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Z5: A5HE (Fe;0,)02 Al osll AFE 5 tiabbgol os) EH e u® Al x5gS JehlA] eeth wabA 4
3 WA= MRI 292 8710l o 2gA=A de] AREAL th & Al e B M eR Akt
A Uxdae et SRjdddAZ g SHolMRE sto] dalaAE B g A2 IL-4 ZATEC 5
oj4o® W-g-5h= homing HECI=(AP)E 2G3Felth. APE IASIRE Atshd Wiefizte] A7l -84 A
A 2F 39 nmel Utk Ao 9 G AAIEE ol8sle] APALAYSE AshE WhedAte] uptakeS AR A A
Fropl el A9E uptakeS WAL 5 IoU WA Eol= AHZF O R uptakeHS & 5 USATE wEA
AP w3} 481 theqlAe 27) IRg 29A2A FsAe AUT & 4 k.

Abstract: Iron oxides (Fe;0,4) are metabolically secreted after endocytosed by cells, indicating no cytotoxicity. Therefore,
they are widely used as a contrast agent before photographing of magnetic resonance imaging. In this study, iron oxide
nanoparticles are synthesized by the co-precipitation method and subsequently immobilized with a homing peptide (AP),
which specifically interacts with interleukin-4 receptor located on the membrane of endothelial and bladder cancer cells.
The size of AP-immobilized iron oxide particle is about 39 nm. Intracellular uptake of the AP-immobilized iron oxide
nanoparticles was investigated using bladder cancer cells and fibroblasts as the control. As the result, the nanoparticles
are specificially uptaken by bladder cancer cells. However, the nanoparticles are not specificially uptaken by fibroblast.
It could be said that the AP-immobilized iron oxide nanoparticles have a potential to be used as a contrast agent for early
diagnosis of cancer.

Keywords: magnetite, homing peptide, IL-4 receptor, intracellular uptake, cancer cell.

M E

Ae] s}, Age) Myst 3 EAl R Hdeds,
o g WYL AEH o7 FIAL Slrt. BR e
o] Wzl mE A W Aol Hap wobx A%l
Tl F71gel whet Wel 27] HAS {1 oy I
o] W= e}

o

oL ot

"To whom correspondence should be addressed.
E-mail: ikkang@knu.ac.kr

586

g 7)Ee] A 2 X8 7)&e] uke g% 9 HAg
ol & FE3k= dloll= sz o gt FHE Wi
o] Y E MR =84, 384, FH 54
THE Wi Z719] AAIES Hlol/oloF Fololl $-8slk=
A7F Es] Y =EHA] L] ek (nanomedicine) 7]
Za4o] FUlE ! s ir|siola s x|
59 (magnetic reasonance image, MRI) Z3A|2] A
7} 7V st MRI 2940 2Pgel] iRl gaol et
A, A AAE R, 242 29 3 =
’d ZgARE Bk dAke T1 g Esh Ak T1



PEG 29014 E &3] Homing HElC| =5 243}

2 eM B2 Al E Holn, Sx= T2 AlE3t §
Algte T2 FolM AT E of5A RHETh? /el AR
U= A =E 2= 7= (Gd), ¥HMn) 59 do] =
< o] o] FAQI, o]F o252 A 540] Ash]
2ol &313HE el (Gd-DTPA, Gd-DTPA-BMA, Gd-DOTA,
GD-DO3A )= Alx3slo] et Pz M & 55
o= Fogitt, A 22 AEste At olnRE B
Al ste] T AR F5lo] BZAA HEljof she F-91-
A5, 9 2 g Soll = o] gHnh

Al FERL e T U ZJAE 23R Ak
(superparamagnetic iron oxide, SPIOYS 7|¥S 2 Sh= &
g SEolsolnt T YA A VIR o R sk R0
= ezt 8ol 283t Hojuk MRI A=A
T 7Fsd 2 a3 Aol Atk oA " AEjolu
A T4 AP BrslER 3go| Hof glom Akskd
|4e] the 4t Z7]e Fol(core) HE2] Z7]9F AR
T, & Fol wet tke BEE Zierh duEe R
B+t 274E 200 nm ©JskE st R =l Hls) A
o7 & AR VERIES g 3 T2 a3E ol
Sk ZPAZ ARESL Sl FHZolle olad 2 dRPIA
PAEZ1E 50 nm ©Js7HA] A = e Wier)ee]
of wa} 71Ee] 2R AksHE 2gAel e T2 B9
FASHAME T1 &3t S7keE wAl 24 AkskE
(ultrasmall superparamagnetic iron oxide, USPIO) ZGAl
g A= s K8 Foloh”? SPIO AR ZE Feridex
(AMI*H9} Resovist(SheringAh)2] F /71 Jom =ke]
A= A8 FYsloF sl Ak i HxdH 29
T B T el AA wE dojof sk EXge]
FAe] A= F5 FAF FEHRE g ¥l FYo] 7hed A
o] ok, wEbA WefRE A WE 9T 49 A,
oY Soll SHEA dar 2 FakEe] dAHg ATF B9
T3 4= 9= £ (long circulating property)°] S-7-F T},
ey WeYrks 1HFe] 7] wie] vt E o
Z(opsonins, complement fragments, serum albumins,
antibodies) 3 ¥ To| FHe| YERE= vl IEH
(biofouling) 7 wiitol] -&Fo] 2 dojdt}. wepx 71e]
kupffer M3EL} v7g2] tha)M| 3 (macrophage)e} 72+ W
M| 2 (reticuloendothelial system, RES)l| €5t |A] A|A
g g Ak olg 550 Fod & & el Y=g =
Fol|A] gloll= 73} 7t} webA EPR(enhanced permea-
bility and retention) &35 7|tiE & glovg Hdsl= o
A =g 4 g ket EAIE, AR ek
739 A WellA] Z=E3] FYEkA] e 2 727} vk
ojx 2p7]AQ1 BAdo] WatAY mEA BisE dod
At 2#EZ poly(ethylene glycol)(PEG), dextran, poly
(vinyl pyrrolidone)(PVP) 52| 34 2 HAFEAE 0|85

gk Atk tieiate] Al B Aol -8 587

of Whefizt FHS =W Aesie] AAAEE B P8
S7H7IE 7ol AMEER ATk PEGE WA
phagocytosiss Aal|3re2H Al azel] ofsir] A A=
= s TR IS T e AR dEA =
0|2 el X(stealthy EFEAL 3Th AR, egiAte] =7)
£ 100 nm ©]3k= A|Fsk= o] a7Eo] A=t whef v
YAk =717 A WellA olith 2 - oF o] ofd,
F2 Loy vA] e tidMIES) s AAEAY B
Aldo] @ol #xslal e # Foll =dsiA €.

2 AolA= homing HERIES E943F AsREA v
PAE Fste] EAGele] -8 73S AESIT |
A Bl gk o 2 RS =ol7] flal YiERE
I A o]l o3k FHHE ol&ate] WedAE A
T}, 3-AminopropyltriethoxysilaneS-'® o83l Ui=ix} 7
ol 15 o715 =Ysision, fefe]=e] SE 0]8-8
o] targeting BES =017] $13ll spacerZ PEGE =315
o 2 5 WEAE E g AlEEe] IL-4 ZAE
Sol4 o2 7hg3h= homing HERI=(AP HElOI=)E YA
FH skt =3t E-E2R1 fluorescein isothiocya-
nate(FITC)S =931 in vitrool A 1L-4 2IAE7T o] =4
Sk g ME9} 5ol AYS sleAE ARSI

Alef 2 MZ. d2E- ferric chloride(FeCls), ferreous
chloride(FeCL= Sigma Chemical A}e] S AME-319L,
carboxyl terminated-PEG(CT-PEG), 3-aminopropyltriethoxy-
silane(3-APTES), fluorescein isothiocyanate(FITC), 275+
< Aldrichr}e] A& ARE-SFATE. Homing HEFC|=81 AP
(SRKRLDRNC) el == sk Askst wadofx A
o} ARESISITEY Penicillin G-streptomycin, trypsin-EDTA,
fetal bovine serum(FBS), antibiotic-antimycotic} A|3E A=
Ao 22l phosphate buffered saline(PBS)= GIBCO
BRIAFS] AFS ARSSIATE B St 2 #ojg=
Advantec MFC2] A& AM&35159c).

Dextran-coated Magnetite(D) LE=®A} §4.2° FeCl; 0.5 g
3} FeCl, 0.5 g& 27]% 335° 50 mLol| $13] o] A8
HE THETE Y2ET 58 Y@VIE 33 10 mLe] S5
A RS e, G| FEY O R Aok AL
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HEth o] W HE pHE 11E s Y WedAt
= FATMW 12000y ©]8-31] 24717+ FAgRo 24 1
eCly, FeCl,E A AT
LE=QIXE FHo| ofelv|e] =QI(AD). 250 mL 4H- S8k
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Scheme 1. Introduction of APTES to the surface of dextran iron

oxide nanoparticles (D).
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Scheme 2. Introduction of FITC to the surface of AD nanoparticles.
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Scheme 3. Introduction of PEG to the surface of FAD nanoparticles.
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Scheme 4. Introduction of AP peptide to the surface of PFAD nano-
particles.
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PEG 23014 E 53] Homing FE}]|=:

=248 AEE 5] 98l Formvar filme® FHE
400 mesh copper gridsE AFESIL, W=Apt slAd &=
SNE gridsoll Astehs WHE o] &3Stk & AdollA
o] vh=8ir}t A7) B BEE AL Q8 AlE WAt
£ SFT wie W re §o07 mof IS &
7 ]*‘— =A717F 0.7 pm?] WE] FE (membrane filter)S A}
g3ole] HAE ost F dynamic light scattering(DLS,
Mastersizer & Zetasizer, Malvern)& =793} t}.

LEcRIXfe] SMEM. A8k vhieqizte] Ap7jo]dEs ZA}
sl7] fla AxE W=x s FEo]zZe] agAIR £ I
551 /\]?i—o— “}“E‘”‘:]' “}EOV] NEE ”}:’-H]EU] El
(VSM)#] & = S0l ket & XP‘—J HIl2 fEv]=

71% Eﬂ—i—r‘ﬁ 27 BHES 43Tt T3t 2 o
=R 2 A EAEA] R —r]EH X-ray diffractometer
(XRD, Enraf Nonius, RA/FR-571, Holland)& ©|-&3l] 2
Aol 54S AR

LiciXfe| sty aE 14 /1dE Ak Yiegixle]
Aol FAIERS A7) S8l vWieSdRt AlEeE e
KBr& ©]83t pellets Az=gt § 293247 ] (Jasco,
FTIR 300E)S ©l8-5te] FAF 3l 603, £3lle dem™e] =
7oz =3It Bgk Y9z} 3ol aminosilane, AP
Hepol= o] & =YHA=AE RIS 23l electron
spectroscopy for chemical ananlysis(ESCA LAB VIG
microtech. Mt 500/1 etc, East Grinstead, UK)E A}2-3}%it}.

M= BHF. WA E1 HT13769 Ao EE 3= A
FF 2o mAE ol ARSIt Wl oEE o-
minimum essential medium 45 mLe| FBS 5mL, penicillin
0.5 mLS H7lsle] ALGsISith. Y8E=e] AlxE vidfelr]
Sl Aol 47t 2x10°cells/mL H=% &3 5 AA
10 cm®] A|aEs) g ATl oA vt

LE-QIXtet MzZo| MSEE. A€ J_%‘Xﬂ APFADS} v
SEAE HT1376 AlaEste] Sola AFES 2AKsl] Sl
ARG WS FH|EGT. AFE PR | mg/mLe]
59 APFADE F7Fsle] AzsiAtt. 273 10 cme] dish
off HT1376 M*E 2 x 10°cells/mL F=F seedingdt - 2
g wjfHS | mL A7 37°C, 5% CO, incubatorolx]
304 &< AT thRd S flste] AP HElo|=rt 4
I=A] %2 PFAD 84S I 5 ¢ A3 sdst =
d—i EHJZ—LE S5} 37 °C, 5% CO, incubatorel] 30
]i:s_]_— ]q_—- 3544—‘6:]1]]73‘& X‘]z]— A]—EHE’— _‘/]-71——5].}3\
Ao} vlwslr] f1a A OOW]E% o]-g-a}

& AR BHEAL U R 2702 WEet Al
o] 7399t sdaAl stk ME] AR —% Skl
NIKON ECLIPSE TS100& ©]&-3I31a, F38n3<S =74
371 918l 5 CarZeissAFe] Axioplan 2 etcS ARE-3ISITE
olu] o3713-L 460-490 nme] 17| LEIS AME-SKAT.
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Figure 1. Magnetization curve of dextran-coated iron oxide nano-
particle (D) (a); homing peptide-immobilized iron oxide nanopar-
ticle (APFAD) (b) obtained by vibrating sample magnetometer.
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Figure 2. X-ray diffraction patterns of Fe;O, (a); D (b); APFAD (c).
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Figure 4. Particle size distributions of D (a); APFAD (b) measured
by DLS.

YeRlith. 3, AP HEle] =2 A% =9+ APFADE
oF 289] I ZtoA A7t YERAL 3l=dl o132 FITC
2 eg]yaElo| ol 7]0lEk= o7 shkEn)

bl vieQirte] Alolz 9 B ZAE $J8] TEM3}
DLSE o]&31t}. Figure 30| UYehiE vl 7o) Do ¢
AF271% 5 nm, APFADE 8 nmZ YERHRIT). o]} 7o) %
WS FoEH URAIF K SUteRE Ae ERIE
T YT
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Figure 5. FTIR spectra of D (a); PFAD (b); APFAD (c).
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PAE Al HoA] A 2717 AxdEAN SH sk
TEM Alo]=Xt} T4 Vet ? Figure 49 YeER = v}
7o) D(ay= M+t 18 nme] Alo]=E VFERJSIAL, APFAD(b)
£ 39nme] Ale|ZE YERIITE

LHeQIXE Mol ARIER BM APTES/| 92Ed FE
H 2lslEueQiAbe) wkEsA =H 7iRslel oJsl §F &%
o] A FHE viH TE %o Ute 1§ o=
71(-NHy)E ZHA Hth, webr] ofjle] A3l 71918k=
1562 cm™e] 35 SRIFOZH APTES’} EY=HUSS &
T A TH(Figure 5). L ¥, carboxyl terminated-PEGE &=
PFo=M 1562 em™e] AV} ARAA AL FA7}
1735 em™l|A YEPRES & 4= AT o)A YRpEwe] of
)i=7)9} PEGE] 7k2EA]717} whgslo] olnlo] =(~CONH-)
AfoR npal PEGE] ¢ dtel HolSlE —-COOHS
C=0 215315 7IQlsk= Zlolt). g, AP HEl|=E =Y
gk 74-9-= el =(-CONH-) 2] F71l ©J3f 1639 em™
2 1530 cm™ F-29] amide I, I1 ¥=2] w7} 7181t

FHAAEMO| oft BN, ¥ FHS ke T
T2 PO R Xrays 7IREOE 3l= ESCAE ©]&-3l3ith.
U=zl Al|e] ESCA 2HEHS 2A31y 12 5E ¥
Q43RS AArele] Table 10 VFERNITH AR v=at
of] ol = THAPTES)S =stogn Aol 4 o)
Z7kelnh. w3 FITCS PEGE =438K1S 745 3KS)e)
AZEYaL, AP HEI=E £918 49 AN FH(S)9
ghgo] 78] SElo|=rt & =YEISS & 5 Uik

KL QIR MZo| MSEE. A= AIQ] PFAD,
APFADZ #jkolo] 1 mg/mLE 5] 12, 24, 72A17F w3t
% 2 dAng oz A TH(Figure 6). L A3 vlgAZE




PEG 229|0]4Z &3l Homing HElo| =2 743}

Table 1. Chemical Compositions of Surface-modified Magnetite
Nanoparticles Calculated from ESCA Survey Scan Spectra

Atomic percent (%)

Substrates
Fe N (0] Si S
D 58.55 0.20 - 4037 093 -
AD 56.70 0.18 128 36.64 5.20 -
PFAD 58.29 0.15 1.53  36.89 268  0.50
APFAD 60.40 0.16 1.72 3501 213 0.58

12h

24h

PFAD APFAD

Figure 6. Optical images of fibroblasts cultured in the presence of
magnetic nanoparticles. Original magnification : %200.
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o Zolgel wet Hxe] 4 ANHoR FAT, o5
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Figure 791 WA EA8IA HT1376 AEE vt

RS el Sltk. Figure 7914 & 5= %ol AP
Fefol=7} Agte APFAD &A1&}k (Figure 7c)olXE AP %
Elo|=7} AgtE)A] ¢3S PFAD(Figure 7b)ET} 733t &3-S
YeRNIQILE. ©o]& A2 E AW ol g7t=2 ARS-H AP
Helo| =7} WsgetA ol EAISh= interleukin-4 2]AJEI9}F &
o]# o= WSSl APFAD’F PFADET: W3qhAle] o
Bol AFES & F At

Gan 58 2K W=z ®Ho] 71t Flelo]=(A54)

O 1=
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Figure 7. Optical images of HT1376 cell cultured in the absence of
nanoparticles (a); fluorescence images of HT1376 cells cultured in
the presence of PFAD (b); APFAD (c) for 30 min. Original mag-
nification :

x200.

Figure 8. Optical images of fibroblasts cultured in the absence of
nanoparticles (a); fluorescence images of fibroblasts cultured in the
presence of PFAD (b); APFAD (c) for 30 min. Original magni-
fication : x200.
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592 ol - ZHo] - 2184 -
T 2 AeldE MR-ZSH E9HEAGNe] $8-S =
H2 homing HEI=ES A Ashd Adhedis &
Aol ek Alaste] FuaAgs FAle] thaat 22
AES Ak

1. FeCl,, FeCl;, dextrang ©]83 T3 o2 YieYal s
R =
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