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PEG-GoldMag-pod 20K Htric FL AR itk B & N B2 40 Ba B (R shrgg iR UG T 3R
Mo A, ZBAAR, TR A, SRAR AFE (400037 Tk , 45 = 20 K2 b IS Bl it Bl )

[E] HAIY B8HE LB (polyethylene glycol, PEG) |4 ¥k ( GoldMag-Coreshell, GoldMag) 14t podoplanin #7;
AR FERE R o 3 EL A P B AR A REPEGRORL . 7 R TSl dk = H SR Ak £ ( cetylirimethyl ammonium bromide, CTAB) (1
AT N RH PEG 21 GoldMag il 5 7K ¥ 1) PEG-GoldMag & &0k, 44470 podoplanin ${&%Y & 5| PEG-GoldMag 44K ki I
il % PEG-GoldMag-pod 43 F-REF IR AR X S8, R /N E AR SN 5 N HOM 45 79 B2 40 ( Human dermal lym-
phatic endothelial cells, HDLECs ) [a] L I8 Kk B 45 N B2 20 it ( lymphatic endothelial cells, LECs) 43k, FHERME 4510 5.
10,1530 45 g/ mL. () PEG-GoldMag-pod 44 P A1 i S0 HDLEC, L 1IR3 s XAk FE kb 04
HEAT MR R, T fbnic UM 155 SR R A, LAoR 15 (9 HDLECs xR, 858 BN G A T 7K H PEG-GoldMag-
pod GKAFTHREF . FEERHRIE S>30 5.10.15.30.45 we/mL i, 15 5 /5 i HDLECs F1oR 175 S HDLECs fFRiCECE S 3
H7:(39.65 £3.48)% . (71.37 £3.07)% . (91.36 £4.87)% .100% ,100% #1(22. 61 £3.68)% . (36.40 +4.06)% .
(70.13 £3.61)% .(91.40 +5.45) % F1 100% ., £ M40 5 )5 09 HDLECs Bk 35 5 1Y) HDLECs HA T & i ARic A
PEA (P <0.05) o FRiCAIfIr/es M MR _ERERS ™ A WL AR S0, LA T, WHE SRR . 458 SRHAI PEG &4 nl
VIR B HEK LR PEG-GoldMag 44K, #F— 2L % PodAb J5 A 5 MARIC LECs, 3@ X471t 9 LECs #£47 MR A
BT LR B4 L podoplanin (Y FRIAF L .

[ KR ]  BREHOR ;2R £ B podoplanin;; #H I A A B AN 5 4R 5

[HEZESZES ] R445.2;R737.9;R981 [ XEtrEMR] A

PEG-GoldMag-pod nanoparticles labeling breast cancer lymphatic endothelial cells

and magnetic resonance imaging in vitro

Yang Hua, Gong Mingfu, Zhang Song, Zou Liguang, Shu Tongsheng ( Department of Radiology, Xingiao Hospital, Third Mili-
tary Medical University, Chongqing, 400037, China)

[ Abstract | Objective To build lymphatic endothelial cells (LECs) -targeted PEG-GoldMag-pod nano-
particles with gold magnetic particles ( GoldMag) modified by polyethylene glycol (PEG) and anti-podoplanin
antibody (PodAb). Methods PEG was covalently bound to GoldMag to obtain PEG-GoldMag nanoparticles
mediated by cetyltrimethyl ammonium bromide ( CTAB). PodAb was covalently bound to PEG-GoldMag to
construct PEG-GoldMag-pod nanoparticles. The characteristics of the PEG-GoldMag-pod nanoparticles were
tested. Human dermal lymphatic endothelial cells (HDLECs) were incubated with breast cancer cells in Milli-
cell cell culture inserts to acquire breast cancer LECs. The breast cancer LECs were co-cultured with PEG-Gold-
Mag-pod nanoparticles at iron concentrations of 5, 10, 15, 30, and 45 pug/mL separately for 24 h. The labeling ra-
tio was evaluated by Prussian blue staining. Magnetic resonance (MR) imaging was performed to the labeled
breast cancer LECs to investigate the signal characteristics. HDLECs without induction were used as control.
Results The water-soluble PEG-GoldMag-pod nanoparticles were obtained successfully. Dose-dependence was
observed in the labeling efficiencies and MR images of the labeled cells. The labeling ratio and signal intensity
(SI) of breast cancer LECs were significantly higher than those of HDLECs. With increase of iron concentra-
tion, SI gradually increased in SE T, WI, and decreased in FSE T, WI and GRE T, WI. The SI in T, WI was
significantly stronger than that in T, WI. Conclusion The PEG-GoldMag-pod nanoparticles can be used to
label breast cancer LECs. MR imaging of the labeled LECs can reflect the expression of podoplanin on LECs.
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PR T A SRS PO 0 L At B e DL R IR b
T RS R LN B W WL R i AR, S R FL IR 40
BRI BIA T T R e B N Z 22— R
TP Ik L T % 7% 10 TG SRR BE XA YT 7 28 B e PR A
A HEERE X, Podoplanin 2 ik 148 A J T Wb 25— Fh 48
MREREEE 1, BE DR 4 PN Bz 40 R 266 B L A2 47 AR bk L 48 A
Ji 5 Podoplanin 4 5 P 36 38 T A8 K rh R G 9 /N bk 2
BN B LR T, TR I N Rk, R
AR ES PN B2 20 ( lymphatic endothelial cells, LECs) #5
U #E podoplanin [ R 2L 4E ( magnetic reso-
nance , MR) A5 B2 45 S P JHU00 20 9 10 4 12 A ol
TERT IR IR A1 E L UEH GoldMag R[5 MR
IR AN AR BUR, HE T GoldMag i £ 1 73 1 R BE
ARFRC LECY ™ SR, IR S fefa e k22,
25 oy 3 PG R R S T SR AR 4 (R, DT AEAR R AR JEE
BRI T A S R R L R, T R Y A
], L Bt 9 LECs 5 N L Rz bk U 48 P 2 48 Ffd (human
dermal lymphatic endothelial cells, HDLECs) f] podopla-
nin KK REAFIEZE S o PRI, FEAAH R FRAT 400 R H 30
KR & W (PEG-SH) X 4 % SO 26 i #4758 4318
1, #H PodAb 55 & O R I IE BURE S o F IR 5T
PEG-GoldMag-pod , I 4% 10 FH LB Jia Ik L0 45 PN B
AHMIRIRL, TS T PEG-GoldMag-pod #£%1 i) MRI .
G 2L e b L A8 A AN (L

1 #RETE

1.1 PEG-GoldMag-pod #4 ¥ %3 4] & B AR & S F A5

2% Chao %7 IR AE 75 5 = HE IR 8% ( cetylirime-
thyl ammonium bromide, CTAB) f4~5F % FHIAXT 70 T i & 4
5 000/ 37 382 7, i ( PEG00-SH) ( Sigma, USA ) &4 GoldMag
(PePadt SRR R 7 ) 145 /K % 1 ) PEG-GoldMag 52 4 il
L, AR5 B T PBS XL ZE K B 10% JiG 4 i v il b 7 i
FUEIRRAEE, SRTRATRTII S50 19 73 D O 4T podoplanin Hi
14 ( AngioBio, USA) R H“—41:"” 454 5] PEG-GoldMag 4 K Hi
414 PEG-GoldMag-pod 4T FEF , 5 5 1 T i B 5 ( Tecnai-
10, Philips, Holland ) F W 2% GoldMag ., PEG-GoldMag }; PEG-
GoldMag-pod [\IEZS FIRL4E . i AR{X ( Sunrise, Tecan, Switzer-
land) |-3% ] ELISA SRR J2 .05 30 52 PodAb 5 PEG-GoldMag
ZELTHTG R D(460) {H . Zetasizer #0GH B/ ( Nano 2590 , Malv-
ern England ) £ M H w437 Z-F 35 K0 42 SR G W) 0 R B
(polydispersity index,PDI)
1.2 4k9MEF HDLECs % $LA% % LECs 94t

%:7% Mikhaylova 255 (7556 , RIN/NEH S IEH KN
B L 1 2L M 9 O £ P B A 43k o K HDLECs ( ScienCell,

USA) 4% FE 5 x 10°/FLIERN T 6 FLAR, e A P i
12 h 4NN BE SR G 35RO S x 10°/FL5 BE N LRI 40 i
MDA-MB-231 (55 =& R 2F A Y b 2= it 2= B ) (1) Millicell
/g (MILLIPORE, USA) it A 6 FLARH, 4k e 15 5% 3 d J5 sk
6 FLAR PN B FRAIME A TJ5 225250 . Xt H AR 4017 podopla-
nin Fl CD34 Ges e Ye 8 T fif 2421757 J5 ) HDLECs (¥ podopla-
nin KX FL, AAE S %) HDLECs R4} R,
1.3 PEG-GoldMag-pod 4k 44772 LECs

2 FUIRE A0 75 55 1 HDLEGs 15K % 5 4 HDLECs L
NMIEEIE N 5 x 10°/mL R0 FAli4 PLL #i4b B 35 % F 196 1L
M, B LR IR e, 40 1) AR AL ARk ol 5.10,15.30,
45 pg/mL ) PEG-GoldMag-pod 3L 55 3% 24 h, HUH 35 3% A, PBS
Peig e 4% 2R P EEE G, TR e Ll amE HE
WAEE TS R BRI A AR R 20 A = A5 L BT AT 4
Ma v, TR AR I PR R = WLET Py BH 1 40 A 25 10 BT P 40
] x100% , LAAE T () HDLECs %]
1.4 Zmh ke MR &%

gifabRic A Lo Aric4ifell PBS FEE T 1 mL EP 4%,
HMEEE EE S 2 x 10°/mL, & F14 0. 6 mL, ) PBS Jy % Ig, F
3. 0T MRI 49431 ( Signa HDx,GE,USA) I 3% 8 i@ 18 3k fi2k pel
AT 2D Z 2GR . G & BT (FOV) 19 em x 19 cm),
JZIE 2 mm, )2 0, 5 &M [ 256 x 160, 43417 SE T, W1
(TR =380 ms, TE =20 ms),FSE T, WI(TR =2 000 ms, TE =
46.4 ms) ,16 [8])% T," mapping (TR =400,TE =2.2 ~55.4 ms)
J GRE T, WI (TR =400 ms,TE =12 ms, Bi%5 0 20°) H#. 1
[fi]— 2 L H 15 mm® (R JEO4HR X IET 715 598 (signal intensity,
ST) 4 , 454555 B AR KA AST, ASI = (SI,,-SIpps ) /Slpgs X
100% , v, SL, S AR 5538 B, SIys b PBS {5 5 50 2
SRH GE /AT ADW 4.4 TAEM: A5 T, $X{44E T, mapping B4
TR T, {5
1.5 %t om

BAEII R SPSS 13,0 ZbFR, 3 WER L x £5 R, A
6] e #5R P A ST AREAR ¢ K

2 #R

2.1 PEG-GoldMag-pod % K 458~ ms B AR X A4k
PEG-GoldMag % 4 B0 7T LB 5 4 BT oA o (147 00
FKPBS W& J 10% Jif 4 MLIE ¥ W) /02BN A R K BT ER
(B 1), 7EET GoldMag Fll PEG-GoldMag £ R JE U B,
GoldMag k748 47 40 ~60 nm, -3 48.5 nm( [F 2A) , 554 PEG J&
1) PEG-GoldMag 22 P 2 255y, FoAZ 0 Ay 18 FLF % £ 11 GoldMag,
HNE IR PEG, HoRi 42 R 60 ~ 82 nm,F-34 66. 8 nm, 4% |-
podAb JERIAZAZE AN K (B 2B) o podAb [1¥V-1 D (460) {E
0.88, 73> FHRE 4/ D(460) {H M 0. 37, podoplanin 5 GoldMag
IS5 Hm T RN 42.05% AT ELAT B i v v, REIG L 1) 4%

BITE,
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M E 5 HA GoldMag & T PBS #F #= PEG-GoldMag % F PBS,
A A 10% b2 f i P o EP %
El1 GoldMag #1 PEG-GoldMag 41K %ia FiktaEEA BTk

A GoldMag ( x160 000) ;B: PEG-GoldMag-pod ( x93 000)
E2 FESETFEMENEHNKNNFSE

GoldMag A1 PEG-GoldMag (1] Zeta Hi{vi \ Z-5F-¥J ki 4% J PDI
L3 1, GoldMag S 1EHL fi , 2 PEG J5 4Kk HL 17 1A B 12 2
Ag SR, B — A BB B 9N K ARk 52 67 v Ao, L PR A7 (34
1 ; PEG-GoldMag-podAb ) Z-F-YRi 42208 72. 5 nm, i85
5], 2R KT LB T RLAR, 3K TT R S 4 K A W B T
7K 53F , DLS BEWLEE S 3 A G0 KR i KA Ri A2, T FEL 45 AN e
WIRGEE MK I3 T, PDI R WP RN ORL 1) 52 5873 ik

&1 DLS T GoldMag 1 PEG-GoldMag-pod 4K $i i) 2 £ bk %5

YKL AL (x s, mV)  Z-FHPRifR(x £5, nm) PDIL
GoldMag 15.2£5.2 49.9 £8.6 0.071
PEG-GoldMag 14.4+5.6 68.7 +10.8 0.072
PEG-GoldMag-pod -17.5+£4.0 72.5 +11.3 0.075

2.2 4R9MEF HDLECs %) #LA% % LECs 94t

HDLECs 7£ podoplanin £1 CD34 S¢S 41 4, ( podoplanin)
g e, (CD34) 9, A MR £ 8K 6,000, FLIR RS 505 1 2L IR
Jii LECs 1) podoplanin 3 {8 %0 i %¢ Ot W 1 58 T oK &b B i1y
HDLECs , W% ] Millicell /)N 233 35 fe A5 24195 5 HDLECs
[ g LECs 4346 (18 3) o
2.3 PEG-GoldMag-pod #77% LECs

2 €5 0 L P AT LK R e UK, 2 W PEG-Gold-
Mag-pod Z4>K ML RE 45 1l HDLECs , B ic BH 14 5 Fifi 15 5 ¥k & 1) g
Jnmisg . HEEFE 24 h R BLR, gk BE D 5.10,15.30,
45 pg/mLi, FL R LECs B bR 30 803 40 3l hy: (39. 65 =
3.48)% (71.37 £3.07)% . (91.36 +£4.87) % .100% #1 100% ,
K755 80 HDLECs BUbRiCR 5070 :(22.61 £3.68) % . (36.40 +
4.06)% (70.13 £3.61)% .(91.40 +5.45) % F11 100% , FLIg¥E
LECs %A 755 1) HDLECs HA 3 & (bR id BHE 3 (P <0.05)
(El4), BELFE A48 h, 5 Uk A AT AR 0L b i s

100 pwm

AR %2269 HDLECs; B: 22 U % 5 509 S & LECs

3 HDLECs # podoplanin( £I &) 1 CD34 (£ &) G & 5 F R
HERMNE
(ér'_i? 1 =
>«
?@ 'k‘/' ® ‘7.;,}';
A &
AR N S U8
A: k% 49 HDLECs;B: $UI % LECs
E 4 PEG-GoldMag-pod ZKftRiEEMMMEE LS ENE
( x400)

2.4 tmfp &k ey MR AR
B B LGN, 72 SE T, WI |, 40 i e W i 15 5 1 &
LE1B T} 7 FSE T, WI f1 GRE T, WI [ {5 B30 BE B #i F K&
LI GRE T, WI gt Z8 8 B |, GRE T, WI %¢ SE T, WI 1 FSE
T, WIE U (P <0.05) . T, mapping {7 BE& ¥ B340 T, {8
BB, ARV JE 430 R 510153045 wg/mL B, LR g
LECs FIA1% 519 HDLECs (1% T, {85435y : (193.48 = 11.37) |
(66.25 +10.86) . (47.14 £3.52) . (38.28 £2.47) . (35.14 =
2.65)f1(196.04 +13.63) . (124.47 £9.67) . (81.65 +5.70) .
(51.37 £2.14) ((41.52 £2.24) . FLHJE LECs /15500 Bl
IR 5 HDLECs B2 W S5, {F il 25 4 o B A 185 o, — 35 19
SN, FUBR R LECs 4 & WA T, WI.T, WI F1 T,
mapping F&ILE 5,

~ QIOIOIOIID
w000 © 00
s eYoXolle(® o

T, mapping B, 7 &N 3 -4k -3% T AR F T, A8 3% #7 AR
Bl 5 PEG-GoldMag-pod 4K #itric ZLARME LZCs ) MRI R I

RGO T AR 7> TR R T Bl w3t
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PRI AR BT W LR BG5S rh BB i g
J7 1), & e A R iR 15 R T B ke Jo ) s b AF 5 T
PR A= P 20 B P9 1) T S BEDIRAS T B 43 72
BIFEEAR . o8, T LA R I () oy e i =2
R SRR ] YA T R B S AR R A e T
R S FLIR R A DL A A Al e A S
A Ik ELAS R B TR 1, BB T L IR R ik
A BRI, R PP 2L T 100 I 2L 2 A DRSSz B R i) 9
TS AR B IR T T AR A T A TERE .

O FIRE R R HEAT MR B GE 58 A SE A, 28
RS T 1R I HAT U0 R e 5 QO LA B R v 5
QKA AR e M QR R I REAL R BB 5 [ A
FEIZH 2001 S () 5 0 s DR AR “A 06 R AT, &) T84
ik SRS T @I . EIRATRII
5T EL 2R T 5T GoldMag #9%E MR 4344 19
AR T Al ColdMag REASE , A5 5 BAEM
DURRL, DR o B HL b AT K s A B IERA
A S £ G T L) s H oS ) AR g v, Itk
— A I X KR I P AR PE Y S E PEG
B R 4 e E S PEG s K B —EMX AR,
K HAHRH 3Bt 5 000 ) PEG 146 i) i i 4 A
Era e e . T PEG-5000 #18HHEAE Gold-
Mag AT, AHXT T /N B 1 PEG, HIfAS B I 34 n
AR TR AT R A B ER BT 2R AR
= TR TR, X2 B T PEG MR 1 BBl 7K 45
TR T BRI F MG S 252421 RA% PEG 1Y
B4 2 — 0 T8 BE 1Y 52 W 4 R OB Y B AR 2K 2 RE
F B IR AT BB G A5 R R, BR AR T
42. 05% s M, HAR M bR 0 52 5628 B BT B 1)
RS PN R A, S B4 podoplanin i ZRAE L

FH T DA ZH 2R 43 B A LA P R 20 B s e A D
HEE SR, HAT2= AR A 2 R H HDLECs AR LA fift ok
I bR LA PR R A R e DA R I MR, AE 9T R B«
Je8 2 M 55 4 R ) 0 b — S 1ML AE° A S PR 7, AT R
R 0 M % A 45 R R A AR T Khodarey
290 % F] Transwell /N2 4 A 80k P9 B2 40 g ( human
umbilical vein endothelial cells, HUVECs) F1 A #f 25 &
FudEd USTMG A fu kA7 2E% 5%, Wi%¢ HUVECs MBS .
R IaeAEfk, 45 LR HUVEGCs fE— e % [ H
AT IR I P R A0 M Y 4 . Mikhaylova 2500 3R ]
millicell /N5 %55 HDLECs o) #LIg9% LECs 231k
R T ARSI AR FE AR I8 bk 45 A K PR
AR T Millicell /NEHEST T P 5z 41 A5 i Jes 20
JLRE SRR G5 B /N e — ] SR i FLR
Jed IR LA P S A O R 4 i

AEXFF SE J¥ 51, GRE J¥ 51 FH A 14 AH B2 1) 2 40

AN 6P 5 7 P 2R AR S T 7 R I st B PSR AR, AN
180° ik it , PRI AN 23 T B 2 AR 2800, FiE ) A G 00 4 Jot
A B T, 5t TR LA R /)N 8 URG 1 A8 Ak 2k J] BLAS 34 )
Tyt | S A 1o st RS Ak, 50 e I A AR A Sk BORE 1Y)
o A5 D 0 7 O A0 AR S2 G 43 ) FSE
T, WLHI GRE T, WI J#51 %} GoldMag #5ic HUVECs
7 MR 1%, 45 5 78 GRE T, W31 |15 5t A8 o
WYL, T, Mapping BB i A (435 H AR D 4 M TS
(B, S E 5404, [ I, PR o G B R 50 WL 28 3 A AL
BEAFPRRE T, v A Y RO

PLEAFSEIER SR H] PEG &5 AT LU R0k ik i
P B8 ) LECs 3 PEG-GoldMag-pod 4 K #£%1, i@
AXARICH) LECs #E47 MR B8] LA 40 i podo-
planin [FRIRNELL . Ryt — 20 R IR G 34 0 B 57
(ARG 0 e bk L A B T S e Al
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(42171 W) %, M OCS J il 28 At , B At i R T TR Al 1 SR A 3

1.3 giit o BEROWE— /A A T R L L 2

YA YT 2H 5 TR ZH A g st ) Je 25 v gk 306 i 8 & e )
K H Wilcoxon BRHIKEEE ¢ ¥ 5:

2 HRE

T TCEYS v BR VSD J5 AR B B 7 BA 21 4],
AR 6 I VSD B 2 5 5 R BB VT 28 I AT 4R,
HITE A EF- 12.6 A~ H o XA 9 #1(33.3% ) B4
P, 3 1 B RE R , o kb B R B KR iR s AR Bl
VIR AME E S8, BT A A - 14.6 D H . 2 4R
FEBEIT 18] 25 YK IR S I 6] Le 4%, 22 5 39 A G it
BN (F£2,P<0.01),

R2 2 ABREERRE. GRZXE . B EE S E LS
(n=27,M, 25% ,75% )

205 B i) 24 it i) &5 it
X REZH 39,37,43 8,7,15 29,27,31
RITA 26,24 ,28 3,3,4 9,9,11
U 2.5 0 0
W 380. 500 378.000 378.000
7 -6.271 -6.370 -6.334
P <0.01 <0.01 <0.01

SR B, B ,43 2 2 WA IR HER- BT OCS, 1
Ja 5 h Bl R JERGEIR KA, Ui)F 6 h AT A /MR
OCS YITF sk S e SBR[ E S VSD R o AR5 L | i fit
WK IEH X T Sn BIT AL KR (B 1) .

A RATA D REEA B R AT A5 RN C: KB A AR E AL
Bl HRMEBMIBHEZESMEEEFAINE X KFRN

3 it
0 OCS SO P I Sk, JE R 47 R

Pl b, I B 2%

X REMER-B PG I OCS i MAL B, AW IR A
3 BIRIARIG I A R, e & BB B2 A, i &2 AR
L B AR RS B IS 2.5 ~4.0 em, FRQIH A&
JEATIRH B3 A 1 By ROW 3, (S T i S Kk
ARJG 22 DH L AERE IR XAGLURFE R AL E E SR, T
A TLEESZ (DA B REIEET A5, VR R 4 AT i1 s Q0 e
P AT, 4 AR T LCAT A B P i R 1 s B
3P O S, (LIS 5 B O AT D RE SR
VSD iy A P QI ) — Rl B AR, 7RI IRELZ N AT, BB
Rl kA RN E 2 o iRIT 4% VSD IRTY, Tofi
PSS s R JATA L2 QRIS 9 A 3]
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