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80+ 160 F1 500 nm. 7% 6 BB T WEE HepG2 4H BT A [6) R ~F A0k 1) o Wk 35 FH 9 =X 4t A3 T ok gt
N R ag A A T AR AR Ok P 8 T R P S R AE 52 S 4 A R BT Transwell 48 M 3T 4% S 46 5
T A I A A R AROR T 2 LR BRI S B8 T S | SRR 45 AR T, HepG2 41 1 3= 2@ 1 M k% 8 A A~ S 1 i
R IRA NS T AR SORE AT 7 Wk, 4°C 1577 01 8 AL B A B S £ 0 s R 7 (R0 280238 FRVR BE R 0 ~ 200 g/l 0
W HARN 80 nm ) AU AR BEORT <3 5 4t i s A JEE A P At L 26, AT AR 0 160 nm FH 500 nm 1) — A4 A
TIOR8 7 T 4T A7 375 20 36 A S (D S ) B, AW =P RS ROk I 40 R 1 286 B R SE A% 6 0 #8155 W S 1Y)
TR HEW 5 DRI AT R T B R A L A T G
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BEAG A ELREE 5 A 50 5 UE RAN BT AE X
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P G SRR 0 (1 LI T 45 U T S Y
PR A 4 2 1 R ) gl K OB A 2 0 B 2
GRS I . FH 3 e B Aok 5 4 B (A ELVE A
FEACRE IE N 40 10 38 438 L A 40 I PN 16 A RN e iz
TR DA X 40 A B B S e A AR, T K
ANTRI AL B RS R 2 T8 P J5i 11 40 K Ao 15 4
JRUAH B AR H A 7075 31 T IR B RFSCR I, 4l
J PN A A LR A MO R G WL K AR 328 4
P 32 R A0 T, AN [ R RN 40 B AT i 2
XoF 4 PR P 3 AN R FR s i, 8, 1E 2R A
WU &0 W i CPED 1B Jhy % R YR 97 801k g s B
DNA 7540} N =E & = 3k i =k, {2 PRI B3 ™
(40 B =Pk BLAE A P o ORI B, B 2R 2 —
W PEGO A& M) T LA 235 B AL L 40 M 5 2 1 £ 45
L DR GRS s ) A g A 1) TR 8 - £ AT T
LRI CPLGA) 40 K AHORE s 48 4L b 20 7 4F 4 4 i
PN 5 SR TN LA T3 L A0 M i AN 2 ) 40 17
pearE SIS A R S ZY PP W IR N
REUNA KA T R S P (0 BB o —
FERE bRl E g et

VB —Fh A B 00 45 K RN Sh B AL R, — bk

THIORELEA T 24 At i R Bt I 14547 22 40
BHEZINH ARk, B QOB ARFI A PR}
ST JE , A oK ROBE IR — AR AR ORI 5 T
2 WFUE I H G, SR T TR 0 AR 2 RN s A
2 e 90 W, 902K A ARESORL A A P
W) 5 I A 3 R 28 R I 34K, e 8 A U H Ak 4
ZIIIATT R B AR B I 1 FEE ) 3% DNA F T
P A P 1) s TR A 326 e v 2 e A B 5 A Y
AR R RIS AR o PRI 5 40
I YRR A AR SORL RE A2 F T I 8 40 11 S
PR SAG, 5 9 R (1 5 35392 W g 1 R 4 o
P ST 3T 4K A A REBHORE S 4 16 2E W e
A3 e A B 4 Ak P 6 2B LR L LA 24 R
YR B ENA 25 2 1 53 () 7K AR AT

T SN A A K Y AR A BRI 7R
Iy RPEILAN R I A e 2= Dh e, W5 #AAE i AT
Ay S ) [ R 0k I 40 M B R EAT T PR AT
Lin %5 B0 KW, FiA2h 16 nm #1 46 nm 1)
A G RAOREE 1 5 RS 41 A PR AR T
T T A A ) A0 P T DS i 5 — A
FE /N FR) S50 H5 s I WIS T 100 pg/mlL I REAR
N 50 nm 1) A RERSOREAS 25 5 S 43 T 7K1 (1 4
FA5 AT IR, AN ) R SE A ROk A
AR VPN I8 5 ZEE— 20 (W 0. Ao i i A
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[Fi) (14 3 A2 0 N 40 o 5 W S B 2 A 3k Dy e T
BTS2 B P 3 2 3 B e b, 38 T g 2 0]
JH B0 BB A 40P S5 A B 0 e 3 R R
W, 52 S ARORE A0 16 75 P 1) 7] BN, 8 I3 12 00) 4 i A
W ORSE (14 3 47 LA S M B0k i 4 M )y R 1 4% 4 0k
1T%%2.

20 0 8% PR R I % A2 2 40 40 TR R A AL A i
L, MG RE O DS AR S A E R
TR Pk AR W OB I £ B IR e A% AN
RNE SN AE A IR 22 P i IRAS T Ry 8 22
Faeaty R, SO T A DRI ) A A R
TORL IF H 2¢ 06 G4 kL 3E AT bR ad, AN 9 4
HepG2 AL, HA T 41 M A i) RS 1 — 44k
TeE WORE PR AR R E ), 25 4% T ok E N 40 I 1 ik A2,
XoF 0 6V P 1D 5 e, AR A W AR A R RORL JiS
H B B8 AT 66 J) 178 4k, b A AR ROk
A N T4 R AR ) 2 E I A3 B SR A A
1 XLy
RS
BPF W S5 A TR B (RITC)  #1 FR 4 WI e fi
(amandatine-HCI )+ %¢ ¥} K 25 ( genestein )+ WE M
(MTD)- & E AL Csodium azide) 1 H Sigma 2 7
(USA) . IEfE TR L TR (TEOS)« y-28 ik T H- = 448
FEt bt (KHS50) 27K 8 1 b 5t 40 2238550 2 v . 4
Mu¥s % Je S5 H K 34 5 4 Milli-Q water system
(Millipore, USAD I JE B 4l K .

HepG2 40 ik A S 56 %8 ¥ A7, 5275 Ja Ao B
TR T 5 109 IR 2R 11035 100 U/mL 75 %5 3.
100 pg/mL 5% % 25 1] DMEM 15 7% ¥ ( Gibcos USA)
T 37CF 5% CO, M40 5% 7% 48 ( Thermo,
USA)HHEE SR

A A %8 & 6 20 R 3 0 L CSigmas
USADJEM — 1230 % 5 Fi -1 &2 7 B¢ ( TEM, JEOL,
Japan) ¢ 6 81 & W Tl % ( Zeiss, Germany )+ FACS
Calibur 71t 341 J v1 200 CBD, USAD < BiEC e 925 A5
X (BioRad, USA) .

1.2 ZHALRER A E EFRIE

ZRSCHRL 2210 77325, 1 e il 4% RITC Axid (1)
FELCARIEA, B 9.4 mg KH550 5 11.8 mg RITC
A1 mL oK SEEA, Sl N REGRE ) B O ik
ARG B 52 (R I B AN R A FR LR
B IR K FITGK SR A, BN — € &
1) TEOS, £ 30°C HM KB AT N i H: S Y. 4 h 543

1.1

FRe 8 RS RITC A i S A RERIORE, 250008
G2, TIRIRAT .

B AR ORI Y 5 4 BTE S, W T
HARGWHEREAS M L, AR T, T TEM T
MG AR ORE (R TE SR R
1.3 ARTULH B {SCAR I 2 B 3 — & 1% B AR B89 B
Fi&E

K ML 8 x 10* AN/FLIK S5 B T 24 LR
H, IONRE TR FE BT IR 24 h S5 3 MR [ RS
(1) AR AR IO AT L 9K BE R 100 ug/mlLs 4k
SRR 4 h, WCHE A L, SR FH U A SRS W 4
PR Y 9 6B oA T WF I SR A R ok ik A\ 4
JRIRIEATE, RELE 37°C Y 4°C 4h MR — A A Rk oL 5
Wiz B8 7 IR, 23 0 N B A9 1 771 28 Ak
B TP T 1 7] R R < e Jee RS 7R
BRI A 2, K0 40 P T2 2 B
LS 70X 440 o e — AEU A A BIORSE 7 ) PR S5 )
1.4 ZEWERRARETERN I

BN H A A At I, oK A M 42 B AL 1 x 10* A
(R85 BE R T 96 FLBR P, B3 9% 24 b &, I HI S
T W TR 1) A A Tk A K ARORAS JH 259R 82 43l oy
5.25.50.100~200 pg/mL, FFMKER 3 NE AL,
53 RSN 55 TR 4 h A EREFLINN 20 L MTT %
(5 mg/mL), BREEHE T 4 h, 57 R FRW AL
200 L - AR CDMSO ) 38 1 41 B2 45 A= it 11 55 1
& AR, PR IDE S e RSN 52 570 nm R
JE L CAANInAR B s IR AL o =5 s B B
A0 AN AN B A A A AORE B 37 9 1 AL A B )
W, 3R A T S0 A

TR % = CEKBA Ag,, — DA Ag,, )/
O R Agy, — THAL Agyn) x 100 %
1.5 XIREELH

VoA EERN T 24 FLAR, AL 40 0 25 124 5 x
10* /4L, B 37°C 5% CO, FiFRfi i i R A
RIS NN [F) RS 8 — S A e 29 K TloRE i HL 2%
WIEA 100 pg/ml, REEE IR 4 h AR 3 NE
AL FH R S AR IR 0L rp e Gh ) R, T ) 5
— B RIR HAE B8 e R N 2 G0 i )
IINEIR Eh 2% phs v (PBS PRk 3 I LA 25 B R U
HEGH i, B 45 05T 0 1% R W, BN B IR AR vh 4k SR 8
I fBIE WA SR 24 h R 48 h JERIIRIE 1)
TR0, 25 SR S A R TR X 4N 18 5 RIIR
JIHIE
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1.6 HRBRFEFERIE

Yo ah Mo R AL 3 x 10° DM BT 6 1L
B, 5555 24 h JE ISR RSH (0 S A RE K
TIOREAE FL AR FE S 100 pg/mL, 4R EE17 7 10 h. PBS
ek 3 YR A4 O A BB T A K A i
HET DMEM 55 IR0 A T 24 FLAR, B3
5 x 100 AL, BEALFE sk 3 MR AL.37CH IR
FEP R R 24 h 5, N PBS PE% 3 IR LA LB AR S
Bk 240 B, Dl i A A0 PR O T B AR I =4
ARAETIORE L 1% 75 (¥ 41 i A 6] FL, TSR B 1 20 26

A3 A% S50 T vk 2 B SCHR 23 1, Transwell
A e £% 7% /N % ( Greiner Bio-Ones Germany ) PET I 1]
FLAEN 8 pm. A5 100 pg/mL A [A] ) 1) — 44
REGR IR ILRE TR 10 h 5, ek 1 I 75
Fk T AN I 1) DMEM 35 77 90 rb . 8 241 i 2%
B, 1% 1 x 10° LI N E A, Transwell R =0
N 600 pL 75 209 i 2 1375 (1) DMEM B 979 55 9%

2.2 Z|ERRFNAEIRE

0 M 380 3ok AN [R] (R I8 428 56 1B R TR AR
Wiz, 5 R A SE A ) o 5 e e ) A e, 5%
BCHRE € A B RE . SCERRIE , A2 Ky 1 5 kL
PEY) I A= 2 38 T A0 B P A A Rk N 4 R e
(R AR P RS N AN -4 & PR 1]
JHL A A% AN T I s A RN R )
AR R AORE A IR L ST 2 T HL AT RS
G K A8 2 ) 40 I PR 2 e R 3 i e

WA S A AR ROR LR 55 4 h, fE7OLE
TEE LS R 3 Bl RS B Aok 38 ek N i i,
R Z IR 2T (056 S CHE 20 . DI =X 40 A4S A, il 25
FAFEN, HepG2 41 Muxf 3 F RSF B 4K Aok (1) &
Wik 6 7 BRLAT S R BT T B an il 2 B,
T HAE 80 nm M AL RERCRL K 41 g K 2 4 5 41
WIEL 96.5% , 10 T AT 500 nm FITIORL, 4 AR
04 2 o0 S 4H ) 84.4 %

T SRR RN A BN AR AR A K Ok

SR, BATTELES T 37°C 5 4CH R4 T4l

10 h J5 » ¥4 Transwell /MW, PBS PEik, FF4S 5
RN 3 P I BE A 25 oA 2 FE P 440 ., XTI
0.1% W45 WP g o, B B W L I
WA HR 33 9% 1A T T Vs V0LV A0 VR B 110 5 48 -
FH 1t BB G P2 A W A0 72 570 nm (RO B, BAA I
N AR ORI 15 37 1R 40 A 6o FRE, Ll e W ik
HLJG A T RS RE ) A4k SO E AT 3 9K

2 FERFHE

2.1 ZEHERMRR S NRLE

Stober ¥ JE-15E S5 & — P AE I A T 7K i 1E
TERR C B A B A — A REBOR (% 7 1%, %07 %
2% 5 21 (R ARORE B3 BB e, ROSEmT 42, 1T LAk
RIMRE R BL AR5 A R T 2T ThRE 4k 10 ot 18
MW 1 BT, 3B U O S R A5 2 )
S RERIORL 2 BN BR T, 4% 23 31k 80+ 160 FH
500 nm ZiA7, RSF¥IAT, oy dvkar

j - -

2 Im

Fig. 1 TEM images of SiO, particles with a diameter of (a) 80 nm, (b) 160 nm and (c¢) 500 nm

X AR RERIORL A W BE D) 1 AR 4k I 3 He] L
Fth, 4°C 45 AT 4 IR BEORE R A WA B 6 U8
55, 4% 3 B RCSTSIORE AR i 1 4 i B A 23 ) R B
T 37°CIHKFE TR 10.3%,7.9% M 4.7% . M
AR A0 1 75 B A AN K A AT A B AR A 3 TR
LMK S50 45 3L L R, HepG2 4 M X — 48 Ak kAR
() B — A RE R s i 2

R TR W e e sk 00 ) Y s 2 1 A g /N
(T F iy BELIBT P9 A 5 1A 3 1 B i 48, kbR
3 D) 2 0 0 ) R U 1 i e 1 L B /)~ 77
AN SR AR AR DR, FR AT i X
Tt il A 1k — 2D I 40 M A SR A R AN K B
Krfe 1 AR, TR A A I ORE 1E N 48 i ) R
PRIgAE LKA BRI 3), EhIR 4 NIl e % B
EVH HepG2 4l MO 3 Tl )T B0 1) M %, ifg 4%
BIAZE BRI H 7 e 3 A 5 3R 0
FH UG AT T, HepG2 40 B X 4 A4 ek AiOr 11 8 Wk 1=
TT I MK B AT 0 IR A AR SR AT T/
FTUEANM SRR AEES T — e .
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- 2 Cellular uptake of SiO, particles in HepG2 cells
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The cells were incubated without (a) or with 100 pg/mL of SiO, particles with a diameter of (h) 80 nm, (¢) 160 nm and (d) 500 nm respectively for

4 h; Upper row: overlay of phase contrast image and fluorescence image of HepG2 cells, respectively; Lower row: flow cytometry determination of uptake

of SiO, particles in HepG2 cells; The numbers in the lower set of the figure represent the percentages of the cells uptaking the SiO, particles.
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- 3 Cellular uptake of SiO, particles in various conditions
determined by flow cytometry
The cells were incubated with 100 pg/mL of SiO, particles with a
diameter of 80, 160 and 500 nm respectively for 4 h; The cells

incubated at 37°C in the absence of inhibitor were used as control .

2.3 ZEUEMNNERTEERNEE

K MTT V050 T A A RST 1 — A AR
FEXT HepG2 4l IAF NG 3 () 500, 45 Rl 4 fror
M AT LLE SRR 4 160 nm K1 500 nm [ =
AL TEETIORLT 4 TR A7 3 %852 i JF AN ) b, Ak 52
1% 200 pg/ml I 41 HLAF 35 22475 K T 909% . 1 ki A%
A 80 nm PRI LA AR RO D) 5 | RS 7 3R 5 A4 6 11 4
J 25, ORI E A 100 pg/mL F1 200 g/l I 40
WMLAEE 200 ) T B2 T 749% F1 67.9% . H I AT
S SRORE = 2R () 40 B 5 1 5 RT3 DR G, TR

P2 A R BRORE S 0 2K RS RIVROR RS AT g2 %
20 0 3 AN R P R

120

100 -
80

G0

M o 80 nm Si0,
=0~ 160 nm Si0y
20 A= 3500 nm S0,

Cell viability (%)

(] 1 1 1 1 1
0 30 104) 150 200

Comeentralion (pghml.)

- 4 Relative viability of HepG2 cells in the presence and absence
of Si0, particles

Cells were incubated with the particles of different concentrations (5,
25,50, 100 and 200 pg/mL) at 37°C for 4 h; The viability of the

control sample was set as 100%

2.4 XREEXH

I M A ROk JS G E 0 D RE, W B B 1T
B AT B2 52 B 52 . 4 M B 2 2 b R
AL BT B ) R A TENUAR IR S B DL AE .
I A A i e A B IR AR O R b R P OB AE
JHESY RIIRAE A S5 ] T 05 50 45 W — S AL R pok
X 40 W IT A R IR RE N, 25 R s B s A
ATCUE H S AN S8 A R BORT L 8% 5% 1 55 i 4
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JEITAZ BE 1L, 24 h WRIRIX C & 9T 14
Mo e 2, 48 h JFRIR CEEASE B 1Ay
W 1 AN TR ROS) S AR AORE J 40 (132 5l T 5 A2

THE pm

ra) ihi

18, 5197 48 h Ja AT 2 40 R IT B8 B RR X, H
SE A B R RN 5 ZE A A IR [R]

24 h

10 pum 10 pom

47 b

(ol il

- 5 Bright field photos showing the wound healing process of HepG2 cells which had been incubated without (a) or with 100 pg/mL of SiO,

particles with a diameter of (h) 80 nm, (¢) 160 nm and (d) 500 nm for 4 h, respectively

Each sample was assayed in triplicate

2.5 {HRRFLMIANEFRE
R HE A B A A T — AR A A TIOR8 i
BT R IRM, 5597 24 h G AR B B BB O
R, g5 W 6 P B ] DU HE 5 B4
LT IR A B (R K AR T, W BE R I, T AW T —
S AGTEE ORI 41 B0 23 A2 51, B R 0 AR 22, 98
WA T OULER B 41 M e o IR 20 6 0, K
S AR TR B IR AR A R Ok . R R i A 4
WO BB 60, 50 40 M AR LU AL, AW T 3 F
JRST AR AR ARORE 1) 400 i U B 22 2454 B 6l B,
210 A LY 609% /it
Transwell 2l il 5 7% /N 2 4% FH T L6 3 40 o 1) i
oA SR &5 o o 1 I I 4 Bk AT g, b
TR T LS e L, T FE A AT I3 B 1T B
TR, 10 h P9 K2 40 I 52 20 1003 1) & A AE
AR S NE | TSN e = R R = ¢ A
(12 B 27 J Ak % 1 o, 2 ok BE ) 4 i B o B X 2D
TXTRALCEE 7). FH 339 MO T T V2 1080 e VL o 1
SR IR O B REAT LA, g5 R 7 Bk, 5
X R AH LU, A Wik — AR A TR ARORE 5 40 i 2 S 1)

A E 2> B2 ) N BB T 78.7% 51.5% F
46.6% .

TEH MO0 A1 5340 5 1) A Wk 8 1 6 B AN I
RS R B R b, 40 0 SR O R N A
0 20 R 28 3 B2 TR R R R T 4 4
T2 305 T 40 L) T AS 44 S 4 W is B e A5 2L ()
VERT, T A I ST rh 1 i ) 8% 45 46 A Dk e i s
I S, v IR) £ Y Se 5 4 Az o A T R F
0 6 S, TR SCPE A L 4 R SOk [ kLA
S MOFF /N AE S N TR i B B2 s
[ 2 24 25 4t vy A8 A 1 1 S 4T R, I R b e R
e AL AN L 42 45 F K AR Gupta 50K B IR
PURTIORL 5 N 2T 4 40 i AL 3% 7, R LA v ik
(500 prg/mL) ] WY JBE 44 2K ARORE ERCAR AN 2 6 48 i A
T AR IR, (EL 8 o X A 22 RN HEAT e
PN Y0 W 5% 3 A1 i 4L 2 B T BRI 5 A,
VR /T WIWTTURI, FERAR R 100 nm 24
()4 K AR 23 5 1S ECV-304 40 I T A R 4L 1)
S TR O 2 THAB A 28 R N IR S 5 T 4

AR 23 1 B 2 K
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- 6  The upper and the middle rows represent phase contrast and fluorescence images of HepG2 cells observed under an optical microscopes
respectively
The cells were incubated without Ca) or with 100 pg/mL of SiO, particles with a diameter of (h) 80 nm, (¢) 160 nm and (d) 500 nm respectively for
10 h; detached and then equal number of cells were seeded to the culture plate and allowed to adhere for another 24 h; (e) Adhesion of HepG2 cells
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quantitated from the above observation; The attached cell number of the control sample was set as 100 % .
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The up block represents optical images of HepG2 cells that have crossed through the pores of transwell chamber and stained by crystal violet
¢ cells were incubated without (a) or with 100 pg/mL of SiO, particles with a diameter of (b) 80 nm, (¢) 160 nm and (d) 500 nm respectively for 10
h detacheds and then 1 x 10° cells were added to each of the upper chamber and incubated for another 10 h; (e) Migration of HepG2 cells quantitated by
absorption value; The absorption value of the control sample was set as 100% .
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it 2 RSO 5 AR A A A 7 e A 1 52
525 KW, HepG2 41 M 3= 2 i M R I 3
(040 1 A R 63X 3 A ROST R ARORE 1 AT e R A0kE
G R 380 40 B 2 T i S PAY o T o P9 s 2 11 AT
Bl /NI i i 0 T 259005 2 M6 i 5, T G0KE 2 N i
AR/ M /N Y A0 T P VR A I AR s
iy, 2135 7 W A4 DR, HepG2 4l 5 ELAZ 4 160
nm A1 500 nm () A ALRERORE L RS 7%, AR B
o S A0 M A7 3% 256 0 W 1 B, (2 7 40 7 Wt Ak
RLIF I RE R m fe 5 1R T 40 0B 22 5 I AR A, R
0 Bty A BT AT, AT T4 ) A R
ILRERE T . R, 0T Hoks AR ) AH 22 PR I VE O Bk

R kA, 2% 18 B 0 A ok Xt A0 2 Y L2
PR3 S T RE KR

3 #it

il & T 96 e bl bR id i AR A RERORE, 22
TEM FRAEE AR5 730 80+ 160 F1 500 nm, WFFL T 3
ot RS BRI N A0 P9 3% 28 B KT 400 PR i 2 0 I e
(5% | S 45 AR B, HepG2 41 Mo 3= 223 1 ) k%
EANFHIN AR AR A A RE O AT AR
B 80 nm ) AR ALRESORE X 40 i 51k T ok 8
MR ) A0 B, 3 R RS PR TIOR8 25 X6 48 i 11
R B FIT R fie ) 31 e
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EFFECT OF CELLULAR UPTAKE OF SiO, PARTICLES ON ADHESION
AND MIGRATION OF HepG2 CELLS

ZHANG Yuying, HU Ling, GAO Changyou
(Key Laboratory of Macromolecular Synthesis and Functionalization, Ministry of Education ,
Department of Polymer Science and Engineering, Zhejiang University> Hangzhou 310027)

Abstract The dye-doped SiO, particles with diameters of 80, 160 and 500 nm were prepared by using the Stober
sol-gel method. Cellular uptake of the luminescent SiO, particles by HepG2 cells and the endocytic pathway were
studied by fluorescent microscopy and flow cytometry. Influence of the SiO, particles on HepG2 cells was tested in
terms of cytotoxicity cell adhesion and migration by MTT assay cell adhesion assay, the wound healing and transwell
assay. According to the results of flow cytometry, the uptake efficiency of the SiO, particles was significantly
decreased when the culture was performed at 4°C as well as in the presence of sodium azide or amandatine-HCl,
while only very limited reduction was observed with the addition of genestein, revealing that the clathrin-mediated
endocytosis was the main uptake pathway.The MTT assay found that the 80 nm SiO, particles caused cytotoxicity in
a dose-dependent manner; while the 160 nm and 500 nm particles didn’ t show significant cytotoxicity in a
concentration range of 0 ~ 200 pg/mL. However the results of the wound healing assay> cell adhesion and transwell
assay demonstrate that the cell adhesion and migration were greatly inhibited by uptake of the SiO, particles
regardless of their size» most possibly because the endocytic process leads to disruption of the cytoskeleton. These
studies suggest that the effect of endocytosis on functions of cells should also be assessed to evaluate the
biocompatibility of nanoparticles.

Keywords Silicon dioxide, Endocytosis; Cytotoxicity, Cell migration



