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The difference of autophagy and apoptosis induced by different
surface modified iron oxide nanoparticles in glioma
cells and the regulation of autophagy
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Abstract Objective: To study the autophagy and the inhibition of apoptosis in glioma cells ( U87 ) induced by

o ERE IR GORAEY B AR PERE PR ME ST (2016 YFA0200903 ); IR FI AR A4 “REMEON AR ZAUA T ROS
O A WAL I SR AR I AL TR (81401517 )
# SEfEMEE X W Tel:(010)67878312; E-mail : liuli@nifdc.org.cn
OB Tel:(010 ) 53852556 ; E—mail : xuliming@nifdc.org.cn
HF—1EH  Tel:(010)67872233-8220; E-mail : danmo@nifdc.org.cn

Wi Had

| S |



| T

——

m - mnssll

-1734 - Y 9 2 E ChinJ Pharm Anal 2018,38(10)

ra

iron oxide nanoparticles ( IONPs ) with different surface modifications and the regulation by autophagy. Methods:
The effect of PEG-IONPs, Amine—IONPs and IONPs on the growth of human glioma cells ( U87 ) were
measured after autophagy inhibition. Then, the effects of three IONPs induced U87 autophagy were evaluated

using the high—content method. Finally, the differences of early and late apoptosis induced by flow cytometry were
measured, and the effects of induction and inhibition of autophagy on apoptosis were also evaluated. Results: The
three IONPs all inhibited the proliferation of U87 in a dose range from 10 wg* mL™ to 200 wg* mL™" with a dose—
dependent manner. The ability of Amine—IONPs inducing apoptosis of U87 was significantly higher than that of
IONPs and PEG—IONPs. Inhibition of autophagy can significantly enhance the apoptosis induced by IONPs at low
dose IONPs, especially Amine-IONPs. However, inhibition of autophagy reduced apoptosis induced by high—
dose IONPs and Amine—IONPs. Conclusion: The autophagy and apoptosis of U87 induced by different surface
modifications are closely related to the surface modification. The autophagy induced by Amine—IONPs shows the
dual-directional regulation on apoptosis at low and high dose levels.

Keywords: iron oxide nanoparticles ( IONPs, amine—-[ONPs, PEG-IONPs ) ; glioma cells; apoptosis ; autophagy;

surface modification of nanoparticles

UTAE kK, BEAE AR AR K, SA AL B4 oK
#i (iron oxide nanoparticles, IONPs ) [9 J AiE #E 1] P4
FNAZ f 4% i %2 ( magnetic resonance imaging, MRI )
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7 & % YL B FITC Annexin V fl Propidium lodide
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0 M 2R AW ( Gibeo 24 H) ) 5 3— HBE R RIS (3-MA,
Sigma—Aldrich 2% ] ) 5 Cyto—ID 40 Ji [ W &6 I 32 571
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I ( Gibeo 2y F] ) 5 W% PR £ 2% i % ( PBS, Hyclone 22
CIDE

1.3 AU g% BDUR =X 40 fl fL(BDZA #);In cell
2000 784 = N &R SE(GE 2 Fl) 5 VICTOR X5 i
B4 ( PerkinElmer 23 7] ) ; Malvern Zeta Sizer Nano ZS
( Malvern A H] ),

2 Ak

2.1 EhAEHUT (dynamic light scattering, DLS ) il %
IONPs HORIAR M AR T HLE 1640 ZHERE IR
1% IONPs . PEG-IONPs F1 Amine—-IONPs 4} 5l i B 2
1 pg- mL 5 , ] Malvern Zeta Sizer Nano ZS M % i
LA AT B 3 SRR 8 SO 20 A1 AR T T FL A

22 ARG SR OB UST B TROMESRFRILA, DL EhE
1640 5774 (&% 10% 510035 ) 18 37 °C, 5%CO0,
FHRSIREE 90% Y 55 SR AH N 15 77 , 55 97 S f oK BE 4k,
2~3 d KBRS . ASEERETH U87  110~120 1K,
2.3 TONPs Xf U7 A= KA1 il 52 50 K F Wi X 28 41
Hl R UST MR FP T 96 FLIGFFRAR ( HAL
5x 10" AL ) B AP B IRAL A FRIREE (1.5,
10,50, 100,300 F1 500 pg - mL™" ) IONPs 41 ( £ i
SR, VERE N TC BRI B 1 pg - mL B ARG B Bk
Fit 500 pg - mL™) KA 3— FEARIEERS (3-MA, 5
mmol * L") F1 A [f] ¢ & TONPs 2H (¥ & [/ 1), 7
37 °C,5% CO,(LL N HEH A& AFHRD) & F T T
24 h, FHANMUS SR T 24 h (SRR 48 ho), Fm
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HEZH PR XS B2 [ 05 pmol - L 7511185 2 (RAP), 10
wmol + L™ 4% (CLQ ) 57 0.5 pumol - L™ T IHE K +10
pmol « L™ G W ] K [W] ¥ & (110,50 1200 pg - mL™")
IONPs 41, 7£37 °C, 5% CO,( LA F & & FHF)
FAFTWE 24 ha, Wil B3R BOFELIN 100 pL 1X

Assay Buffer 1§ ¥t 2 IR, SR J5 BALINA & A 2 4500
FRICHYIE I 100 mol + L' [ Hoechst33342 (1 000 175 #
&), cyto—id green 20 wmol - L' (500 1% i B¢ ) 1. ¥
Y 37 CHiFE 30 min J5, FH 200 pl 1X Assay Buffer J&756
ekl 2 Y, ARG AHFLAN 100 wl 1X Assay buffer KU
DEVCEEPMEN . Cyto—id green FH[EE HAFIMAL B K
480 nm, & $T % 1 530 nm, Hoechst 33342 3 & % 1
340 nm, & HHF K 480 nm.
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R 0 ] 58] 2 R R R 2 A AR % i R D, A
AL 2R B A& 2 0.5 umol - L7 15 10, 50 Al 200
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B 24 h, AR 58 S A0 R O 20 MR T 5 5 e Bk
J& 345, 0.25% [P F G Ao 4 M 1ok T
A4, H PBS ¥ UST Uk 2 3k, A 100 uL binding
buffer 73 B4 I, 43 B FITC—Annexin V Az flll
A& T BE ( propidium iodide, PI) ek} £ 5 uL, = i
TG 15 min, T 1 h N H R AGH TR
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R JIR Tt 22 2 1R L 53 A 7 40 L s T3 U £8P, 24
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SRAN Y, HORT 38 o 20 i S e 1 B R THE 22 R S
i) T L A0 400 i ) R B G S s TALIEE AnnexinV B4R
G0 248 J LA T ) R AR R 2 — o PLZ— A%
R YL, TN BB A% Ao 5 % 0% 4 A 5 E U T o e B
%) 240 i R S 20 L E T 0 e A T B 1S m, PIBE
i 375 =5 230 A BT A 40 A% G 215 PRI HE Annexin
V 5 PIVE RS, 50 AT LUK AL 34 W) 9 T i 3 1
A H X 43 JF Ko ff I FACSDiva 4 {3 25 5L ik
50 H o 20 M08 T2 A = U T A0 MR/ S A i A x
100%

2.6 HfEabE B Ur s Kam, R
GraphPad Prism 6 #4, X 2 41 %54l % H o« K e b A 7
oA, W 3 A S LA BB R TSR R 5 22530, Biilis
T R ERAE F Fisher’s exact test 430 M1 8 4125 5%, P<0.05
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3 it TONPs 7 240 1L 35 57 W 8 JURE 3 A7 R 2% [Tl F
P A S8 3 ITEWFSEAGE . TONPs “E-24 5315 K
(5.1 £0.3)nm, KA A =30 mV; PEG-IONP -3
Sy R (5.6 £0.4 ) nm, 314 B SN -2 mV; Amine—
TONPs *F- )43 4ii K (5.3 0.7 ) nm, % 16 45 B, Ky +13
mV, 3 FRFEZREBMIR 5 nm TONPs 7820 i 777
TS A, JCH R AE
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Fig. 1 The growth inhibition of IONPs( A ), PEG-IONPs( B )
and Amine-IONPs( C ) on U87 and the effect of 3—-MA ( autophagy
inhibition ) on U87 cell viability ( *P<0.05 )
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Fig. 2 Autophagy induction by different concentrations of Amine—
IONPs, PEG-IONPs and IONPs on U87 ( #P<0.05 )
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Fig. 3 The effect of autophagy induction and inhibition on U87
apoptosis induced by IONPs, PEG-IONPs and Amine-IONPs
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200 pg-mL™ Amino-IONPs group and 200 ug-mL™ Amino-IONPs +
RAP 4, '# P<0.05 )
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A WEAM RS HWEXT 3 B IONPs 75 S0/ T [/ 5%
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YEH, HXF Amine—IONPs 75 5 98 72 76 A 6] 57 &t {4
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MU .
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LA ﬁﬁ%%%%%/\’ﬂl$‘ 16.19-20) A mine—IONPs T
e /N IF B, 55 TONPs Fil PEG-TONPs i Lt 45 5 5
U87 11 AH B AE M E A 41 i 2 21355 5 A W A

AL Ha i
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AiRe IR AL T B SR
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