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Preparation of IL-2-loaded magnetic nanoparticle and its targeting accumulation
in tumor tissues combining with external magnetic field
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Chinese PLA, Beijing 100853, China; 2. Department of Microbiology and Immunology, Shanxi Medical University,
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[ Abstract ] Objective: To prepare IL-2-loaded magnetic nanoparticle ( IL-2-Fe,0,-PLGA ) with Fe,0, magnetic nano-
particle ( Fe;0,-MNP ) and poly lactide-co-glycolide ( PLGA ), and to investigate its targeted accumulation function in
tumor immunotherapy. Methods: The double emulsion method was employed for preparation of IL-2-Fe,0,-PLGA, its size
and morphology were observed with a laser particle size analyzer and under a scanning electron microscope, respectively.
In addition, the drug encapsulation efficiency and releasing characteristics of IL-2-Fe,0,-PLGA in vitro were measured
with ELISA. The biological activity of the IL-2 released from the IL-2-Fe,0,-PLGA was evaluated by MTT assay. Sarcoma
180 cell-transplanted tumor mouse model was established to study the effect of IL-2-Fe;0,-PLGA in combination with ex-
ternal magnetic field on the growth of Sarcoma 180 tumors. The tumor, liver and kidney tissues were examined by Prussian
blue staining to determine the accumulation and distribution of the IL-2-Fe,0,-PLGA in the tissue sections. Results:
IL-2-Fe,0,-PLGA was constructed successfully, and was spherical with a mean diameter of ( 697 £0.51 ) nm as well as a
drug encapsulation efficiency of ( 83.76 £1.24 ) % . In the drug release test in vitro, the mass concentration of released
IL-2 was 100 ng/ml during the burst release phase and rose to 180 ng/ml at the end of 15 d. Moreover, the released 11.-2
remained 85% —55% of its original activity during the releasing period. A strong IL-2-Fe,0,-PLGA positive reaction was
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observed in IL-2-Fe;0,-PLGA-treated mice combined with an external magnetic field, but only a weak reaction in mice in-

jected with IL-2-Fe;0,-PLGA alone. Furthermore, in both groups, Prussian blue-stained liver showed occasionally light

IL-2-Fe;0,-PLGA positive staining, while IL-2-Fe;0,-PLGA positive reaction was rarely detected in the kidneys. Conclu-

sion: IL-2 loaded magnetic nanoparticle 1L-2-Fe;0,-PLGA has controlled IL-2-release function and targeting accumulation

capability in tumor tissues when combined with an external magnetic field.

[ Key words ]

accumulation

1L-2 2 — i FH B S8 6 97 e i i A Y+,
ERefEiE T B 4ifiE b S FE A5k GBS b NK 40
ff, I35 NK 40 R s O A B e Lz
T RGIF 2 IL2 R e BRI Ak
Wb i, RO, I PR b 0 R R R o 1L-2 iR AT
PUMEIRYT AR E RGN 112 & 80 H I
FEHEAEHE S R T A SR 6 T BB . AR
MG ANOKREA ) K Jre Ry e gg FH 25 82 44 1T i1
ARBEAR AR 2 A0K 25 24 7T 44 15 245 ) a8F A M Jeg 44 i 1Y
FRRE , DOnisa 5 £ 7 25 9 %t g e A E . R
TP AN K ITURE (R PR R 1, TESNRE AR TR TR 24
Y A5 TR X, I S B0 1) VA 25 9 ) 25
VAR T, BALMR - BB AL R ( poly lac-
tide-co-glycolide , PLGA ) i T 25 ¥y i 22 Bt B Ay
RAFIRCR , AT RRAK TL-2 3697 I s B0 25 AR
RO T T2 TR X, b HoE A B
(Y431, ) I A1) FH 22 AL 1 3 B R 1) o 45 2457 ok (1Y)
BEPEAE HT, A58 R &2 2L ARV il % PLGA £12%
L2 A E 49 K FORE( IL-2-Fe, 0,-PLGA ), 7 B2 HE Ay fif
TR PR IT PR MR 2, ABGHEIR T RCR
1 ¥MHEFZE
1.1 ZZRXA5%%

/NEREEA 1.2 FI/NEREE 4 12 ELISA 12 Wik
F &0 A 35 E R&D 27, PLGA( MW : 15000, LA/
GA: 75/25 ) 1L 4R B Y7 4% BRAJE 5% BT A2 77, Fe, O, HH
o ERR A B BLAE B R AF ST T B i, MTT g B Sigma
NHlo BALB/c /MR 6 ~ 8 % (H & 16 ~20 g #f
PR A b il R AR s B ARG IR A FL &
FEAIES : S( 5T )20067-0009SCXK 1. S180 A I 41 ity
FH 252 I 27 R 2 Bt O B 27 i 5% T R 2 A
% Nicomp380 ¥t A B2 AL A 26 & PSS A H],
EVO18 HAH I B 18 < /R 48R A .
1.2 414 IL2-Fe,0,-PLGA

FHAE S5 R A4 L2 WE P9 K 0k . R
100 Wl ZEMEK M 10 ng TL-2 ZRAG KA ; #5118

IL-2; magnetic nanoparticle; PLGA; controlled release of drug; sarcoma S180; tumor targeted
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mg 4 PLGA T 1 ml &M%, 5 150 pl Fe,0,
T P R TE 5 A5 T A 5 BT AR B N ZK AR, UKTE T
50 ~100 W AL EE 30 s, f90IFL K RIFLINA 2 ml
1% B 215 W5( polyvinyl alcohol, PVA ), F 100 W
VKA T AR 30 s 1L K FLgE A 100
ml 0. 1% PVA ", B AE IR #E 1B fE A% L s), =
TR FR IR L3 15 PR LR A IR B O L B0
15 min( 19 000 x g,4 °C ), FHZEE/K PR 3 W, PLiE
YIRI R 11L-2-Fe,0,-PLGA 44 K Wik: , FH JC B 7K #E 7
A3, ARV, TN 4 °C TORRRAT o« W LT T
(RRIUBEROEZ 2
1.3 Bk E 5 A 4246 &AL IR 1L-2-Fe, 0, -
PLGA %7 &

BUL & IL-2-Fe,0,-PLGA 4 11 40 2K ks B,
SR A0 R FE 73 A ASCI 7 HoRAR o 4% 1 ~2 1 IL-2-
Fe,0,-PLGA #K b BRI A B3¢ b 13
R4 T I T i Y 4 J A L, B o
F A B R A, 2K TL-2-Fe, 0,-PLGA 4 K ki
HRIAIEA
1.4 ELISA ## @] IL-2-Fe,0,-PLGA #4 &, 3+ % Fa
PRI 25 4

BUSAE R B9 15, F ELISA Jy k34 BRIt 5) &
VLB HATHAE . 7F 450 nm P T IO %5 B
(DAE), BEFPRER 8 3 AR AL, BOFE, Eid S
B 2 Fexd, rT A5 BAH R 1 1L-2 Bk . £l
BPRGE o A LA B E (%) = (IL-2-
Fe,0,-PLGA ' IL-2 & Ht/IL-2-Fe,0,-PLGA | % It}
IL2 e AH ) x100% o

K50 L 1L-2-Fe, 0, -PLGA 2 1 ml, &0
W2 BB W, bR 45 & pH N 7. 4 1Y PBS ¥ TR %
ABLENBEELOEET 37TCHERIRG &N
(72 v/min ) [E]FE AR B EIC0.5.1.2.3.4.5.6.7.
10,15 d )35l 250, W B FIE W, ok T ELISA %
M IL-2 & &, 26 1 1L2-Fe,0,-PLGA B i
IL-2 1 M 26 .
1.5 MTT &4 M IL-2-Fe,0,-PLGA %45 IL-2
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ConA LAY T WK ELRELNMIAE A TL-2 36 M A
AN, RPMI 1640 157 UE UK L 40 2 W, 25
BRIF A ConA K TL-2; Y 10% FCS i) RPMI
1640 584 15 TR VREE A ML B 1 x 10°/ml, #2Fh
% 96 LA, 100 wl/FL ;45 TL-2 Frife fi A7 AR A A
Xf BEBRAS MRS FERRRE , 23 A B 96 £l , 100 wl/
L3 AL B 5% CO,.37 CEFRM P i
48 h, & fLIMA MTT (10 wl/ AL ) I 4k 22 85 5%
4 h B G FEAR, AAFL R AR R 150 Wl _EI5 R,
FEEFIMA WA 100 pl/fL, & T30 10 ~
20 min, WFTRE G, FLAMIR AT, ELBIIIA 15 645 &
VT, BEAR AR IR K 570 nm AR &L D 14,
2 AR M A T RF AR A KO, F A TL-2 J5 i A
IL-2-Fe,0,-PLGA B 1L-2 HYE .
1.6 IL-2-Fe,0,-PLGA = I 5% 28 42  IF Jik Fo ' B P
Mg EA A

Firgea sh A A i £ 57 - ] DMEM ¥ S180 AU
IHEIHFE 2 5 x 10°/ml, L 0. 1 ml {55 F BALB/c
INRE BT, — 8 JE T B . RN R
BEAILSY by 4 21, B 10 5, 0 SR 250 4 2577 153
e 58 A7 988 P9 FE S ), - A R 2 (1) [L-2-Fe, 0, -
PLGA + RAMiEIH4AL - 7E 4T 2 pg/ml TL-2-Fe, 0,-PLGA
B 0.1 ml, SRS 7 B AE b gd SRy it n 249 0. 2 4
Fi( tesla, T ) B AMEE S 24 h; (2 )TL-2-Fe,0,-PLGA
52 pg/ml IL-2-Fe,0,-PLGA & 0.1 ml;( 3 )
IL2 4758 2 pg/ml 112 % 0. 1 ml;(4 )% FXT
WRAH TS E LK 0.1 ml, ¥ FiES RS 25 Kib
FE/INER, SBCHS g 2 20 PR RS A, 28 109% HP IV
[, w AN, U) A, B X H-E e
% 1L-2-Fe,0,-PLGA £ [ 20 20 JH JUE A5 1) &
EERNSTAT , TR) AT o e ZH 2L A
1.7 %itsam

K SPSS13. 0 B, 45 LA & + 5 FoR, LU &E
TR L 2 D7 22 0 Mr( One-way ANOVA )4 ] Lt
R LSD 35001, P <0.05 8 P <0.01 E£R2H
BAGI2E .

2 & B

2.1 IL2-Fe,0,-PLGA #9412 5 1 &
WKL A HEAUITIN TL-2-Fe, 0,-PLGA Y712
9150 ~2 000 nm, FE4EH7E 500 ~700 nm, -
BHEM(697 £0.51 )nm( & 1), FIFH3E S B0 LA
WMEEE], Fe, O, B9 K BORLFE R 5 IL-2 Fl PLGA
IR Z /T, R KEZ N 10 nm, H T Fe, 0, A —&F

(ARG | JTE 0k TR AH EORG HEC 81 2A ). 24 Fe, 0, Hf
YLK R A PLGA TL-2 402l % & IL-2-Fe, 0, -
PLGA 91K S VLJE , 5T WL IL-2-Fe, 0, -
PLGA JE I L [ BRI , BRAK I 50 B 5 g, ik 22
)RS A T 2B ) o

100

Intensity (%)

0 Pipiiiti il s z
100 200 500 1000 2000 5000

Particle size (d/nm)

E 1 IL-2-Fe,0,-PLGA HIfi{Z5 %
Fig.1 Particle diameter distribution of IL-2-Fe,O,-PLGA

2 IL-2-Fe,0,-PLGA WIS
Fig. 2 Morphology of IL-2-Fe, O,-PLGA

A': Transmission electron microscope ( x 150 000 );

B: Scanning electron microscope ( x5 000 )

2.2 IL-2-Fe,0,-PLGA &3 %R E B E

IL-2-Fe,0,-PLGA f3 3 % 5( 83.76 £1.24 )% ,
ZYKRIAE pH R 7. 4 BOBEIREh 2% vp i W h R dr 2k
POl 112,55 1 KRB IL-2 4 100 ng/ml, B A %
BAEH, DG HrEe 2218 MR, 15 d BRREL 1L-2
(10 5 B ViR B R 180 ng/ml, B AR B 114 B 24 ih £&
( 813 ) 58718 : IL-2-Fe, 0,-PLGA 14 41 RE % 15 22 B ik
L2, B B BRCR
2.3 IL-2-Fe,0,-PLGA # 7k #) TL-2 42 3 #k & 4m i
e

MTT K I 1L-2-Fe,0,-PLGA 7 {4 &b B ikt 1)
TL-2 Xk B A B 5 s, 25 58 R 1) o, 528
FIxF BRZH AR L, IL-2-Fe, O, -PLGA BB 1Y 1L-2 7E 4k
Hh15 d BN P <0.01 ), H TL-2-Fe,0,-PLGA
R TL-2 5 TH A 16 M, e a8 £ 1 Ik 0 200 Jf 344 7
1R 3 KRB IL2 5 IL-2 AL, % 5
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TGI2#E (P >0.05 ). Bl A ZE K, TL-2-
Fe,0,-PLGA TEMRIME L TL-2 0355 P 32 i A1,
TS A IL2 R A 85% ~55% . iX Al fESE4N
KM RHEAL B R (I 2G W, Sl i 4 A AE SORETL
25 R R 2 B B IR

200

B gl

I _a
160 A

1200~

Iy
80‘/

A
40%

3 IL-2-Fe,0,-PLGA FE5{ IL-2
Fig. 3 Release of IL-2 by IL-2-Fe,O,-PLGA

IL-2 (p,/ng:ml")

2 4 6 8 10 12 14 16
Time (#/d)

#1 IL-2-Fe,0,-PLGA BEH{#Y IL-2
Xt bk B 4 B SE RO S M x =5, % )
Tab. 1 Effect of IL-2 released from IL-2-Fe,O,-PLGA

on lymphocyte proliferation ( x +s, % )

Group Proliferation Activity
(Dgp) (% )
Control 0.03 £0.01
1L.-2 0.31+0.05"

IL-2-Fe,0,-PLGA( 1 d) 0.27 +0.03*" 85+ 9.5
IL-2-Fe,0,-PLGA( 3 d) 0.26 +0.06"* 83 +10.9
IL-2-Fe,0,-PLGA( 5 d) 0.23+0.04*" 75+ 9.7
IL-2-Fe,0,-PLGA( 7 d) 0.19+0.02** 63+ 9.9
IL-2-Fe,0,-PLGA( 15 d ) 0.17 +0.03" " 55+ 7.4

** P<0.01 vs control group

2.4 ARSPEEY A iR 1L-2-Fe,0,-PLGA 2 /5 41 2%
0 g R AR

FHE &AW YL %2 . IL-2-Fe, O, -PLGA 1E i
XA EARVER, 2554 181 4 )R, IL-2-Fe,0,-PLGA +
TRSMEES7 20 T UL Je 20 2N O 30 65 i e €5 PP
WkE , 427K TL-2-Fe, 0, -PLGA TR, HL LK K J& [ fith 98
M IR SE. 1L-2-Fe,0,-PLGA 41t 45 IL-2-Fe,O0,-
PLGARIIURR , (H# /b 1L-2-Fe, 0,-PLGA ki K
Sy UURRAE IS A R, S ABORE R 42 AN 20 Rtk ATt
EMTHEAMBAGER

H-E P25 38 ( B 5 ) R : 1L-2-Fe, 0,-PLGA +

RSN S7 2H T DL g 20 2 b L 309 AE A AL, 7T R
H 1L-2-Fe,0,-PLGA i o BT 1L-2 48 55 4 ik 240
2 5 b 40 i 9 & 405 5 1T TL-2-Fe, 0,-PLGA 41, IL-2
20 Ko 0 R ZH B85 R UL 48 40 Mkt R W] IL-2-Fe, 0, -
PLGA + RS 3720 ] RE A 55 22 /1 1L-2 76 Jm) AR 42k
TR, TS K T ARV B Y SR AR o R T AE Jh 96 4
P A=K 2 25 d i) bR i o i 7 45 4L R] 22 S e 1
H#EY(P>0.05).

Ty
A B ¥, = 7

#

1.5

4 TELELERD IL-2-Fe,0,-PLGA
EMEARNESE( x200)

Fig. 4 Accumulation of IL-2-Fe,O,-PLGA in tumor
tissues detected by Prussian blue staining ( x 200 )
A: Control; B: IL-2; C: IL-2-Fe, 0,-PLGA;

D: IL-2-Fe, 0,-PLGA and external magnetic field

5 H-EZE#&NKEMEEMBHELRNZE x400 )
Fig. 5 Infiltration of inflammatory cells in tumor
tissues detected by H-E staining ( x400 )

A: Control; B: IL-2; C: IL-2-Fe, 0,-PLGA;

D: IL-2-Fe, 0,-PLGA and external magnetic field

T+ Y O Bon, RIS X IRAL A L,
IL-2-Fe, 0,-PLGA + {K 5137 20 il 1L-2-Fe, 0,-PLGA
P4 JHF IR 2 20PN AT L /0 o ) A 8 e 5 PH
IL-2-Fe, 0,-PLGA BURLITR &l 6 ), MI7E B, & 41
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¥R W IL-2-Fe,0,-PLGA MR PLRL. 45 R385 T
IL-2-Fe,0,-PLGA B4 5 # B B Wi R 48 F & i 20
ZIEE PRI

6 EHELTHERERN IL-2-Fe,0,-PLGA
FERFRERI 53 #( %200 )

Fig. 6 Distribution of IL-2-Fe,O,-PLGA in liver
detected by Prussian blue staining ( x 200 )
A: Control; B: IL-2-Fe,0,-PLGA;

C: IL-2-Fe,0,-PLGA and external magnetic field

3 4t i

H A7 3 10 % 5 AN T, BEE 9K E AR 1
RIE IR e R T AL GEARST 25 B R (259
BT g AH 21, © L H RTIR I I A ROR
g e ERRCHAE N, PLGA fERE 2E R
T WO, i SR AR R R i AR 4 1 25 W) i 2
N FREEY EARMER ARKEFZ
Y1 e 6 E FDA #HERT T KRB &4 F R
GW. T PLGA B A YA BEMGIE R A YA 2
P, M H ARG K Uk T2 i HAT 28 B D BE I 40 0K
BAEY, PSR I 7 g (0 8 FH A 2128 90 K At
Z—21 Fe,0, 1N —Fh ALk 9 K R, HAT 5
B KN AT AREE B A, B T 82y P gl ok
o ez —

AWFFEF A 1.2 . PLGA Fl Fe, 0, 44 K ik
Fay g — P e 22 B LR [a) /E I £ D) fig TL-2-
Fe,0,-PLCGA BEVEGIAKRE AW, 40T X I 193697
VER . TL-2 22— KM 4 IR 7, H R X T8
F1 24528 25 1y ) 25 224 9 R OBk — PR T A2 L) 4
Kk ARSCEH £ TL-2-Fe,0,-PLGA 44K 0k 43
B IR 24 h A RBIEM, L2 &k
FEZ954 100 ng/ml, M5 FF 22 218 B2, 15 d i
IL-2 A9 R AR i ik 1K 5] 180 ng/ml. [L-2-Fe,0,-
PLGA HA7 5 BAE X F R IA T s 45 #1), B R
TR — 5 BE R M P Y TL-2 X T 440 B 37 1k b g 2
DALY T ELTES R T TL-2 0 201 2 15— 5 110 I 18] LA
TRAKSETG AL T 40, It & S e e . A iF

G2 TNy KA R A TR 22 et e
& WA MRS Y R et AR v, AR RS T B R
Rk gt ) AR P LR M S R — 2 X T AR R AT
PUARIBAAAE 3 T AR AR SE 0 45 1Y
1L-2-Fe,0,-PLGA BEHLAY 1L-2 BYTETE N T2 R I%
PERY 85% ~55% , HA R i FEb A Fritoe

I SCHR " RE , 98K 25 P IR A RN T
A PE B ST 45 1Y IL-2-Fe, O,-PLGA
BRI SERRIAR (697 £0. 51 )nm. ik HAE
AT B AT AN S5 A W, R R R T R N 4
2y, SR SRS R R W]  1L-2-Fe, 0,-PLGA HJ {5
B T IE X, FEAR AN RS AR R 25 d ST L
1L-2-Fe,0,-PLGA TEMI8 X & 4 , WA I 7} 1L-2-
Fe,0,-PLGA BRI TR D | 1T HICHR 73U AR AE I 48
JEIFRL PRI O 20 205 B 1) 7 ml LA SR 3] 1L-2-
Fe,0,-PLGA /bt LR TE FH 2L, B R DL 1L-2-
Fe,0,-PLGA PRI TR, X LL45 R KRBT (1 )IL-2-
Fe,0,-PLGA 7EAMiGE S /E R T 358 1 254 [n] I g IX
(4 S TR IR TR . (2)—IR&2)E25 d
{54 1L-2-Fe,0,-PLGA i LR, F& W IL-2-Fe,0, -
PLGA WRLARIR A, AN 5 P25 2ok Jieb g DX ol aff 5 o 45
BT R X . (3 )IL-2-Fe,0,-PLGA B 45 5 W B 4%
FLME RS+ 6 DA S8 B T H B, X 1 Y 2 2L 4%
HREPERN

IL-2-Fe,0,-PLGA /)N AR 5256 7] WL - SMi 4
JHF 4858 T IL-2-Fe, 0,-PLGA ¥ K: i 78 it 983 )= 5
(SRAE Lt B IL-2 43 35 AT 4 ML A /R L 78 IL-2-
Fe,0,-PLGA 1 J& [l W] WL K R (Mg ZH L3R 38, (A 55
Xof WL AH L, oA UL I (R R B 8 46 /1N , A JE s PR ]
AER :(1)IL-2 I R 2 Bt i A, ELBE A I ] 1Y)
FER HIEPERAL . DRI R & IR X R T
SERE AL, (FH: bk 20 B A 22, DRI i oK BE A 31
FE A 0 A bR AR KA P . SR IR T Y R
IL2N A, R, BRI R, (2)5ME7 T
SR AN, SCHRT 338 TN SRR A 3 4 56 5
LOTUAE, Wi, Kyit—L 058 IL-2-Fe, 0,-PLGA
It Pobge 2B A 5 0 3 A 4 2 i R A g
FH i 5 et a]

25 B TR, IL2-Fe, 0,-PLGA fHIAE T 8, A I
BE AT RSO0 A TR R () S i T
5 T HAT VAR 1 FH R
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