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Design and in vitro experiment of magnetic resonance contrast agent targeted tumor vessel

QI Hui-xiong' , LIU Can®, LI Quan', HU Guo-ging’
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«f Oncology, Pu'ai Hospital f Wuhan City, Wuhan 430032, Hubei Province, China;3. Department ¢ f Oncology, Tongji Hospital,
Tongji Medical College f Huazhong University cf Science & Technology, Wuhan 430032, Hubei Province, China)

Abstract: Objective To design a targeted nanoconjugate magnetic resonance (MR) contrast agent for neovessels of
tumor and detect its imaging capability with high field intensity MR. Methods The ultrasmall superparamagnetic iron oxide
particles (USPIO) was conjuncted with cyclic Arg-Gly-Asp (RGD) peptide by carbodiimide method. The specificity and targe-
ting ability for ., ;-integrin were detected by prussian blue staining. The uptake capability of RGD-USPIO by human umbilical
vein endothelial cells (HUVEC) was detected with atomic ahsorption spectrophotometer. The subcellular localization of RGD-
USPIO was detected by transmission electron microscopy. The change of T, relaxation time caused by the uptake of RGD-US-
PIO and prue USPIO by HUVEC in different time gradient was detected by 4.7 T MR. Results RGD-USPIO could specific
binding to o, 85, with good targeting ability. The uptake of RGD-USPIO by HUVEC was most located intra-cellular, which could
significantly reduce the T, relaxation time of MR imaging, the difference was significant compared with USPIO (P < 0. 05) .
Conclusion RGD-USPIO is a perspective MR contrast enhancement agent, which can specific binding to HUVEC and overex-
press a,[;-integrin and significantly reduce the T, relaxation time of high field intensity MR maging.

Key words: molecular imaging; cancer; contrast agent; endothelial cells;iron oxide
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B HATIA P, BRI T 3 — 2P IR N T . ke, JF
RIGENTCBE L3R (magnetic resonance, MR) X Lt
SR BEAT g el i g . Sl 45 2 H TR S0 Y 2 7
] o A ERRE MRURE A2 AL A B2 N K BTRE (superparamagnet-
ic iron oxide, SPIO) , /)N R4 HE MU A AL A AR AN K L
(ultrasmall superparamagnetic iron oxide particles, US-
PIO) JORIAR B AE PR NP3 IS, I HLAE AR N S
75 53t M A Bzt A2 2R ) R . AR S Sl &
RGD-USPIO B4W, K 4.7 T MR X} o, B, #ikPH
YL N B 5 K N B2 41 B2 (human umbilical vein endo-
thelial cells, HUVEC) #EAT A B SL 06, KT R A
W o, By BIZEAIT), HREATARSNE ) MR 245, Dy ihil
For HEVET X JI R T A ML A A SO ) R EE A I B
M o

1 #R5TE

1.1 EZKF5MF  HUVEC I MCF-7 40/l i
Mo RO 2 ) G B2 25 Bt B s () = B g oh a2
£, USPIO (TANBead USPIO-101, 3 [ fi # 20k, H
26 ~10 nm, BKZ10 gL', pH {H 3.8 £0.5,
Taiwan Advanced Nanotech 7 &, #1 [E) , X RGD Ak
[eyelo (Arg-Gly-Asp-D-Phe-Glu) ] (3£ [E Peptides In-
ternational 2~ &) , 1-45E- G- AL G LN I B
W% £ 18 £k [1- (3-dimethylaminopropyl) -3-ethylcarbo-
diimide hydrochloride, EDC + HCI] 1 N-F2 B 5% FHEE W
73 (N-hydroxysuccinimide , NHS) Crp [, B 4z T 3R
NED , ToK ST R [2- (N-morpholino) ethanesul-
fonic acid, MES ] (f Biosharp I AT A
(P F]) 1640 B IR G AR /N R 1T
L[ Gibeo 28D, PR ARG £ & VY 218 (ethyl-
ene diamine tetraacetic acid, EDTA) (Z£ & Amresco 2
A W EACE (o [ RAEA AR D bR ARk
W (GBWO08616,1 000 mg » L™ (b [ [H 5 b5 HE ) SR
T L), BB UE S BT (transmission electron mi-
croscopy, TEM) (fif = FEI L FICE AR AFD , i+
MR (SPECTR AA-240FS) (5 [l Varian 24 7)),
4.7 1/30 em /pEI) MR 1B 8 Bruker 28]

1.2 USPIO 53if RGD E# I EDC « HCI
0.6 mg, NHS 1.2 mg, /I A 1 mL. MES (pH 6.0) , 7
SHRARIURAY 0.3 mL, FF RGD 500 pg M
ERR AP ERL 15 min, B USPIO 2 mL, /I 2 mL
158 £ 2% ¢ i (phosphate buffered saline, PBS) 78 73
WA IR BEAT WL 2 B, FF BV R R RGD ¥ A
USPIO ', Sl 4 ho K S B TRl o3 25 4% b

5 min, 3 L34, I PBS 5 ml, #3286 5 IR TN
15 mmol *+ L™ ] RGD-USPIO E &W. £E &M+
TMN4.16 g+ LA BERAI 60 g« L' HERAE N
SEF, BLEF R E T 4 CUKF T & .
1.3 TEM # il RGD-USPIO H{ RGD-USPIO &
HW 50 pL A 150 WL 22857k, 78 70 T 2 I 1
JU RS ELSS, TEM AS I HoRE 120 22 23 A 1 40 o
1.4 #{AREIEZS HUVEC Fl MCF-7 41 MUy 4 & 14
A EL 5% CO, AR PR FE, A2 75 em® MG TR
T 10 mL AR 7350 10% /A M3 1) 1640 15
FEHE, B R, 22 40 B A RO i, F PBS
2 UK, NN B 37 °C 46 10 min, 155 40 g A £7
FEBR o B, R AT 40 i, 745 21 40 B B AT AR 4R
A0 A A T 0 A KT AT, T 0.9 mm® 41
M TH ST
1.5 EZE£+EERN HUVEC 3 IR RGD-US-
PIO BYIRERIE R & I8 RGD-USPIO Ay 45 F 5. $815)
MOES MEAEN 60 mm I IRI, B )Y,
A 7 AR AL 1 x 10 4~ HUVEC, 55 1
ANFEFEIMANAN 1 x 10* A MCF-7 400, &F 35 hn A 5%
FEH S mL, B T B IR A B AE 2 0 A AR R ) s
HUVEC 4 3 ANEER M i A USPIO #9%, ) 3 />
Kigz A m N RGD-USPIO 3§90, X 1 LA Jy 25 F1 56
W R IMEAT Y )i . MCF-7 40 B+ i A RGD-USPIO
W . A4 B IR FE 4 0.03 mmol « L7, HU-
VEC 41 5% 77 15.30. 120 min, MCF-7 40 J 20 ¥ 57
30 mino B KR53 v A EE IR A T ECH , PBS 78 75 o
B, UK PN M V5 58 5 min, PBS #E 2 U, WK LR
10 mL- JFUR 2040 10% B WA S L 2 mL BLaF 1 1
VEWCR N )Y b, Zi & 30 min, PBS 782 f
Ve, ML ROEE G 2 min, ARKMFVE, B T B
SN 25 1H W R AT O . DV E 9 N HEAE N
60 mm FIRGFEIL, BN RH) T, S/ MG TR I AN Zy
1 x10* 4~ HUVEC, ¥## 3L 5 mL, B T 72 7= 2
S MR AR 3R e 3 AN REFR LA NN USPIO ¥, 3
AN IR TN RGD-USPIO ¥ W, V) 3 Mot AL
IR RGD JIk, B 5 I A WA BE RGD-USPIO, {843 1L
BRES TR EEN 0.03 mmol « L1, 20 I 15 9% 15.30.
120 min. /Tl 5 mL EP EWCARGH AL, T 2R £ 1 x
10° /NI, K FP S B T IR sy 15 min, 2R
FKIA T RO G AT I AE 5 R e
1.6 RGD-USPIO E 5413t 4.7 T MR T,{& %
HUVEC 43 %] & USPIO #I RGD-USPIO ¥ 7% 15.
304120 min Ji WCHE 40 OB B0 AN RS B IR R £5 91
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WA S AT, 4.7 T MR AU . S50 R T, -
TR =400 ms, TE =13.5 ms, NA =2, matrix = 128 X
128, slice thickness =1 mm, FOV =3.5 em x3.5 cm;
T,: TR =3 500 ms, TE =40 ms,480 ~ 800 ms (12 />[A]
#HD, NA = 2, matrix = 128 x 128, slice thickness =
1 mm,FOV =3.5 em x3.5 em.

1.7 HUVEC $ZE{ RGD-USPIO FE EREERL  {F
HUVEC 40 #7757 20 730 i A RGD-USPIO ¥ 0Ail
USPIO VL, (84K B TR FE 2R 0.03 mmol « L™, K557
FMHEIE L h R, [N E 4 h, BT
W)Y, BT A s .

1.8 GitZEaIE A SPSS 13.0 Giil Ak kAT
BT, TR TR LU+ dr e (2 +9) KoR, A
M ECAECR AT ¢ K006, P <0.05 A ZERAA g E L.

2 #R

2.1 RGD-USPIO AR EEMBERMNER &
FEJR I USPIO 73 HORE FE A 5k USPIO A 22, 40 A7
RIS, RS R 6 ~10 nm (B D .

2.2 HUVEC $BEURGD-USPIO R HEFM HU-
VEC 857 LA 43 5 i A\ USPIO. RGD-USPIO, B #
K20 ) 4B K, HUVEC $5 B 20 K Jikr 22 i 18 %

E )

15 min Jii RGD-USPIO 20 B[l v WL 40 A B Bl A7 i 4 4k
WUkETTAE (B 2A) ,30.120 min Jii RGD-USPIO ZH.41
o JE] AT DK il g kL (18] 2B C) , 1 B4l US-
PIO ZH 15 min J5 40 MR8 BELA WA RIORL (B 2D) 4 30,
120 min Ji7 USPIO 24 40 it i [ m] W 20 77 4k Jopr (&
2E.F) . AKX a,p; 1 MCF-7 4 it 55 RGD-US-
PIO AH [ 46 2F F R 97 30 min Je 47 9% 6 85 44, 40
0 JE] PR A LA A (B 21D

- s
S " A
e . .' P
-‘ s’ 3;.
. . ",‘:
&
2 >

100 nm Q

-
-

1 E#EREH RGD-USPIO, THIEE 6 ~ 10 nm
Fig.1 Diameter of RGD-USPIO particle was 6 —10 nm af-

ter connection

G H

A:RGD-USPIO #1355 15 min: B: RGD-USPIO 413%3% 30 min: C: RGD-USPIO #14% 3% 120 min: D: USPIO Z13% 3% 15 min: E: USPIO 413% 3% 30 min:

F: USPIO Z1£55% 120 min; G: 25 (1 %F [ H: MCF-7 41553 30 min.

E 2 HUVEC RE RGD-USPIO ER R EFFF 14 (BELIERE, x400)
Fig.2 Uptake of RGD-USPIO by HUVEC and its specificity (prussian staining, x400)

2.3 RGD-USPIO (=1 HUVE ¥ 3% L+ 43 5l
Jn A\ USPIOLRGD-USPIO & RGD—RGD-USPIO #1T
Hid% . RGD-USPIO 41 % I ] B 41 A 2% 7 & 9 b =
T4l USPIO 4H. (P <0.05) , RGD-USPIO #4145 i ]
B k& &9 2 & T RGD—RGD-USPIO 4 (P <
0.05); Wk 1.

2.4 RGD-USPIO E&5¥137 4.7 T MR T,{E

HUVEC %> 5] 55 USPIO il RGD-USPIO % 7% 15,
30120 min JEWCEEANHT, T 4.7 T MR £, LA &5
FIKAE R X B, BE A I ] £ 4, RGD-USPIO 4145 5
BTG, USPIO 2H A7 38 Wi (ka3 5 18 40 i o
YERARE (B 3) « 5535 15.30.120 min i, USPIO 41
T, {35951 RGD-USPIO, Z R i # & X (P <
0.05) ; W4k 2,
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1 A[EAEER HUVEC #x& 8
Tab.1 Iron content of HUVEC in different time gradient

x=s)
HUVEC #& 8/ (pg * cell ™
Zb] , = _
15 min 30 min 120 min
USPIO 41 0.090 £0.003  0.160 £0.008  0.280 +0.006

RGD-USPIO 41
RGD—RGD-USPIO 41

0.350 £0.007" 0.520 +0.005" 0.610 +0.003"
0.150 £0.008" 0.310 £0.006> 0.510 £0.007"

1 5 USPIO 4 45"P <0.05; 55 RGD-USPIO 4 L5 P <0.05.

120 min

15 min 30 min

RGD-USPIO

USPLO

EARPO

E 3 RGD-USPIO 543 4.7 T MR T, {E# M4

Fig.3 Effect of RGD-USPIO on the T, relaxation time of
4.7 T MR

%2 HUVEC 5 USPIO.RGD-USPIO 1 fg A~ [5 B (8] X
T, B8 LR

Tab.2 T, values in different time gradient after HUVEC

cultured with USPIO and RGD-USPIO x+s)
T, E./ms
5 - B .
15 min 30 min 120 min
USPIO 4 142.0 8.7 125.0 9.2 98.0+11.5
RGD-USPIO 4. 108.1 +11.2" 80.0 +8.2° 65.0 £10.3"

¥ 45 USPIO 41 LL 4" P <0.05.
2.4 RGD-USPIO A ERL 4K WH 4.
RGD-USPIO 4 K F 40 K R0k 584 T 48 i 5 11 US-
PIO 21 24 K F0A 3= 48 3R 45 41 48 i 1R B2 o

A:RGD-USPIO 41:B: USPIO 41,
4 RGD-USPIO T 40A E i
Fig.4 Subcellular localization of RGD-USPIO

3 g

FRTIR ) 32 48 T A9 MR 6 B 51 22 A WA 1L 6k
POA, WA R T, BRI R) o ASSER R B W i
TR A% BB UL MR X B RGD-USPIO, & %L 47
BT, TG IA], BEER X bR R AR i A AT AR, I
) R S R SRR T A DG SE IR 4 SRR AR
— ARSI K2 KM 1.5 TE(3.0 T MR 34T
R Bo), /RT3 MR BE AT SE0, &
SR MR B R AR B () B 5 i X — A e 1 2
YE 5L 01 Zhang W%u Jiang 3 o] IR RGD ik USPIO
BEATIER:, T 1.5 T MR 415 o, B, HEATEA5, V5 2
S R B AR I R o, B I BE L 1) PR A i
J5i KAZ S0 A B 22T 3.0 T MR g ofn 25 33k
1T 55, A /N Bl e ) 243 20 8 = I B A e L, A7
WARHEONTER . ALK B Sy ay 4.7 T MR
Xl 4% 1 RGD-USPIO X U AIEAT 44 40 s 4%, ZRE #4
TRUEFE R, BACRBEN] S 3.0 T MR 47X/ L,
OHEIESE 4.7 T MR #EAT 5256 (I 4T

ARSI USPIO KA &, HiE 6 ~
10 nm, ©8%) 92 T I bR K sz M) 38 RGD Jik
[c (RGDIE) Ak 2 Ik, B4 Pl RGD kA7 3 4
MIksE YL, Y o By SEA I & e AT A T B
TR E L IR RGD AR I A B
FEA AT A HE 4t AL AT I 48 2% B2, 580 RGD-US-
PIO 5 A W) 45 55 1 B 8 ) 421 52 381 58 i, AT S50 IF
B, AR5 T 52/ RGD-USPIO B &5 1R 47 1
FESEME R R . g TR S R L, ARHE LA
FKiE a,B; M MCF-7 40 M4 X BT 2%, 5
RGD-USPIO #5535 30 min J&, MCF-7 20 il 3¢ [ & W
YLk, 117 RGD-USPIO £ HUVEC 40 i 3 i 4 55 5%
15 min J5 RIAT KR QL RL . o S Pl g ) ] 2
4 RGD BE 554 PEJN ] HUVEC 1 o, B, A7 5 )5
P RGD-USPIO, & 75 N A4l RGD JIkJ= , HU-
VEC K T 85 4 BURL A7 2 0k /b, 70 70 PRI H AT R 4F
(R RE S L o 3K — s 300 3ok RS 00 4 P R R AT
1, 320 T TIFE 45 S 40 O EE Ao 4 F o W b 3t
A LG R B 2k, SEET8 S R R R B, Bl A ) TR ) 48
K, gl USPIO 41 40 o 55 T b m] Do o Jokir, =5 18
“hy 40 ) AR P 2 IR A fig L B B RGD-US-
PIO ¢ R RAE

LR T A= i A A S AT AR AT AR T AL
R S o, PR A 1 A 3 AT iR
30, R FHIX 15w, A7 T I K5 B T8 ¥ 7 o %o
R 3 FRE R e A o TS, XL IR S Wt AT —

(FEE 194 5D
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g5 EPriR, MCM5 2 —Ff 40 vl 5 10 40 it 8% 5 A
AV, 8 0% B HE B 1 S ol A TR P M BT k. MCMS
BB A ey AU b A5 8 L R Py 488 5, i Lt b
A A VR AL L P 1 A s ANEURT LAAR O — o B A
AR PR A0 I A AR S » R A B8 W T A
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