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FL R = 4 b og 20 0 s 0 ] 43 R 2, — 2 2
TG S B 20 M SR 4 TR 55— 2 SR A S R A B
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1.1 SNIGEM

B4 B (5717 & 5000) W 3K T Sigma-
Aldrich, fff JHJ 17 FH H 4 2L 96 BR /K5 -2 N B (e-
caprolactone) , 99% , B $i7 T 12 ¥ A B 2 | ( I
W) ; 5 3E 1 W5 (stannous octotate) ,95% , fi[Hr T
WA BR 2 m) (BB ) 5 2% BB ((benzyl alcohol ) ,
AR, B 25 8 A #1250 A R ) (i) | 4 T
MEACES T8 2 A2 B (gelatin, $2 T 44
Kz, type A),90% , Sigma-Aldrich; H & i 7 # 3
A B 24 4 P A 22 iR A R | R & ab B, $E
fili .

DMEM & B 40 § 3% 32 W (Dulbecco’s
Modified Eagle’s Medium-high glucose ) . RPMI.
1640 40 Y 3% 5% % ( Roswell Park Memorial Institute
Medium 1640) 5 0. 25% J§ fil %5 W W4 35 H & o A=
W25 B R A R A (BTN ) 5 78 SRR TG 4 1
T A0 R (0 5 G HR B (DTO) g 3K AT JH Y 2
HAEY TR A RA A 3-(4,5-7 B SE e mg-
2)-2,5- R PY A MR ER (MTT) 257 1 35 A At
M SRR AW ARAT BR 27

UST 4 ity Wi VIR # Ak % R W 45 F IR 4]

g
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(47}
1.2 XWig&

1 EL 20 4304 2 Sk Sk T A A VR i A R
4320 ~30 r/min, ¥ 25— Ff £F 4 15}ty — 4> 05 22 3k
PN 2 B, TR 25 s 2 A I 22 Sk DA ) [] s

i E B R H AR H 37 S-4800 37 & 5 114
P50 UL Fi 275 22 %) T2 25 RIS T 65 A0 L 400 A PR &)
2 T % HL &7 T P 3 1 A K A B R B0 R
FEEAT T 24 h SR )5 B2 T4 40 s; 2R 4R

A

FLAR RO B H 3 A AR 23 B 804 Tmages-pro
Plus5 4iit45 3.

WO R AR B 3 R A Leica TCS SP5 il 2
MMIAEYT 2215 By o A O el Z RV R
(fluorescein diacetate, FDA) 4t 0.5 h, f A DIO
90 Mo st fm ¢ % R 4T (3, 3-dioctadecyloxa-
carbocyanine perchlorate) 4% 0.5 h, 7] #1541 i
A% R 240 15 3 J31) 4 0 1 200 S T 4R

SH AT WLOE6 R TR A AL 5038 prd AR A
BRZN ) TU-1810 41017 W' B2 1 5 25 9 1k o
S

B4R % F Thermo Scientific Multiskan MK3
Tit s ASCI 5 240 i AR A 1 L
1.3 NBEHR
13,1 e 25 22 B il 4

AR SCHR [ 17 ] o BT ik Jr 25 1 PCL. GPC 43
Mr& iy PCL ¥y 73 1 95000, 73 5 i 73 W46
166, BRI PCLAFF il 1 x10°, B %
JI A3 B R W) 45

B il — % 31 PCL 5 W] i) = 31 & 8% (TFE)
VWL, 53 o AT P 25 22 TS, W e ARG 22 5%
F. PCL 9j 22 J5 1 e 2 20% (Bt F 43 1L L |
JE11 ~13 kV, 5B 17 ~20 cm, FFEE# 2 0. 4 mL/
h B 97 22 2540 R BE 10% (it E 4 1) L.
9~11 kV, 58 15 ~17 cm, #FFEH K 1 mL/h. %
S T A VAR ) S 22 3 43 o) T WA il ) 7 i
1RY7 8 h, 35X 5] 1 PCL/ B IR 25 . 3 i 2% 5
PR A 75 v, i o R 25 22 b PCL B R 1Y
i BRI E N B IBGA RN 1 ~2 em (IETT
T B 5 A i, RO A 8 1ok B T37 CfE
I =74 32 h, Wi 4 4 h oK 1K, s O T
HEpR A

W& R A (%) = (WEAT s - vk
Je B ) /PR VR T B i x 100%

W gy 22 e T AR P Sk 4 K,
SR 5 HE I E i 22 AR 5k 0 E A i S R

- oy B (%) = (VR U ORT R R -
EVR IR i) / (VR AT B i x IR & i E o )
x 100%

1.3.2  HHL 97 22 i b = 2 40 A4 3R 9 4 2

SCI PR 25 22 IR T H R KT, A
B 255k B A R L K A BT A ST AT LA i g
AR 10 mm {5 -, IRULTE 75 % WS K EE WP
FH. K B R G R e 48 LA M B SR b, 5240 K
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30 min, B 3¢ 55 8 He A B, B 0k 7 35 3R W IS
7. UST iR 37 T4 10% JC 37 JE AR it 4 1L 7
DMEM £ 32 W, 3 LA 2 T3 /4L 0 % B T 2 4t i
FRMTE A MTT e 1.3.5.7.9.12 .14 RJ5#Hr
HLZ7 22 i Al i AR KB B 85 3% 14 RJE B &
20 0 ) T, 2 S, L) 4% I OV R L SE TR
ik SEM Fil CLSM Wi %2 24 Jfd 78 B 35 10 5 B 9 1 A
KIEE.

1.3.3  PEG-b-PCL 4/ K 35 2} it o2 1 4%

PEG-b-PCL )G B2 B 24 3 ik B /K /5 19 2R
LFES g FRURBEM Y, A 208 5 75 18 bk 7K
T N TR B 3,27 mL, Jil A 0. 0306 mol = g iIE
By LA A3 KA 140 °C 5 R O 8 h,
RG-S EAE S mL 051, 7 ~ 10 54
(9 JC 7K B BR80T 1 45 PEG-b-PCL. A% S
GPC EAE.

PEG-b-PCL i 52 19 1 £ & FR L PEG-b-PCLI10
mg A FE 3 mL DMF %0, 7230 i i 25 85 7 K
TS B R, R CE T 3500 1
BT EXE FKEEN 3 K, 8 RKER
4 K.

PEG-b-PCL # 25 Jit 30 19 il 25 J2 FR B 3 mg
DOX [ fREfAE 2 mL G H Beh, A 0.0166
mol 1 TEA, i # 33 %. I A 10 mL 1 mg/mL [
PEG-b-PCL 0T, fig$8 4 h, Jig#% 78 kb 5 — & ¥
B FERBE TR EN 3 R, REW 4 K. H
DLS Fl TEM ZRAE 5 5494 K ki .

SBR[ 350 42t 18 25 10 Je SR 2 24 e o 43 i)

Fig. 1 SEM images of electrospinning membranes: (a) gelatin, (b) polycaprolactone,

polycaprolactone crosslinked

TR R AR Y 2 B R 2 ROR.

B (%) = (R TT = - 25 PR
) /B2 R T R X 100%

WA (%) = (AR AR - 25 AR
i hE) /ALY TR x 100%

PEG-b-PCL Ji 5/ 41 B 245 J2 L 4 mL 2% 24 Jig
W, BT 3500 (i T8, 7F 25 mL PBS 2%
OB FE 37 °C IR AR % F N EAT R 2. g R HRURE
WPECH 5 mL AR, fiTA S mL PBS 28 ik
L.3.4 25940 e 1 T PE

¥ UST M LA 2 7/ FL k25 5 Rl A e v 27 47 4
A1 d5 g —Bemst ) UG (B 2 R4 1 W) , A
AR B BB DOX 8% £ 2% DOX 1 PEG-b-PCL
A, 15 3% 24 h g ad MTT I 5 41 g A= KA .

2 BREHH

B LR &

W R T Gy 242 B B PR RE R R ) 22 R AR
3 AN 2, 0T B AR A 4k B AR o A M B AR Y
P25 F 2 e, LR S an & 1 iR, B 1 RO
Zhi ik PCL 25 2 HE PH i £F 4k HL , AR J% Image Pro Plus
WG, PCL P25 L7 2 HARAE 1.25 ~ 1.84 um
TN, 2R 4P 3 AR 2 1. 43 pum T 9 B £F 4 1
FEAE 0.67 ~0.97 pm JE [N, £F 48 F 1 H A2 4
0.8 wm. MM TR G 2 FheF 4 HE ¥ A
/N, 3 A A2 78 TR 9 £F 4 HARTE 0.35 ~0.59
pm 30 A, £F 4872 AR 20 0. 44 wm. R 25 I £F
A B AR AR /NI D DRI T BB S T2 A AT 22 3k H Ok

=i

/DL

2.1

10 um

(¢) gelatin/polycaprolactone and (d) gelatin/
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BF A IE AT, FE 25 TR ELHE SR (2R R A
2 i 2 4 Gy ) AT 22 11 I, B0 23 (8] DY 2T 4E B
JEE WG AN, BT FL AT (4 % R 1G A0, w el AR e 0 8O
21 Y JT 52 A g BERG N, 7 4 AR 4. 38 L 27 Sk A
(IR, e & 348 — it PCL & & il 4 40% ~
60 % 1) Hir L 215 22 Ji5E.

BT B A KM R Z il B 4l
PRSI ACHR S AP AE IR AS W 1 TR, A
BRI b AR S ) F 2 A i B AR R, £F 4k 2 ]
W ARG %, FLBGRE A T a0 /)N . 38 o R i T S O S S
B, 2E KN R PR RN T 15% .

2.2 =M RS

A B B — 0 A0 MR, 4 T
UK S5 A HL 277 IS 4 B MR AR R (H ] H 2R Ak 3
Al R R S X 2 M A= K s . 28 MITT £
D L, UST 241 i 8 7 H 22 R b 3ok i) 52 Bk 2 4
JBE B AT IR R AR A B (I 2) . 3 (b) Sl 4 i s
Fr 14 RIGEF AR man 4 KR oL, 5 3 (a)
I B 35 240 0 1) £ A FEE % T A L 2F Ak R 1w Al
JEECERI M. TR B g2 AL
o, 24 1 A 535 T 200 60 A 00 I 4000 0 SR T 7 A 1Y)
BN K B & e 2 e R A K R R
ST ARG AL 1 40 R SR A R G Rl = A 25 A e
- AR SDUN AR P b 93 40 A A KOIR AL R B R
20 J 79 T A S T T A BT 3 (e) BT, B 3 (d)
UST 4 M 4% Fh 2= £F 4E 5 14 K5, 2F 4k 5 % W 1
SEM & |- 7 BB | 3B ar 4k L I IX 3l oy &F 4 i [

FTA, AT DL A T LT B A 0 5 IR R 2T LA
T EB Ak £ A W T, T UL A 1) £F 2 N RIS
WE it e s 40 B A S 1Y R FR , 7 AS [ 356 47 48 il
T R T R BN — AT A L A R T 3 o R
T 2/3 T . 24 FDA [ DIO 4 {8 J5 ¥t 47 CLSM Wi
%2, CLSM MRk — 25 UE 5C T 40 Jfd 78 £F 4 3¢ 10 A0
AR A AR O () 4) . Hor (a-3) ((b-3) H A AR
JCHRIR R, O L7 IR AN G, TR A RO , B
REE ZN A0 A A8 B (b-3) o 22l 25 &R 43, 2R
W 3 A UE T (b)) rh g B 7R A A K. K 4
(a) 57N 4 O 7E 2F 2 B 3 T 0F 5 68 i, e R I pl
ZR U UST Ry RV A MIE 2. 1K 4 (b) 7T LUF %)
TEABCTE b 4 A e A K AR 4E RN &R 18] b 4
JH A= K7 1) A ] 2
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Fig. 2 MTT results of U87 cells grown on gelatin/

polycaprolactone crosslinked membranes

Fig. 3 SEM images of U87 grown on electrospinning membranes: (a) unseeded membranes, (b) surface of membranes after 14 days’ cell

culture, (c¢) cross section of unseeded membranes and (d) cross section of membranes after 14 days’ cell culture
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Fig. 4 CLSM images of U87 cells grown on electrospinning membranes: (a) surface of membranes after 14 days’ cell culture and (b) cross

section of membranes after 14 days’ cell culture; (1) DIO tagged images, (2) FDA tagged images, (3) CLSM images under natural light

and (4) merged images of 1,2,3

2.3 FHAPKEERHH &

Tt s 1 825 I R K W& A 4 C IR B
T RUCENT . AR J5 DLS Rit2 2y )y 87. 1
nm, H TEM E W& 5 fi5. PEG-b-PCL JiE 51 # 24
N 20% , H AR 83% .

Fig. 5 TEM image of drug loaded PEG-b-PCL micelles

PEG-b-PCL Ko B 25 45 AN AT 6 FT 7. A
BG4 R AR 78 24 h N 25 W) R 450
70% .

2.4 Y BEIEREN

A TR) 240 AR 2% Xk 245 ) 1 A0SR B 52 6 4 2R A
7B S YR R R A L A T 64 2 vk
T, e A R R FE T RAR T e IR &R . 5
PRI AT RE o = 4k 200 MO AR 25 1A O B0 4 5 2 4
A AR AR R W 2 I 9 A AR R R AT IE
WO R, I, O T B AR R L XY
LY AN BERR S ML A, DN T AR RS AR £ O3 f S B
2 Jif 96 4 e RS R A X T AR RO A A

100
90 -

80+
EI/
70+ |:|/

60f u/
b o

40+ /
30

20

Released drug (%)
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Fig. 6 DOX release profile of DOX loaded PEG-b-PCL

micelles

TP HE AN N TR Z )5, HR 7 BORIF BEA
W BRAL. TE R M SRR AN M A5 4, BES 1L i R 4n
WA 2 pag e oy MR B A R AL, S IR
I R R0 SE A X AR A = G A 45 A )
T AT AE S LS M BP0 25 W B BT R AR

H T 25 W0 AN PR AR B B A 25 R B AR
AR — BEm ) ROk B R A — BRSO 7248
Wy A BRI TE A B S 24 ) 1 R 1) R TROROCR
I, FATWAZN T PEG-b-PCL 2% 24 JiE X — 4k 21
AR 2R B R R] LA B I TRORE 25 v B BRI A
T AL 2K DOX ¥k B 5 4l DOX B 2 I ik 32 A
), AEAS A A i — A 40 0 R R 24, 4t A
I A T 3 X — 25 2R 0 D R R R Y
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g N\ . %/ DOX 1 FF T 201 4 3% , — 2406 40 ML s 35 0k 26 1
500 \ S INF SRR R 4R Kin ' S B 5
3 03l 28 AT 30 2 0 4 Y O 2R T 24 14 2% S 1 D 1A
s AR+ (1) ph T 4 40 44 0 77 7 , 60 20
ol AESN R ANMAE T , P 0 M 0 T 2 5
02NN 22 224 25 A 40 R BB 5 (2) )2 4
e L A 25 P L 98 K AL 40 4 88 0441

I T TR Ty T TR e 2L o 25 40041 0 A
S 2D PEG-PCL [SY2D PEG-PCL-DOX AL LR G L I ik R A Rk s A

AL b 25 I, = 2 S5 R B0 IR A0 L el TR A
PERE AR T 25 PR RE A BT A2 1.

3 #ig

DL C N R BB O ISRk, 1) T F 25 22 /4 7
2L T B LB AR P RE L 3 A0
N\ e KA A B = S DL B L H T UST
200 D Y = A 200 A AR O = A N A R N A
PR 25 W /E PRSI T, k30— 24k 200 1D A 2% AR X
Fig. 7  Cytotoxicity of anticancer drugs to 3D cell systems: ?:?’ﬁ QH]H@MK,% ﬁzﬁ%—‘ ,/E\*ﬁﬁgi EI/‘J fﬁﬁ—éﬁﬁﬁﬁ 4%:
(a) cytotoxicity of free DOX with various concentrations and o ?Hf]ﬂﬁﬁi/%ﬁfj{l*/l\1$9[‘7|‘(ﬁ{mé7j%*%ﬁﬁlVI" ﬁ‘é E/qu
7, 15 B B R 24 45 18 B HE T AE WK N 25 W Rk
2 % = SRV 7 R I T, R R 2 K 2
LYIRA e 2. BELI VIR, AR AR R B R A IR B AT A A T — R R

Cell viability

NN A\

DOX concentration (pg/mL)

(b) ecytotoxicity of PEG-b-PCL micelle loaded DOX with

various concentrations
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3D Tumer Cell System for in Vitro Screening of Chemotherapeutic Drugs

Xue-qin Wang', Li-hua Cao', Zheng-jian Chen', Jun Luo', Hong-jun Wang'?, Ke-hua Tu'?,
Hong-liang Jiang'?, Li-qun Wang'*"
(' Department of Polymer Science and Engneering , Zhejiang University , > MOE Key Laboratory of Macromolecular
Synthesis and Functionalization , Hangzhou 310027)

Abstract Compared with 2D plate,3D tumor cell system is more like tumor tissue, for the 3D scaffold where
cells grow can imitate the ECM in organisms, so that it could be used for evaluating anti-tumor efficacy of
chemotherapeutic drugs with higher accuracy. There have been different ways to form a 3D scaffold, and
electrospinning is the one with great potential. Although studies have shown that when exposed to drugs, greater
amount of drugs are needed to kill the cells cultured on 3D scaffold, few studies have ever focused on the
sensitive properties of 3D cell systems to drug delivery systems. As drug delivery system is going to be widely
used in the future tumor treatment,in order to establish a drug delivery test model to predict the influence of
drugs to tumor growth,a 3D cell culture scaffold composed of PCL and gelatin with high porosity, cell affinity
and reasonable mechanical properties was fabricated through electrospinning method. One of the compositions
PCL ensures the mechanical strength to avoid collapse and gelatin is a well known material with good
biocompatibility. U87 was seeded on this scaffold,and the proliferation was monitored over 14 days with SEM
and CLSM. It was found that U87 cells can not only adhere to the surface of the scaffold,but also migrate into
the interior of the scaffold,forming a 3D cell system. When exposed to free DOX the electrospun scaffold was
found to have lower drug sensitivity compared with the 2D cell culture plate. Further investigation of using Dox-
loaded PEG-b-PCL micelles as the delivery system demonstrated the same result.

Keywords Electrospinning, 3D cell system, DOX, Micelle
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