30 % 5 4 ) G UE R RO TZ R Vol.30, No.4
2012 -8 H J. Radiat. Res. Radiat. Process. August 2012
M Bg 2B (@) i $H 3B & 49 B 3R X Aifi 722 40 AR
SPC-A-1 Yy & 4 0 %8 5 1% 8 1F A
T EEN XUKE RIRE O S IRE
(R EERER S — MR EEBE U B At 210029)
FEE LUV AR A E A e IR R 1 i AT 1 SR & T R SR R AR R R B IR VA 848 FA-PEG-g-

PAsp-CDDP FIJGH-F 4 [ 3 4] () mPEG-g-PAsp-CDDP, T st FLAGIX 3 il 244 5%6] il 41l SPC-A-1 4 4M I 410 i
FEE DA A B 24 80 1) 20 T80T ) R RS AR (W AR K AHIE ], B84 FA-PEG-g-PAsp-CDDP (1) $11  FH 4 5
HEROR R . TEARAN CCK-8 Sci EL#L i . FA-PEG-g-PAsp-CDDP #1 mPEG-g-PAsp-CDDP % idh % ik M- 52 14
il 40 Mo Bk SPC-A-1 M40 M s thAE A, 7E 4R P56 o LL 47T . FA-PEG-g-PAsp-CDDP fil mPEG-g-
PAsp-CDDP St FH 2 R] A5 T80 %o 4 B AR 10 A A SO I B, LS B AR T (s . 520
WoR: BB IR W B 95 e FA-PEG-g-PAsp-CDDP 1 mPEG-g-PAsp-CDDP ({141 o 5P 4E FIARML, T AE
AN R 15 7755 FA-PEG-g-PAsp-CDDP [ 41 i #5151 T- mPEG-g-PAsp-CDDP, IC50 £ 4 J5 35 1) 1/3(p<0.05).
O H 25525 FA-PEG-g-PAsp-CDDP #il CDDP & WHIJE A R L 4 ik 4 22 % (p>0.05), A& T
mPEG-g-PAsp-CDDP 411 X IRAL (p<0.05); [RIAHA0TT 558 FA-PEG-g-PAsp-CDDP IR BUR LT
CDDP (p<0.05), I H.P& BT mPEG-g-PAsp-CDDP £1 A1 Al 57 2 (p<0.05). # i CDDP 45255 K 5~
] 5, 5t 22 N B2 10%, 1] FA-PEG-g-PAsp-CDDP Fll mPEG-g-PAsp-CDDP 2H # i /& F I B 2 N [% . FA-PEG-g-
PAsp-CDDP a5 R0 IR A=, I JR 0L g 25 [ 8 17 JO0) Je s i R 52 4 Ji g ) 3k, 9 FL4 CDDP

7 O 58 ) TSRS R s SRR O A ) R A A
KA
hESZES R734.2, R730.55, R730.53

Jlii%1[ cis-Diamminedichloroplatinum (IT), CDDP]
e MR T S B 254, RN i
FEfvaTr A B U S, RS M RemED
AR 2, T DL G SR AU R S
e les Sk SRR 25 (K PR e R R — R T
BRG], ) T IV IASGE TR NSCLC /84 1
JRFRIBCT KSR NSCLC 1 5 A A R4
T 15% BRI /NGy T RO e = S vk, 48R0
I e A0 B B0 DI, X T A0 A A A Y P B A
M, s e sEdt, sk, BEerk, Braadd),
RS Sk R JLk, R P S R A
PELARGU BRAR T VA R 7 2% A [R5 1807
FES YT 2 RIS, ] R AR ] B i
T2 —, RWEHEAKE RS, R
TEABIKEEZR EW), KGR AR SRR

JGEH, R, REVIA, IEELE, o, i A

REVIEHRHA GKEIE. SPEEER. R
FEVESEOL A, IR MR IR, RSB SR 1 A
ES LT e S8 S S U N 201 N= ) L 1A
HMBEAN LB =, Ik ELE T [ R A L IR IS
BEVERIN, SR E WA G I A R LA N B
DIV ok e 0 1710 5 AR AE R A 23 b, BT EPR AU
( Enhanced permeability and retention effect) ),
AR 23 5B W 25 an A wT LA B a9 Al (o] £
MAGFAZH, AR EEME 2N . HERE
20—100 nm [ EPIRAAFEEILIEH M, (L
[e) JI IR PR [ B 9D 1 I A b ) AR e v 2R A
AR EVIR IS . AR L
A LLEE S IR AL I 71, iR, B, B
WERAE, MRl o A 2D Rl R v 2 A G
B BIR W) B IR A T S B B4 ) 45 2 RO AR

E &K AARRI LIS (30870741), YLH4E BAREIHE S (BK2007245) %8

HEE: B, 5,
Jihggs 2% Ll

HWAE#E: X|7K)%, Email: yongbiaoliu@yahoo.com.cn
Wk HH: BIRs 2012-03-23, 1&[H] 2012-04-26

1984 4 10 i, 2008 4 Ttk 2 il B 22 e il 242 2200, DA st BE R R 2t - e A



232 WEMASEN LZE %M

30 %

Hl. MER3Z{& (Folate acid receptor, FR) 7EJE/N
i, OGP S, EEU, S A 2 R
R RIS, HAEIE R AP RRIE. Kk, R
(Folate acid, FA) #%) V2 N FH-T-Hulies 254 £ 5
A

AT H A I LA T BAN A i R B )
SERTER & I R R A R SR A I R AT 2
&, FA-PEG-g-PAsp-CDDP. mPEG-g-PAsp-CDDP
L5 CDDP FEARSINS s 40 R i 40 B s, Jo 3L
AR 245 [R5 0T 7% o P R VRS IR £ b 4100 1 1
BT SR, ISR HLEERIER I 5
VA IR i A Y 8 i BRI AR A

1 LIGHRFNAE
1.1 MERERERH B S YIRR

I I S 1 PR AT 2R 5 O IS R 34K FA-PEG-g-
PAsp-CDDP Il JG I Ji #E [ia) i (41 (4 M0 28 &5 P 1 o
Ak mPEG-g-PAsp-CDDP [H/ERITVE RZFRES
PP . R AW AR IR SCER[ 71 9025 1) 5%
e BT AR A VIROR 25 FRAE 3571 100 nm
ik, BAZse4ik), CDDP ##h&E (s 50)
FA-PEG-g-PAsp-CDDP & 15.2%, mPEG-g-PAsp-
CDDP /4 17.9%.

1.2 AMBRERaEkFILZpaLE I K15

T A IR H RS2 AR ) SPC-A-1 N i i 4 o Ak Iy
A R B AR ar B E T B A e B s O
MAEKTE 10%E4miE (UEF, HED 1
RPMI 1640 & RR 73 (Gibeo, F2[E) B RPMI
1640 MR FREE (Gibeo) Y, & HE NG
%% 100 U/mL (Gibco). {ETHIREFFRAETLL 5%
CO,. 37°C ARG T 4 FARACKE 357

1.3 IKIMApaEEIRIE (CCK-8)

TR KT SPC-A-1 400, i 2240 ik 1,
BL 2.5%10%L, 4L 100 uL 50 T 96 fLIEFRMCT .
WX 4], CDDP 4]. mPEG-g-PAsp-CDDP 4
H1 FA-PEG-g-PAsp-CDDP 4 . 1 —4 41}y &5 IR 15 55
FERFRMANN, 5—8 Uk T ERR; FRILRT IR 4
Mo, AL 6 A PATAL. UMLK FE 24 h WEEESS, S
KA BN 100 pL 525555575, LI CDDP it &
I ELIREE A 0.1. 1. 10 A1 100 pg/mL, BAYEXE
AN 100 L ANF 2y B5FRdk . BIEH B IR AT T
Ki7% 48 hJa, BALIIA CCK-8 (Dojindo, HA)
VW 10 pL, 4kEEE:3E 4 h, ARJ5 T EEAR G 5E 76

450 nm ALMWROESE (OD). SEEGER 3 9%, THE4
HIAFTE 5, AIMIAETT R (%) =247 OD fH/
BT 1 X 273 OD B x100%, 1] GraphPad
Prism5.0 X 4-1H5 1C50, ] SPSS 16.0 A7
FEAR t BEE0 S0 1C50 2E 5+ o

14  HREBEREMEIE . KOG EH0IRE &
REMAERIZ M

BALB/c HEVEARRL 60 H, 4—5 J&, {KHE 18—
20 g, W H SR S s A IR ST A . 1E
m U B R 2F S0 A o IR, =il 20C —
23°C. MBI 45%—55%. T RAaR b
I REMR, sowmscig g, P ad e
VIR BRIk, 0 1 b i 40 3R e SE A6 B A B
AT A T o A HERBUA R BV B R YRS 5x10°
SPC-A-1 4l i )40 H 23 0.2 mL, A48 A Jif i AR
AR AL, R Rl 10 d J5, B 4 HOR OB H R
Ak, 56 SRR U BENL ok 8 41, BE41 7 K, 43
Jy: (1) ZFEAX 4L, (2) CDDP 41. (3) mPEG
-g-PAsp-CDDP 4. (4) FA-PEG-g-PAsp-CDDP 41.
(5) P74 . (6) CDDPHBYT4H. (7) mPEG-
g-PAsp-CDDP +JiJ7 41 . (8) FA-mPEG-g-PAsp-
CDDPHUT A . 554, TARERWIT . X A R
BKVEST 4T 02mL ) PBS; SZEG4] R ki 5 LA
CDDP il -5 3 mg/kg ) CDDP 8RS MR, 4k
3d BRG— IR RIS S 2505 4h &5 T
2 Gy FlE LR kL, ek 3 do BAIEN AT
P BER 2258 I e e B d ik 1 6 MV EH 4 ik
o, OB X 2k, JERER 100 em, S 7 1) B R R
Lo BRAFETULAIESS 100 mg/kg AT 1 £h 1R &
WG R BURRIPE, IR R BCE 2 em JE OISR, A5 TR
WS 4 HUNRG, FRSTET 1.5 cmx 15 cm, MESTAIEKE
S P i AN =R O €/ e A ER I P =
LA R I IR A AR L, A B IR K R AR
AR A R V=ab®2 (V N BRAR, a Ay liig
KAz, b AMRER). LT 10d 52 IEsEER,
THEL R R =] (25 10 RUAEF- 0 RAKFD /
550 RAEFR-11x100%, /) ERARE AR L= (25 10
FARFE—ZF 0 RAKTE) /2 0 RAKE-1] x100%, i
SPSS 16.0 BRAFHNTAFFEAS t 67 56 48 7155 AL g v 4 %
=5,

2 #R
2.1 RsAZREYIBR R XT BRI 40 A By A D FIE R
CCKS8 yEf g LR, X & PREG FRILRE 77



54 3

BTN TR ) WUE SR 15 W OGS Hii i 40 L SPC-A-1 PR 2 M RV S 1 A 233

(1) Ji 987 &M He i 4 0 4F . CDDP>FA-PEG-g-PAsp-
CDDP~mPEG-g-PAsp-CDDP (JLF 1 (a)F13 1), 1fij
AN W R 5 7 R 5 1 1 b e 4 L ) A A
CDDP>FA-PEG-g-PAsp-CDDP>mPEG-g-PAsp-CDDP
(L 1(0)FIFR 1) T w5 &
M, FTRL SPC-A-1 41 BRI FR (A1, W

120

" CDDP
100 » mPEG-g-PAsp-CDDP
* FA-PEG-g-PAsp-CDDP

(a)
|
80 i
60 7 gl
40 )
20 i
0.1 1 10 100

CDDP concentration /ug-mL"

Viability / %

(=3

PRV AR g F0 I R A o TAS B IR S 77
b, 10%M16 25 M3 B o] S 4 AR SRR FE () iR, @
It 5 R 32 AR oE R ) 454, FA-PEG-g-PAsp-
CDDP i #8851 XM i dl /e, 1650 254
mPEG-g-PAsp-CDDP ] 1/3 (JLE] 1, p<0.05),

120 (b) & CDDP
B mPEG-g-PAsp-CDDP

I FA-PEG-g-PAsp-CDDP

Viability / %

| I 1 l |
1 10 100
CDDP concentration /pg-mL’

Fig.1 Cytotoxicity of CDDP, mPEG-g-PAsp-CDDP and FA-PEG-g-PAsp-CDDP after 48 h incubation time on FR-positive SPC-A-1
cell lines. Data are presented as X +S (n=6). (a) Folate-overdose culture medium; (b) Folate-free culture medium

Table 1 Cytotoxicity of CDDP, mPEG-g-PAsp-CDDP and
FA-PEG-g-PAsp-CDDP in FR-positive SPC-A-1 cell lines
determined by CCKS8 assay. (FA+) Folate-overdose culture
medium; (FA-) Folate-free culture medium

IC50 /ug-mL"!
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2.2 INEA 3R & AR SR X 1T BB R B B BB 10 ) % At
HEHBIR

2 2L 18] AR S TR 10 A 2R ) 2 el o B 5 AL

280 1 —e=PBS (a)
=8~ CDDP
250 F #=mPEG-g-PAsp-CDDP
s ~#-FA-PEG-g-PAsp-CDD I
o
E 220
=}
>
13
190 F
g 19
E]
£ 160 |
=
7
130 |
100

Days after initial treatment / d

I RAT H . AR T A (LK 2 (2)), 3 5
2 149 A ) i R A0 ) 80 R R e RO B N AR

(p<0.05), CDDP F1 FA-PEG-g-PAsp-CDDP JifJ&7 41
FIRCR T 2R (p>0.05), {HEE T mPEG-
g-PAsp-CDDP 41 (p<0.05) . 7E [F] 25 U A 7 41 O
Kl 2(b)), CDDP Hl FA-PEG-g-PAsp-CDDP [1] i /83411
) 20 R A F BT A S AR e (p<0.05), IR HL
FA-PEG-g-PAsp-CDDP [1JJ3U 3 B3 AL T CDDP

(p<0.05). L L4341, mPEG-g-PAsp-CDDP
Fl FA-PEG-g-PAsp-CDDP 4] fit 17 204 il i A= K.,
- B0 ) L (2] 184 5% T FA-PEG-g-PAsp-CDDP ()%
FWHIVE], I H FA-PEG-g-PAsp-CDDP % CDDP 1
S SR IR JBUR B BOSR

2001 PBS+radiation (b)

——
=#- (CDDP+radiation

180k mPEG-g-PAsp-CDDP+radiation
=m= FA-PEG-g-PAsp-CDDP+radiation

160

140

Relative tumor volume / %

1201

100

0 2 4 6 8 10
Days after initial treatment / d

Fig.2 Effect of CDDP, mPEG-g-PAsp-CDDP and FA-PEG-g-PAsp-CDDP on the growth of SPC-A-1 tumor-bearing mice. Drugs
were administered at a dose of 3 mg/kg on a cisplatin basis once per day from day 0 to day 2.2 Gy of radiation was given 4 h after
drug delivery in concurrent chemo-radiation groups. (a) Chemo-therapy alone; (b) Concurrent chemo-radiation
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Fig.3 Body weight change with time of SPC-A-1 tumor-bearing mice treated with CDDP, mPEG-g-PAsp-CDDP and FA-PEG-g-
PAsp-CDDP. Drugs were administered at a dose of 3 mg/kg on a cisplatin basis once per day from day 0 to day 2.2 Gy of radiation
was given 4 h after drug delivery in concurrent chemo-radiation groups. (a)Chemo-therapy alone; (b)Concurrent chemo- radiation
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Folate-functionalized and cisplatin loaded polymeric micelles combined with

concurrent radiotherapy for the treatment of lung cancer in vitro and in vivo

HUANG Yuxiang WANG Xuanyi LIU Yongbiao WU Yinxia
YANG Hang YAO Zhifeng XU Guoping
(Department of Radiation Therapy, the First Affilicated Hospital of NJMU, Nanjing 210029, China)

ABSTRACT The tumor-targeting drug delivery system FA-PEG-g-PAsp-CDDP micelles were fabricated from
folate-conjugated PEG-graft-a, B-poly [(N-aminoacidyl)-aspartamide] and CDDP. The purpose of this experiment was
to test the anti-tumor and radio-sensitizing efficiency of FA-PEG-g-PAsp-CDDP in vitro and in vivo. In vitro, we
compared the cytotoxicity of FA-PEG-g-PAsp-CDDP, mPEG-g-PAsp-CDDP and CDDP in the FR over-expressing
cell lines SPC-A-1 by CCK-8 test. In vivo, we compared their anti-tumor efficiency in tumor-bearing nude mice when
the drugs were administered along or concurrent with radiation. The body weight change was also observed. The re-
sults showed that in normal culture medium which contained over-dose folate, FA-PEG-g-PAsp-CDDP and
mPEG-g-PAsp-CDDP had the same cytotoxicity, but it in folate-free culture medium, IC50 of FA-PEG-g-PAsp-CDDP
was only about 1/3 of that in mPEG-g-PAsp-CDDP (p<0.05). When administered along, the anti-tumor efficiency of
FA-PEG-g-PAsp-CDDP and CDDP had no difference (p>0.05), but both were higher than mPEG-g-PAsp-CDDP and
blank control (p<0.05). When concurrent with radiation, the anti-tumor efficiency of FA-PEG-g-PAsp-CDDP was
higher than that of CDDP (p<0.05), and both were higher than that of mPEG-g-PAsp-CDDP and radiation alone
(p<0.05). The body weight of nude mice was decreased by about 10% in CDDP group, but had no change in
FA-PEG-g-PAsp-CDDP and mPEG-g-PAsp-CDDP groups. In conclusion, FA-PEG-g-PAsp-CDDP could inhibit the
growth of tumors effectively. The folate receptor targeting group enhanced the anti-tumor efficiency of the micelles in
FR over-expressing tumor. And FA-PEG-g-PAsp-CDDP has greater radio-sensitization effect and low toxicity than
that of CDDP.
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