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SFabml Ak MR ML PC-3 281245 5 USPION@Bn, USPION 3:32 75 #4938 3% 20 % . R Calcein—AM/PI ¥ &.7%4F PC—
3 tmffl USPION@Bn £3 755 2 % % 808 nm. 2h & 5.0 W/em? #938 X B84+ 5 min %9 PTT 2R, AR 9] IR AR R AL A 2 B4
kiS4 USPION@Bn, MR %) s A% 20 R 5Hm 2 I8 X T2WI 45 5 3% (SI) o, AR 808 nm 5.0 W/em? 49 8 K BRI 47 4R R (5
IR 22 BFhkiE ST USPION@Bn, *F B 2L : SUS K BAT) 9 AP JE 3R 4% 10 min, 3£ 48 14 d, BRI B AR T, ER A5 &S B
A BT & A A8 6 44 KAR A USPION@Bn, 35 PC-3 4 db3% 75 )5 , % USPION A& W] 2 Bk 4m i ST(15.36+9.13 vs 219.36+
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W& £ A %t 35 L[(0.5620.06 )em?® vs (2.39£0.11 )em?, 1 =—42.32, P <0.001], %518 : USPION@Bn T4k 4 —#+ 4 249 MR A%,
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Experimental research of targeted magnetic resonance imaging and photo thermal therapy for prostate
cancer

LI Jiang,ZHANG En-long,ZHAO Yang, XU Guo-ping,ZHANG Xue—ning

(Department of Medical Image , The Second Hospital , Tianjin Medical University, Tianjin 300211, China)

Abstract Objective: To evaluate the application of the multifunctional nanoprobe USPION@Bn in the field of magnetic imaging (MR)
and imaging—guided photothermal therapy (PTT) for prostate cancer (PCa). Methods: The probe toxicity was evaluated by MTT assays
which was prepared by the covalent biocon jugation of USPION with Bn. Then MR scanning and Calcein—AM/PI staining were performed to
evaluate its target imaging and photothermal ability in vitro. Then, to evaluate the MR imaging and PTT for PCa in vivo, T2WI signal
intensity (SI) of the tumor area was measured by dynamic monitoring of MR after the tumor—bearing nude mice through tail intravenous
injection with USPION@Bn. And after intratumor injection with USPION@Bn NPs for tumor-bearing nude mice, the first PTT with a laser
(808 nm, 5 W/cm?) was given, and another every 24 h, 10 times totally, and was irradiated 10 min constantly every time. The control group
was only irradiated without USPION@Bn NPs. Results: USPION@Bn nanoparticles were successfully prepared, and the T2WI SI of PC-3
cells significantly was reduced after co—cultured with it compared with USPION (15.36+9.13 vs 219.36+12.25, P < 0.001). The apparent
death of PC-3 cells was observed after co—cultured with USPION@Bn and laser irradiation. The SI value of tumor tissue of the tumor—
bearing nude mice decreased with the time after injection with USPION@Bn. The SI at 10 h decreased to 52% at 0 h, and the difference was
statistically significant (15.369.13 vs 219.36+12.25, ¢ =12.19, P < 0.001). The tumor volume in the experimental group was significantly
smaller than that in the control group after laser irradiation, and the difference was statistically significant[(0.5620.06 )cm*vs(2.39+0.11) cm?,
1=—42.32, P< 0.001]. Conclusion: USPION@Bn can be used for PCa specific target imaging and imaging—guided photothermal therapy.
Key words prostate cancer; ultrasmall superparamagnetic iron oxide nanoparticles; bombesin; magnetic resonance imaging;

photothermal therapy; nude mouse
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WU AT . T MR 3 1845 T 1 R S P o)
PCa 53 FHEE, (0 ACE R SR bR i)
AR, S PCa YRR I A Sk 12 . AT
PCa R IIAMNREFAIAYT . AR TT FRUA YT 45
J7 1%, e #IAIT (photothermal therapy , PTT ) i 11 i/t
21 4% (near infrared , NIR )75 5 Y6 VG # A B LR '
REFE AL FAEE , A B e 8 240 L o AR B Bk v
S AGCI IR AN, BARSHEE | AT P LR AR 7 A
VEFRAEAH . PRI i 5 MR 231 U A PIT T
— R AR BE AT LA DR AZ 58 MR X PCa 10
ZWHBUBPEBAR A R, AT RLZE MR AR i
NIR RS BEAT PTT, [R] 25 52 850132 W Kokt i eg v
IRITVE R o 8 /)N 8 A 1 48 Ak 42K 9K (ultrasmall
superparamagnetic iron—oxide nanoparticles, USPION )
1SR i A Fe05.Fes04 B SE K R 2 I BB 21
B, HAR/NT 40 nm, G877 AR SR LAY MRT2 B 14 XF
BB, B A S 1) T A 38 52 541 3 s 2 B0 A8 3K
A, HERTH B e i i e SRl 2 BB AL 7 1
IR SR FEE RIS s EEAT HE ), NIR
JGA75F USPION G4 AR 7= A GG, it
USPION #{iES2 0] FH T NIR D6/ F (% PTT. A #F
FER B, 5 W R B AR (gastrin—releasing pep—
tide receptor, GRPR ) 7£ PCa 40 fifd I 155 23k , 1 i f7
Z (bombesin, Bn) X BA SRS . I, A0S
PR A>T 184 USPION@Bn, I3 Ffif A RT3 A
SRR USRS, P A S (AR #E [m] MRI A1 PTT
AR ] o

1 #RFFE

1.1 USPION@Bn ¥ %] & % & 42 F5EARYE Xuan
SRR A R #L A B USPION : 4 FeCls-6H,0
WIGRTREN A TR T = & —FEh I i P 2B 2
5] SRIG RS BN, T 200 CENL 10 h, 124
BEG, K CEEHRBOK, HA TR 50
USPION. USPION@Bn il #7712 0 F 9 ML 5 mg
USPION 7243 4 mL (1) PBS ZZ M, A 2 mg
1-(3- W BT ) -3 - & Bk ik — 0 e #h R 41
[1 —(3 —Dimethylaminopropyl ) =3 —ethylcarbodiimide
hydrochloride , EDC] $i£# 10 min 2kZE /I A 2 mg N—
FIEBEFAME W A% (N-Hydroxysuccinimide , NHS) , %
MR ERZEREPE 30~60 min; BEJS A 100 wL Bn 3
(5 mg/mL) , EIRFFEEIEFE 4~16 h; #EHE 5> 2 7= )5
JiI PBS G2 th i Ve Rk . il # ) USPION@Bn
URTIRE 4 COAFA . X SRR ATSS (XRD)
SIATRE il A RS 5 3 G L B (TEMD R USPION
FEGBTE S ORLAR KORLARS 3 A 1 00 5 IR Bh AR A o

THOVSM) 43 HrfiERE s MR UK USPION f4)3 i —
BRI s A AR LT AR (FT-TR) /%
Ab2E 5L, B630E Bn 55 USPION 275 M 056 5 22 4h—
A DL =3 2T A0 3 SO G BETHI R e B2 R 100 pug/mL 1)
Bn Il USPION@Bn ¥R WSO TS o B0 a8 (7%
O AA PR 7], LSR80SH-FC-5W ) AUt
PHZEP K 808 nm, TN 3.0 Wiem?, 4351 BRIk EE
0.0.25.0.5.1 mg/mL, A4 1 mL () USPION@Bn ¥
W 10 min, WEIUELEE AR Ak, 2R 4R
1.2 0 B3 I BoAr AT 7)) R % AR ROBE ANy 2
= NHGFI IR PC-3 4 fh FR RS20 = $2 418, H
& 10% G410 (FBS) AY RPMI-1640 1555 5 7F
37 °C.5%CO, M Fnie B35 F4H (SANYO, MCO-150)
TR SR R A A K XY, 0.25% KB 1L
Y, T TR

OB PC-3 411, 0.25% RN AL, FIJC
i A B R 7K A0 B S 5 BD Matrigel S8 IR
FFREH5) . B 200 pL FiRER (% PC-3 41
2 1x10° )42 5 LA R ([ B2 B2z e e 2
S S YIREFEET , 6~8 JRIIEIEME BALB/e # )4 E
KR R K AR R 10~15 mm I FH THE AR SESG
1.3 USPION@Bn P #A4& i FH H Jingeme Ik o me
( MTT) A5 USPION@Bn X PC-3 4015 1115
M o K5 X EOH Y PC-3 4L 0.25% R L5 , LA
AL 1x10° A~ 1% BE A T 96 FLANRM B 24 b 2%
FH(EFLF S 100 wL RPMI-1640 5353, ] PBS 2%
MR L ] 0.12.5.25.50,100.,200 pg/mL ¥ JiF 6 JiF
) USPION@Bn ¥ , 76 I3 96 FLAN LR 77 M A5 fL
MM 3R B2 BT 100 WL, 4536 B2 41 6 4
AL, AR SR SR 24 h a2 L BELINA 10 pl.
5 mg/mL MTT 59 & 90 L RPMI-1640 5 555 , 4k
SEEEE A Ja R B, A 100 pL —HSEIEO,
FRIRYR 700 T A ) o TRl 2 IR R R
HORAN MTT (240 L Kz 100% 20 i A5 7725 (1 %t
HEAL (BRATN USPION@Bn 4, HASEEAE Y AITR] ) ,
1T 3 FATSEE . BRI A e R A % 570 nm 4k
AL B G E (OD)E, 43 2H 4 A7 16 % (% )= [(FF
i [ OD SEXI{E -25 1 OD S48 )/ BR 4L /Y
OD “F¥{H-25 [ OD “F-¥ME ) 1x100%, 11541 i
AR, B3 IRAFTE R (E A USPION@Bn
A
1.4 USPION@Bn & 4F MR mA% K 100 wg/mL HY
USPION ,USPION@Bn 437 5 PC-3 M55 5% 24 h,
THVE TH AT WA 2R A, AT 20 A, PR 2 40 O
WL 6x10° I RPMI-1640 335 5LE 22100 pl,
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T3V A A A B )R T 506 1 40 Sk xof B2, R
3.0 T MR (Siemens,Magnetom) T2/TSE ¥4 # 1741
i, 280 = A TR)=7 500 ms, [8]9% i} 8]
(TE )= 80 ms, FOV=200 mmx200 mm, J=/5=1.0 mm,
fifi I MR BC A8 0 B T H 45 2 oty 3 mm?
HIZERIE XA E R ISR X (ROT) , 315442 T2WI
5 SR (SDH.

1.5 USPION@Bn 4k $) PTT 5 3% R H 45 ¥ &
F-AM(Calcein—AM ) FIHLAL P E (P RO 20 i
FIFEAHML A TR DY o, ELITANARSE PTT 2L
H B 100 we/ml Y USPION@Bn 5 PC-3 4 i34
F% 24 h,PBS ZZ #h S TR 3 Wk, BALIA 100 pL
RPMI-1640 3574, 5 Bl K 808 nm L% 5.0
W/em?® BUBOGTEE B RS 5 min, KERE;FE5E, PBS 14
YE 3 W, EFLIA 100 wL Calcein—-AM/PI( Calcein—
AM I PLEE 22514 2 wmol/L F1 4 wmol/L) W,
ARELIE R 15~30 min, I I EHOGIE R W0
(OLYMPUS ,FV1000S-IX81)WZE4H 0 . 545 nm 7
Kk, nTMERBRRICA LAY LT 5t , 490 nm
WA, ADUEEEN il SR TE 4R AN SE AR i Y 2 £
L7, /R E 4 4. 5256040 (45 USPION@Bn,
AWOCHRI) FREPX IR (G USPION@Bn, L0
1) oG R (I USPION@Bn, 47 OGRS ) Fizs
FIXF FRZH (JC USPION@Bn, TGO GRS )

1.6 USPION@Bn &4 MR mAf  Hs (R FRAH Y
AR 6 H, IR, 28 BRIk g
USPION@Bn(500 pg/mL, 100 wI/H), 3 517 (0 h) &
J5(1~10 hy43 %5 3.0 T MR\ T2/TSE J551) 35 BUeE AR
%, 4S8 TRITE =7 500/80 ms,FOV =200
mmx200 mm , J2/5=3.0 mm. WLEAS R A i) o5 firb g 41
LUNE T B A AP E 5 B 2 IXBIE S ROL,
N e s 20 mm? BB X STAE, AR
PR ERUIRE G ST (ECAIIE 3 4> ROT J5 YSF31E , 4
SRS B[] 208 ST Y8 e brifi 2z .

1.7 USPION@Bn &/ PTT 5% W fisea i RUHEHL
SRV, A6 K. LI & REFIKE S
USPION@Bn (500 pg/mL, 100 wl/ 2 ); X B840 . H7E
Jebfa SR A IO G RRSS o fardRl MR R RIS, 1
P 808 nm, TEK 5.0 W/em? A IE S Ardag 3 457
10 min, FEFRAE b d LIRS 14 d, BRRIAIRG
24 ho WO EREST AT 5 A 2R BRUR g i A K
B C MR R (V) ARy V=Lwy2 M
o LARERMIE KA, W AR MR A, BB em) .

1.8 it as R SPSS 19.0 B/ Ml
A IES AT EE L) x4 78, USPION@Bn

PRAN MR AR [R]85 R B R 2 225007
KBNS ¢ #5670 HF USPION@Bn VESTHT 0 h 5%
S5 10 h #1 BRURE X sk i ST A k22 5%, SR kAT
FEAS ¢ K30 A B i AR IibRE PPT S Hh S84 5 %6 1
PO RAT JE R R 2= 5. P<0.05 hER
HAEG 2 L.
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2.1 USPION@Bn #9#) & % F& 42 USPION #f i iY
XRD FEE (E 1A) s 32 BT B A0 B ) 7
30.11°.35.45° .43.09° ,53.52° .57.14° .62.59°, 144
FesO, FBR I B 3 b A7 0607 1, 0 58 BT ol 4 19
USPION Hf fit A 21 BB R 1) Fes04 KR, TEM
k7R USPION N ERIE , Bk o3 A 53 50, Ki AR 29
6 nm([&l 1B). USPION Ayt M:REan & 1C Fros , Wi
2 A JF N f A S i 2k, I USPION H AT
AR o 388 ) P AN [ B R Ve FE 1Y Fe, X USPION
(1) T2 5t B EEHEA T AE , A5 5] USPION (15th B %
47 85.3 mM™'S™, Xk 0~200 pg/mL 1 USPION
VST MR T2WI 94, 25 R an &l 3A iR &
USPION ¥R EE 38N, ST 2 HiF4AI%, USPION B H 4
U1 BR M LB SRR o i FT-IR 43 51 R 4E
USPION .Bn L)}z USPION@Bn, USPION 7£ 1354 cm™
fbJE H-C-OH (28 E IR B, 1 460 F1 1 571 em™ 4k
“h=COO— [ X B A 4 4 20 AR A e AR = o o A 4 4
Bl , 328 USPION R HIf77E-COOH, £ 1 620 cm™
Ab K Bn Z K5 FH N-H B Za 4R sl fE g . Bn 5
USPION MBI 76 1 662 em™ 420 M R EERE T 471
FRIEFFMEWE L) K 3 324 em™ WY BUBERE 11 47 89 N-H
(44 SN, SIE B USPION AEh{HIBESE [5] 43T Bn
(F 2A), A=A WEIOERER (K 2B) EoR
USPION@Bn 7£ NIR I+ PN H A7 4 58 0 I e
{EJCHA W, 1T B BRZ8 R H PR 8 0 A0
USPION@Bn (RSN J) 2 52 g 25 S Kl 2C i
71, I A RS S T A B, T 2 30 4 KO 5 vk
S IEAHSE, 10 min BF USPION@Bn 2H I8 J3 3 5 7 5
11.3C.14.2 °C.19.9 C, Mi/KALTHE 5.5 Co SLHRLE
W] USPION@Bn HA7 R A4F 080 7
808 nm PO MG R H B A8 e B R B ()44 ot
(I EFARI .

2.2 USPION@Bn % e % 1 52 % USPION@Bn 1
A TEIESCI 45 AN 2D fFR . USPION@Bn (0~
200 pe/ml)5 PC-3 HHIILIFE 24 h J5 , H AN Hu 7
TR 4>90%, 57n USPION@Bn %f PC-3 4ififiA: K
TCH R . %45 E W] USPION@Bn A B4y
IR AR PEAR
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2.3 USPION@Bn 1k 9} ¥e.v8) sk, 4% % PPT 5 ¥ US-
PION@Bn HYASME [ UGS R ANE3B s, #5202
g e STAE N 3C fr s : PC-3 4 ifl 4351 5 RP-
MI1640 4 g 15 3% £ \USPION (100 pg/mL) & USPI-
ON@Bn(100 pg/mL)FE5E 555 4T T2WI 4944, 3 414
1§ SUEZE R HA Gt #3E L(F=3 540.34,P<0.001 ) .
USPION ZH 20 T2 ST B2 FE 1640 4RAEET SR FEEAAIK
(P<0.001),USPION@Bn 44 & USPION ZH 4l fits T2 SI
HAK(P<0.001), iRz R ) 73+ Bn Al
GRPR 19451 B $5 PC-3 Ui %) USPION f) 4%
I, DT Atk — 25 SEBAAR P PCa 19 = 304 S A
FEHEILAY . USPION@Bn FRSMEHGHT T RO G E 4
J7R AN 433 USPION@Bn 4b3(B £H) i & A A 0
RESF(C 4SBT , A A 25 B S e T (AT
DK ISR L (075 A1) ; 4, [ H48 USPION@Bn
b FRFNHOE BRGT (D 4H) R S5 F T, nl fE L R A
WA AR B K LT Y i FET -4, 2 USPI-
ON@Bn # KEHNHFA PC-3 4iliN)5, Zid 808 nm
() NIR & AT 77 AE BRGSO, X PC-3 4l
FEHERER

2.4 FEARRY B ¥ s R AR B AN PPT £33 K
USPION@Bn 2% U2 bk 2 25 21 far 75 R BRUAA N A 7
T2WI 34, BURZE R A& SA PR ESTHT(0 h) , 11
FIRRIETE T2WI F 52 555 5 VS R AN IRl s (] 6, i
SR ALY ST B A RFLEREAI, 10 h ST R FE 2 0 h SI
(1) 52%, Hi# 25 HA 50 45 X (1=12.19,P<0001 )
(K1 5B), TEACHIRI AN 6A 7R, £ 808 nm
BOGIE 2 FUR 14 d J5 , 5250 20 (735 USPION@Bn)
MR IR AL 9 H R A0 Hh IR BE I T IR A0 , i
X HRZH A BR 2RO G IR S AR AR ek As . OBIR
SRS, iR /N H I S50 2 A B e A AR
7 LA b 3K T B ZH A ek e A K R AR
FRASHOE RS TR S K . IR IR B 45 SRR W
PO RRRTAT, POZE IR AR FROC I B 25 5 (4=—1.91, P=



552 25 UL, 5 A M 1 R AR DL IR T R S 5 T 97

0.09) , T R S0 560 24 P e (A R B i /N %o e
M, =R BEA SR E L (1=-42.32,P<0.001 )
(Bl 6E). iR %k 5L 3k W] faf 53 A8 B 28 i Bk 1 S
USPION@Bn Ji5 , USPION@Bn A # [ 43 S S 4 %
PCa #B{37 , SCEH PCa FE SR ] MR RS0 R, 38
it NIR JESIXT PCa KA T PTT, SC3 MR /-5 F
(1) PCa K51 PTT RY7 .

P
A 900
0.01 0.02 0.05 0.1 0.2 H,0 [ * 1
6001
B
; i
PC-3+RPMI-1640  PC-3+USPION  PC-3+USPION@Bn =
172
3004
f * 1
600 [ el ey |
B 0= - -
0 1 2 3 4 6 7 8 910
4004 /b
z — * — AN ) 5 5 AR 4 40 MR 1A% B Rg X 3k ST {8, *P<0.05
2] N N
il 5 USPION@Bn HJi% & BhE s E A 15
Fig 5 1In vivo MR images of tumor —bearing mice injection with
C 0 USPION @Bn nanoparticles

PC-3+RPMI-1840 PC-3+USPION PC-3+USPION@Bn

A.USPION (¥ B ~{5 58613 ; B.PC-3 404351115 RPMI1640 4iJf1d%
F79E (USPION J USPION@Bn L85 3% 5 T2WT 44414 ; C.PC-3 4
JLfY SIAE, *P<0.05

B3 s MR BB

Fig 3 In vitro MR images of nanoparticles

27 7 ,— * —|
2 -
= mE | e
()
._; \Q, 1.8
o =
=
RE
_ E
[~}
= 0.0
> £ S %
£ AL IAY TSI AT 5 C. X BB R IATF 1D B4 8T T 5
(3
52 E. S8 20 15 %7 HE VAT TS IR AR LA, #P<0.05

B 6 808 nm FSLIRSTEI/E AT L B

Fig 6 Representative photos of tumor—bearing mice pre—irradiation

A.JE USPION@Bn, i R4t : BAT USPION@Bn, JEHOE R4 ; C.0C
USPION@Bn, £ #0% #8541 ; D.AT USPION@Bn, 4 0% iR 4T

B4 AEGEBAMBPNELEHBLHRERREE

Fig4 The confocal laser scanning microscope images of PC-3 cells
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I3 T AKX PCa B4R SRR ] A, AT H2TF PCa 119
g, e BENAR, A5 USPION 5
Bn AHIESG, T2 BIMEXT ok iR 325200, Bn A4
Y1k AR LA RE, i PC-3 gL i Z 1R 5
AT Y7 2 AR B USPION@Bn, A7 %5 AR 41
T2 {55, HIHPRACR R TORE S M w771
USPION &, XA T USPION@Bn &%, #E1h]
MR BRI H . TR RBE TR R th T USPION@Bn
X} PC-3 B IR (R E S e MR e VE R, far g U R 358
PiAEF S USPION@Bn Ji, iR {55 St i Sl Ak 4
P, UEIIERATTETESS IS 10 h PYASINT i) i 8 07 5
£ ARG LR 40 Bn {f USPION@Bn 541 fE%
R[] SR A 5 51 2 bygs IX ek, 3 3 A2 Ak A PC-3
TS, SEL T RAFIRESL, AR PTT
IRIT PR TR

Y KHRET USPION@Bn AXHHA FAFHY MR X
LU SR AN , 8 AT 7E NIR 3% T = w45 13t
PRI, SRR GRER AL R GE . USPION@Bn 7
808 nm PG HEET T 10 min HEAH 14 IR BE e sk FH
W, AN PTT 05 8 o 1% A0 40 e XU BoR , 5
USPION@Bn 38535 19 PC-3 40 i 28 1 30O e S e
KHEAET . THK PTT SCERARUESE T USPION@Bn 52
U ARSI AR i G i G u N =B AN = 3D . I
S O R 10 ) 2L Py B S 14 K, L S 5 241 i
IR AR 58 A TH O, o3 B LI R AT R Ry - OB IR
SR RGBS RIS R, BRI T USPION@Bn 119
FHRESCH ;. BE% USPION@Bn ¥ 40 At 15 A T B il A
R AR, R & SE Y USPION@Bn Fifi 22 ik /b .
{H 2 38 4 %) [ 5236, USPION@Bn 7 380G 4 FR 5T
it S AT AT 230 b A ] i 978 79 A2 4, USPION@Bn 7 i
SR E S, #E NIR #E M tReE L #aE, 4
g e kb X R RS SR B 40~44 °CUA |, SFEUMIE A
ZURIE ., PCa MLGIRTT I AT — 2 1 R B4 HL X
B ASH R R R0, 1 PTT HAA AT K
RIEH P 529697 AR s, L BB A8 A7 RUC LK i g
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