACGACAS5555ACASCGGSAAGSCAAACC
SCAGCACS (K| E€H 35 44)

#45

S003-A4-045-T7_E06

5AA5C5GGSAG555AAGCACASSG5GAS5GCACG
CGGASG555GAS (A BT 45)

#46

S003-A4-046-T7_F06

GAS555CGGAASAAGGCCS55A5GAACCASGAGCC
5G5C5C (M EH E 46)

#47

S003-A4-047-T7_G06

AGS55GCCAA555GCAGCCSAGGASACGS555CGA
AACSGCA (M EW 3 47)

#48

S003-A4-048-T7 HO06

SC5GGCAACS555ACASCGGSAAGCCSASSGAGC
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GCGACS (A1EH 5 48)

#49

S003-A4-049-T7_A07

5555AA5C55C5C5GSCAGASGGCSGGSAGGGSGS
GSGAC (M99 3 49)

#50

S003-A4-050-T7_B07

CGAGGGAG55A5GGAGAS5G5G55G555AAGG5C
GGAACS (M EH 3 50)

#51

S003-A4-051-T7_C07

5A55GGGAGGSGGGGGCCASS5ACASAGGSAAC
AGCCACS (M ER¥Z 51)

#52

S003-A4-052-T7_DO07

5555AA5C55C5C5G5CAGASGGC5GGSAGGGSGS
ASGAC (X8R Z 52)

#53

S003-A4-053-T7 _E07

AG55G5CAAS555GCAGCCSASGASACGS555CGA
AAC5GCA (MEW T 53)

#54

S003-A4-054-T7_F07

CGAACGGAASGGASCAGSCC5GGGCAAS555AC
ASAGGSAA (MBS 54)

#55

S003-A4-055-T7_GO07

CGAGGGAG55A5GGAGAS5G5G55G555AAGGS5C
GGAACS (A1 E€HE 55)

#56

S003-A4-056-T7_HO07

AGGC5AGCGGGACAGS5A555GAACCGS5G5A5CC
S5CGACGC (M EH 3 56)

M

5 = Benzyl-dU(BzdU) :
o O

[5-(N-Benzylaminocarbonylamide)-2'-deoxyuridine]

e O

HO

OH
A = 2'-deoxyAdenosine
G = 2'-deoxyGuanosine

C = 2'-deoxyCytidine

T = 2'-deoxyThymidine(Thymidine)
7] w2 AEadap GEHSS TheI 2ol FAF familyE

(£ 3]

FRHHME BT F7IMEY 85% FFHE 7IELeE )
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69.64.00% (39/56) Multi-Cop
# Description M | (%) core seq.
5555AA5C55C5C5G5CAGASGGCSG
S003-A4-011-T7_C0 GS5AGGG5G5AS5GAC
[11] 8 14.29 i
2 (MEH3 11)
(5,8, 11, 13, 14, 31, 49, 52]
AG55GCCAA555GCAGCC5AGGASA
$003-A4-012-T7_DO CG5555CGAAACSGCA
[12) 6 10.72 _
2 (MEHZE 12)
[9, 12, 22,23, 47, 53]
GA555CGGAASAAGGCC55A5GAAC
$003-A4-016-T7_HO0
[16] 2 3.57 | CASGAGCC5G5C5C
2
(MEHZ 16)[16, 46]
5G5GAS5ASG5C55G55AAGC55C5GA
$003-A4-017-T7_A0
[17] X 3 536 | 5GASGCAGGGC5GG
(IR E 17)[17, 29, 42]
5AASAAGCCAC5CGGCGS5CAC5GSA
S003-A4-019-T7_C0
[19] 2 3.57 | G5A5G555A5C5A5C
3
(MEHE 19)[19, 34]
5C5CAS55C55ACACAAGGCCAGASA
S003-A4-002-T7_B0
[2] 2 3.57 | AAG5G5AGCAAAGSS
1
MERE 2)[2,38)
CGAGGGAGS55A5GGAGAS55G5G55G
S003-A4-021-T7_E0 555AAGG5CGGAACS
[21] 8 14.29 )
3 MEHZ 21)
[6,7, 21,24, 37, 43, 50, 55]
G5555AAGAAAS5AGCACACCGS5G
$003-A4-025-T7_A0 AC55G555AG5GGCG
[25] 6 10.71 .
4 Mgz 25)
[25, 26, 30, 35, 36, 41]
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: AGG5CAC5A5GA5555GACCCGS5GS5
[27] SUFALOTTTLY 1, |357 | saesceacaossaa
) (MG 3E 27)[27, 28]

- #llclone® A% 56709 sequenceF 8 Z& FrjAgo] wrEgo]
Ve T 283 0215 8W, #12, #25F 69, #172 3¥, #2, #16, #19, #272
2] HHEE = @r]xgoe] YERRiTh

271 228 e Mg A FAME cloneE 3
HEHoZ YEiYE REN NEE ZA 5o #AQEgen, o AdEe
o 2

57.144% (32/56) Families

[44] S003-A4-044-T7_D06 Count: 1 0.02%
AGCTAACGACATTTTACATCGGTAAGTCAAACCTCAGCACT

ok ok ok ok ok ook ok ok ko ok
TTTACATCGGTAA Pattern_6 X 6 times
ATTTTACAT Pattern_7 X 5 times
ACATAGGTAA Pattern_8 X 9 times
TTTTACATCGGTAA Pattern_13 X 5
times
ACTTTTACATCGGTAA Pattern_14 X §
timés
CATTTTACATCGGTAAG Pattern_15X 3
times
Score: 33

[40] S003-A4-040-T7_HO0S Count: 1 0.02%
TCGAGCCATGGTCGAGCCCCATTTTACATCGGTAAGGGCT

stk sk o ok ok o ok o o K o
TTTACATCGGTAA___ Pattern_6 X 6 times
ATTTTACAT Pattern_7 X 5 times
ACATAGGTAA ____ Pattern_8 X 9 times
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TTTTACATCGGTAA Pattern_13 X 5
times
ACTTTTACATCGGTAA Pattern_14 X 5 '
times

CATTTTACATCGGTAAG Pattern_15 X 3

times

Score: 33

[4]1 S003-A4-004-T7_D01 Count: 1 0.02%

TACTAAACACGCAGACTGAAATTTTACATCGGTAACAGTC

s ok s ok o kKR ok K K o

TTTACATCGGTAA ___ Pattern_6 X 6 times
ATTTTACAT Pattern_7 X 5 times
ACATAGGTAA_____ Pattern_8 X 9 times
TTTTACATCGGTAA_ ___ Pattern_13 X 5

times

ACTTTTACATCGGTAA _ Pattern_14X 5
times

GGTAACAG__ Pattern_16 X 3 times
Score: 33

[48] S003-A4-048-T7_H06 Count: 1 0.02%
TCTGGCAACTTTTACATCGGTAAGCCTATTGAGCGCGACT

3k 3 3k ok i ok ok ok ke ok ok ok ok sk sk ok ok

TTTACATCGGTAA Pattern_6 X 6 times
ACATAGGTAA Pattern_8 X 9 times
TTTTACATCGGTAA Pattern_13 X S
times |
ACTTTTACATCGGTAA Pattern_14 X 5
times
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CATTTTACATCGGTAAG Pattern_15 X 3

times

Score: 28

[39] S003-A4-039-T7_GO05 Count: 1 0.02%
GACTTTTACATCGGTAAAGAACTCAGATATGCACAAGTTA

3k 2k i sk 2k sk sk e sfe sk ok e ke sk ok

__ TTTACATCGGTAA Pattern_6 X 6 times
ACATAGGTAA Pattern_8 X 9 times
__ TTTTACATCGGTAA Pattern_13 X S
times
_ACTTTTACATCGGTAA Pattern_14 X §
times
Score: 25

[54] S003-A4-054-T7_F07 Count: 1 0.02%
CGAACGGAATGGATCAGTCCTGGGCAATTTTACATAGGTAA

Sk o o sk o ok ok o
CAATTTTA Pattern_1 X 3 times
ATTTTACAT ___ Pattern_7 X 5 times
ACATAGGTAA Pattern_8 X 9 times
GGCAATTTTACATAGGTAA Pattern_9 X 2

times

Score: 19

[20] S003-A4-020-T7_D03 Count: 1 0.02%
AGCGTGAGACAGGTGTGAGGAGGCAATTTTACATAGGTAA

ok R K KR K K o
CAATTTTA Pattern_1 X 3 times
ATTTTACAT___ Pattern_7 X 5 times
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ACATAGGTAA Pattern_8 X 9 times

GGCAATTTTACATAGGTAA Pattern_9 X 2

times

Score: 19

[1] S003-A4-001-T7_A01 Count: 1 0.02%
TCGGAGGCTTTACATCGGTAACCGAGACTTAGGACTGTTG

sk st ok ke ok ok ok ke ok sk sk ok e sk ok ok

TTTACATCGGTAA Pattern_6 X 6 times
ACATAGGTAA Pattern_8 X 9 times
__ GGTAACAG Pattern_16 X 3 times
Score: 18

[15] S003-A4-015-T7_G02 Count: 1 0.02%
ACGTAAAGGAGACGGATTTTGACCCGTGTATACTCGACGC

sk st ok ke ok ok e o sk ok ok ok sk ok sk ok sk ke sk ok ok ok sk ke ok

CCCGTGTA Pattern_2 X 3 times
GATTTTGACCCGTGT Pattern_3 X 3 times
ATTTTGACCCGTGTAT Pattern_4 X 2
times
CTCGACGC Pattern_11 X 4 times
CCGTGTATCCTCGA __ Pattern_12 X 3
times

Score: 15

[25] S003-A4-025-T7_A04 Count: 60.11% -

GTTTTAAGAAATTAGCACACCGTTGACTTGTTTAGTGGCG

Hok ok ko

TTGTTTA ___ Pattern_10 X 14 times
Score: 14
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[21] S003-A4-021-T7_E03 Count: 80.14%

CGAGGGAGTTATGGAGATTGTGTTGTTTAAGGTCGGAACT

ok ok ok ok

TTGTTTA Pattern_10 X 14 times
Score: 14

[51] S003-A4-051-T7_C07 Count: 1 0.02%
TATTGGGAGGTGGGGGCCATTTACATAGGTAACAGCCACT

*k ok 3k ok ok 3 3k K ok ok ok ok ok

ACATAGGTAA Pattern_8 X 9 times
GGTAACAG Pattern_16 X 3 times
Score: 12

{33} S003-A4-033-T7_A0S Count: 1 0.02%
TCGTATTTTGACCCGTGTATCCTCGATGCGGTTAGCAGCA

ok 3k ok ok ok vk 3K sk s sk ok ok vk ok ok ok sk sk ok skokok

CCCGTGTA___ Pattern_2 X 3 times
__ATTTTGACCCGTGTAT Pattern_4 X 2
times

CCGTGTATCCTCGA Pattern_12 X 3
times
Score: 8

[56] S003-A4-056-T7_HO07 Count: 1 0.02%
AGGCTAGCGGGACAGTATTTGAACCGTGTATCCTCGACGC

Sk K ok ok K
CTCGACGC Pattern_11 X 4 times
CCGTGTATCCTCGA__ Pattern_12 X 3

times

PCT/KR2013/006889
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Score: 7

[27] 5003-A4-027-T7_C04 Count: 20.04%
AGGTCACTATGATTTTGACCCGTGTTTGCTCGACGCGTAA
A,
GATTTTGACCCGTGT Pattern_3 X 3 times
CTCGACGC____ Pattern_11 X 4 times

Score: 7

[18] S003-A4-018-T7_B03 Count: 1 0.02% )
TCTCCTTCTTACCCCGTGTAGCAAAGATTCAGCTGAGGAG

sk ok o ke ok o ok ok o sk ok ok ook ok

CCCGTGTA Pattern_2 X 3 times
TTCTTAC Pattern_5 X 3 times
Score: 6

{10] S003-A4-010-T7_B02 Count: 1 0.02%
CCGTCAGCGCGGTTCGAAGGTACAATTTTAGATCGCTAAG

Rk kg

CAATTTTA Pattern_1 X 3 times

Score: 3

[2] S003-A4-002-T7_B01 Count: 20.04%
TCTCATTCTTACACAAGGCCAGATAAAGTGTAGCAAAGTT

ks sk skokek

TTCTTAC Pattern_5 X 3 times

Score: 3

5.36% (3/56) Orphans
[3] S003-A4-003-T7_CO01 1 0.02%
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TAGTTGTACATTCTGAGTTTAGAGCAAATAATAGAGTCCA
[32] S003-A4-032-T7_HO04 1 0.02%
TTCAGACCAATTATGGTAATTTCTCAAATCTGAGTGTCAT
[45] S003-A4-045-T7_E06 1 0.02%

5 TAATCTGGTAGTTTAAGCACATTGTGATTGCACGCGGATGTTTGAT

(7) Clone binding assay:
BRH o2 FEd 97X 4E
st 29 pool binding assay$t 2
10 F3sigict. A7) 23 "s=E & A7) filter binding assayES 310 Aozl
%< SigmaPlot 11(Systat Sofiware Inc.)S ©]&3}o T3l o, 10 AI}E
o}zf o] E 40 YEMAUTH F 4 F Buwe input thH] ZAFE UEIH 9
¥ HEH RAeZE 19 TS 2 AT
Kq(dissociation constant)= &S UEtW & FXZ F 2|7}
15 ZAgHo] & Yehdith

& 2T clone®| AT HgHE Yolry)
eN

4 O 2 filter binding assay &

[E 4]
#11- #12 #21 #25 8R Pool | Bz library
Biax 0.56 0.69 0.88 0.82 0.45 3.23E-11
K4(nM) 38.02 23.22 58.95 17.57 43.3 6500.86

T stue KB €S
UL #25 clone(S003-A4-025-T7_A04)9] Ky7t 17.57aME ¥4 gl ol 7%
< AgEE g 2945 B

20 (8) Full length Y EIHZHE truncationg T3 9 el AN
Z2

% 5%F9 clones 7}A| 1L assaydtil ol &

o2

539 cloning® DNA E}F™ = sequence”’} 80mer
o] =9 Zojr} g e &gl Y4 (Ko7t

SELEX A&
7FA =,

HEe) Polg

AT MAA Aoz AU o] T A FA BHEE S8 025
25  Clone(2100-25-)= 7FHA| 31 Zejoln} A& ?J_v‘?— 51_?'.@}6&

5'-AGTTC-[Core sequence]- GACCA-3'(A €
o] A7NMEL 7HAE S0merd UEFH 2100-25-02F FA ST (K 5
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ZZ). B 51X 9714 E Wl 55 benzyl-dUE YERATH

[X 5]
ALt e
Sequence ID | 4] BE A% E A&
(Da) (Da)
AGTTCGS5555AAG
AAASSAGCACACC
HO-2100-25.2 | GS5GACSSGSSSAG | g meY 17097.65 | 17099.53
SGGCGGACCA | T
(ME¥E 63)

9 Vel2bo,ps FEH FA:
et E #MAAE AR 7]Q BioautomationAte] Mermade 12
5 ¥471E A3 Solid Phase Oligo Synthesis B 2. 2 =}A] &4 8133t}
(10) Ve 280, GEIH FA EAANEFR 2 QC:
A7) ¥E AR E 7K e EEE YEHEE oligonucleotide
%44 7] (Bioautomation, Mermade12)E ©]$-3}93 solide phase [1-cyanoethyl
phosphoramidite chemistry® ¥4 3}l 2.9, T4 F CPG(200nmole synthesis
10 column, 1000A(MM1-1000-))E cleavage -2 9[t-butylamine:methanol:water(1:1:2
HEau)jol Wi 70CoA] 5417 5 cleavage/deprotection & ¥ AXE
A7l &, HPLC(GE, AKTA basic) & ©]&3}o] B2/ A3ttt AL&3
column< RP-C18 column (Waters, Xbridge OST C18 10x50mm)°] I UV 254
nm/290nm, flow rate: Sml/min, 2>%:65C¢ Z7 2.2 0.1M TEAB/Acetonitrile
15 Bufferg ©o]&3l3lth ol& AEIHEL EF LC-ESIMS spectrometer(Waters
HPLC systems(Waters) + Qtrap2000(ABI)Z 0.02% 2 A} 9] WA A3+t
S SAEN o HPLCE o] 43 SE=HoA 80-90%S d& &
UATE.
<AAd 2> dE3™—o,p; GEHIE Z2FE ASG AR AR
20 2.1: &3 FeutgS o8¢ LUAE Y YxIgdLrgo A
7nm®] P2 YT 2] 2" (magnetic nano-crystals, MNCs) = z}7}
0.6 Z=dAt, =l of7lg 215Ce WAz &ujolA A
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EgjolM oty EM o] Ex B2 EgjolMEolM EY ol E (Aldrich)E 2
AZE &% 7FEEta, 315Coll A 1A B EE38 38HiH-S(thermal
decomposition)ste] F/d 8T
471 Tnm2] MNCs (10 mg/ml) 2 =d]24k0.22), =4 olvl (0.1%),
H EgjolM ol EY | ER P2 EglolsdoldEYolE E et
A E FHG 115TA] 308, 215CHA] 2417}, 315ToAlA] 1A 7
7Fg&e] 12nm &) MNCs & A z%3}gich
22 AFA RE AHIUap FEHHE FFAL F JE 28717}
A2%d S0 F}EY FF
Sg o EYSAdEU Sujel B8 olE (Polyoxyethylene sorbitan
monooleate, Polysrobate 80), 1.5g ¢l < A]H ¢F8fo]=2}ol = (succinic anhydride,
SA), 1.8g & 4-Tholddolu] =32l (4-dimetlaminopridine, DMAP), 1.5g 2]
Egogo}lql (triethylamine, TEA) < 120mL 2] 1,4-t}o]=2-4l (1,4-Dioxane)b
ol H7}slo] 48 7\1” < v " Yl (magnetic bar) & ©] &3}
WREAIZITH 93 FE F 14-"0) AL FEAAZRE T AAsm, &urt
AAE BPZELS AlFE AL (CC14) of FAAI F FEHE T3 BFe
HeES AT dEE N2 o Dol ~E (ethyl ether) & T3
1713, AHdEs A 5}04 A 2-a.fs YEFH (Aptameryyps, Aptaps) 7F
g F Ads ALV (COOH) & 7MA WA FAlo &3vjdE Yeld=
(tri-carboxylated polysorbate 80, P80-triCOOH) & €&t} & LA
Fé% 38 P8O-triCOOH ¢ A& A FAEHE o|XH (-CO0-) *ZE
gAe A7RE T 1 o YERAG.
- 23: UHIOWUaps GEPHE AT A1E F JdE A FFER
gd A4 Y=g Az
Q44 10mL ¢ AF (n-hexane)oll & H Ao 2.1 oA Az
MNCs 10mg 3} F&Ao] &ald AAd 22 oA #A|xF P80-triCOOH 100mg
E EFA F o] EFES 450W 9o 2ol o3 108 T XA
@‘01 ARG 1242 B A2oA mutste] 2 dde S A7z
e8] I (centrlfugal filter, Centriprep YM-3, 3 kDaNMWL) & A}&3}4
lﬁ—l%al (RPM: 18,000) & 3}32] P80-triCOOHH 7} A A" tebs] A

r_'rﬂ
o

BN

1

R
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2y 24 U=dat (magnetic nano-particles, MNPs)

A
olr
r}ﬂ
J?L
L
HU
R

24: & B gxo] o] e d el 1¥ap; HEMH 7T AEE
AUt = YA Az

Vel ZHofy UEFH (Aptamerqys, Aptes) 7F 28 H A Y=Y R}
(aptamer;vm-conjugated magnetic nano-particles, Aptup-MNPs) & A& 317 93
7] AAld 2.3 oA AZH MNPs Eo] g7l (COOH) °ll Aptayps &
Agslel A7l AABE = 2 o] YEHHIT 25mL & EAFH0E H Y
8% (phosphate buffer solution, 10mM, pH7.4) °ll 7] dAJe] 23 oM Az
MNPs 2} 38.2 umol ¢} 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC),
38.2 umol 9] sulfo-n-hydroxysuccinimide (sulfo-NHS), 0.2 mg (11.5 nmol) 2]
Aptayps & B3 AL £ 47T oA 4217 FTF dHSAZTE 441 H, o]
&3t A Centrifugal filter (Amicon Ultra) & 0] &3}0] A%elA] &2 Aptes
£ Fg33Ut

T oA F AFHE AFE8Hd Aptap-MNPs & A7) E
T34 Ax @Avjds B dAY ¥EHE Ao, IF AR
nl 2| E W B (vibration sample magnetometer, VSM) & o]-83lo] xAA}A] &
slgk 3 ARA7] (thermogravimetric analyzer, TGA) & 3 2143
UYreael2go] §Fs 54, o]& X 3a,3b,3c,3d ol EAIFITH

<AAd 3> JElT™-ep; BT ARE AAAUYAE o] & &
TE BEdoMe FHAE J43

3.1: Qe 2Taps S AEE A=Y MR 29 £
4

Azd A 2-™ap; FEIRZE 28E A UH=UAL (Aptass-MNPs) 9
MRI ZGAZA 2 &8 7FsAS A7 Yt 2 (T2 relaxvity
coefficients)2] A& &3 Z}“ YxeB3dAe] MR 29 EHE AT
TAH 2 MR 3 A8, Micro-47 surface coil& 2= 1.5 T clinical MRI
instrument(Intera, Philips Medical System)& A}-&3}o] $=3)35}3i k. =}A]
YB3 9] 12 (unit of mM s ZES A 2o A
CPMG(Carr-Purcell-Meiboom-Gill) Al # £ (sequence)S Al-§-381o A8 U]-(TR

248,
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= 10s, 32 echoes with 12 ms even echo space, number of acquisitions = 1, point
resolution of 156 x 156 m, section thickness of 0.6 mm).

% 4a o YERG vRel o], 15Tl X, Apteyss-MNPs =71 571381 H 4
@3] ¥ MRcontrastE AF8PL, EF & 4b oA FE=7F FIFl
wat 27 s Frbekglth WebA, MR 9% X2 H (MR imaging
probe) 241 2] Aptep-MNPs & #2} A (molecular imaging) & 2.2 &3t
2714 EA4E Efstn deS &9 + AT

3.2: Ul 2™,y HEIH 7 e AU AR AHE F7t

Azd A I-ep; GEMHZE AFE AU =UAE (Aptevss-MNPs) <}
o A HIHE Astel TUYE FEEE AHol TY 2 B4
%, Aol @718 EA& ol F LA UE W)= cyclo
(Arg-Gly-Asp-D-Phe-Lys) (cRGD) 7} 2% == MNPs (cRGD-MNPs) ol
e AE DBE APE FA6 RS,

£ 5ol Uehd v} Zo], ¥E Ezlo] MR U 27]E WPl
shol, AZ W] 2ANME YAt AHE M F e

]
: YEl2™aps HEHIE 2EE AU=UAY] AE I &Y
7] AAld 3.1 oA AxdE JHlIbap; GEHIE 2EE
AU = U2 (Aptaps-MNPs) o] M E 3% APS AASIAAL, A Y
RlalE 8] el a2bapsoll e B2 FAF0] oln] 2 dEA e
HE}o] =941 cyclo (Arg-Gly-Asp-D-Phe-Lys) (cRGD) 7} A3 o] 9= MNPs
(cRGD-MNPs) o] thgh A X 3t AlFE FAl TPt 96-dol| Al X
(PAE/KDR) & €% 1x10*718 EF3149,5% 29 28lold A (fetal bovine
serum, FBS) & 1% & A E 32 (antibiotics) & TF3t= MEM culture medium
ANA 37T, 5% oA EA ZHAA WISt 1 F dUdd 529
Aptyps-MNPs 9} cRGD-MNPs & A X0 A 2ld & 24 AJZF 5 37}
Hlj Fak 3l ot
Aptayps-MNPs € cRGD-MNPs 9] ME 54 &
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay &
AREstel AE A Al BE=E A8 = 6 o Yebd upe} o)
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Aptep3-MNPs €} cRGD-MNPs E5F H& FEME AX 54L& Jelhgz
Tee FUdsh
A 2daf; SEI7F ZFE AU YA EHAFA &
71 AAel 2.4 oM A" AH 2¥op; LGEFRIE A E
AHI Y=Y At (Aptayps-MNPs) o] B 8o psoll tHet AR TGS FQstn
°] & cRGD-MNPs & ® A g1 v]nLs}od o
PAE/KDR (€l Z&a,B; ZLd, dFT) M E A431 (U B ZHa,pb;
ALd, EZzT) MEE 42 1.0x 10" 7148 AHH 8] A A2 non-specific
A3E Z0]7] 93 blocking buffer (0.2% FBS and 0.02% NaN3 in
phosphate-buffered solution, pH 7.4, 10 mM) & F3A] 33 A3t o &,
Aptwp3-MNPs T} cRGD-MNPs € Z4z} A glslo] 4TC oA 2 AIF <t
et &, MAE S o AE] B3R HA BES Aptep-MNPs 3
cRGD-MNPs & #| 7 g},
T 7a oA YERG vie} Zo)], AET H]EO%]H Aptop-MNPs 3}
cRGD-MNPs & 2% EHAIFAYE HEPHo] oJFL tix ax g
et o, 22 TEE E4E XHEsUE 49 Aptwps-MNPs 7} T
T2 EHXEFAHE eI O] cRGD-MNPs 9 Rt o oJFL U=z
12948 YedlE A& ZATh gi2T MEAME @ Integringvms
DHEZ A3 Aptep;-MNPs I cRGD-MNPs EF & %E Bo|x| ¢ttt
7 AAME = 7a A SHE G ZGEFEH MR signal intensity (R2) &

ﬂl

A%l E-S A2 8FA] %L (non-treat) A X2 R2 #& 7|FL =2, AT
T7HE JHZE XSS ol & Ta o G AR AL BAFI S
A= Rul= '

A7 AE B3, EHHOZ Aptyp-MNPs 7 ERXGE S ST

T USAIL, cRGD-MNPs HTh £ EHXFYS UYeEpds &0
3.5: eI ap; GEMHZE AFE AGU=YUAE 0|83 TE
Rdojxe] AdME F33
271 A 24 oA AxE JHI-ep; FEFEIE 2FE
AHA Y =Y} (Aptavps-MNPs) & Ao i3 EHAFH T dAZHY
BEXE =A37]) s 1.0x10" 712 A431 M EE 4-5 FH 53
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BALB/C-Slc nude mouse °l ©]4lslo] A 2d F& EEE ¥l O = invivo MR
273E& H3lA] 3T clinical MRI 8] 2 micro-47 surface coil (Intera; Philips
Medical Systems, Best, The Netherlands) S AFE-3}Q 3, T2 ZZE FAHE A7)
A3 th&9 parameter & A}83}S3 T} resolution of 234 x234 mm, section
thickness of 2.0 mm, TE = 60 ms, TR = 4000 ms, number of acquisitions = 1.

200 ug 9 Fe+tMn ©]2 ¥ X9 Aptyp-MNPs ¢ cRGD-MNPs £ tail
vein ©] FA}8t7] A (pre-injection; Pre) I FA}&F 23 (immediately; Imm),

1A 3, 321 2F 2441 2H8] MR 9738 SA A

= I
mapping & &3 B FHEA F4 dz2vt JeElGS FAEAn =%
B8 tE &7t Aol EEol wel & Folx 24A12ke] MR 4 gl A
7P o5& R E7F YErE S ER18HUTH o] & T8l Apteps-MNPs 7} &
229 A HA LEHE del 2o & BHATFE 5 Az, &
22 Joll £35o] anHoz o 2L 443 US AU

E 8a oA yEhd ule} Zo] cRGD-MNPs & FA}3H A3
Aptags-MNPs 9 Zo] AE 2ol A 44 iz adrt yehte 2e @
T A O U, Aptass-MNPs & FASH 39 24413 74A] =] 4%
A7F 5748 ¥HA, cRGD-MNPs & A 3§ 1A4]7ko
HE==7F gashs e FAsSITh o] S cRGD-MNPs 7}
Aptayg-MNPs o B8] QIE| Z&ap; o] HE EHA o] &g
B33t

Z8b dAE = 8a o 344 ZHAEFE SAHIFT &4 32 MR signal
intensity (AR2/R2p; AR2=R2-R2) & Y ZZ XHFUT. FGA Aol A
Ve HE9L o] Aptes-MNPs & FAFRE - signal intensity 7} 24417t
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