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15 PE4% (reactive oxygen species, ROS) J&—
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TM4 LR R (RDGEHDE, CM-0456) ;
0.25% i ZE 1 (Hyclone, J2000-48); 44K 4
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Sigma-Aldrich Chemical, 637246); Hi4A4L7 NAC
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& (B K, S0033S); N[ (malondialdehyde,
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Caspase-8 #ii /& (AF6442) . Caspase-3 i 1&
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o w7 s B it Ak ) W (horseradish
peroxidase, HRP) #ric i) 1LEH % 1gG (A0208)
sIFEH R IeG (A0216) I A= KRAT; #
fft ECL fb 2 & ek i L/ & (db s i 34,
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1.2 FHik
121 YR A fbaER ST
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FJG A Bl (B2, SB4200D) i,
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(transmission electron microscope, TEM) (JEOL,
JEM-2800) T WLEEY K — S AL RE TR A5 5 4 Ak
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1.2.2 GOk A ARE R RAR A S Zeta L i

W5 0 S (Y R A Ak — S AR P TM4 & T RS
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Mastersizer2000/Zetasizer Mano zs90) il 44 > i
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N B SR AL S HR A TMA I T i TR SR A T
W T TMA A & R g kb . ARG R4
37°C. 5% CO, MUEHNEEE &M T . 452 dARYE A
ARASFNE FE A TR SR, ORI K I At ik
(TN
1.2.4  JUAE5E S

15 T4 20 it #2235 B Ry 1<10° AL RN T 96 £L
e, BEFMPRFE 240, FRAIENGRE S F iR 5F
B, R E 0, 1, 10, 100 ng/L SiO,NPs
BEFRWOMA 96 FLAR I A FLIN . BRI 34T
7o dkEkiisR24 h)E, KT, MASH
CCK-8 By 8592 5 (10 ul CCK-8 F190 pl B 955 ) |
RN E 2 h, RJERALNH 100 pl 35570 2
B 96 FLAR N, TEREHRAY F T 490 nm ALl i FAL
()G BEAE Ao LT H1 28 20358 40 ML A7 106 6
AR AE G R = (KR FL 4,0~ 250 FL 4,0,/ (4 BEAL
A =25 FAFL A ) 1¥100%. SEHH R 3 RICF-H4ME
1.2.5 IHMEANE

TM4 AL BER] |, #E SiO,NPs ZbF 24 h Ji5
FERLRESRIE, A A 2R 10 pmol/L 1 43 F45
B2, 7- AL W L TR R (6-carboxy-2', 7'-
dichlofluorescein diacetate, DCFH-DA), %3R4
IFE 30 min, FRPEEFREL, HITCIMIE R R R K
FIW A0 M B RS 2 1.5 ml 5.0 . I PBS T
VE2k, LAsear KBRORIEA A N 1Y DCFH-DA.
1 000 r/min &0 5 min, JIA 100 pl PBS HA 4
76 488 nm IR WK, 525 nm K S K 0 ST,
i H 2% 6 g bR A (BioTek Instruments Synergy™
Mx, JEE) PR, IR I EEHFIR
1.2.6 MDA X SODilll5E

TM4 AL BER] |, 7E SiO,NPs ZbFH 24 h Ji7,
FRREFREL, A BUA I PBS & KT I8 41 i
EWNER] 1.5 ml EPE . & A 200 pl PBS
AN, 7EVK b H Sh 2 U B SR F I 3~5 min.
Y1 B B WRCAE 12 000 r/min 75 34 F 2.0 10 min, K L
B EHY 1.5 ml E.0 8 N E N E A TR,
A R BCA LI . 4H i ) MDA & 5l
SOD i P 410 G 6P B AT . MDA & il
EFFLIRAIR . U100 wl BRI REAS I A B A A
100 pl 5 — . 1.5 ml 50 — 0 AT 1.5 ml 5]
W 15 ml B0, 95°C/K I 40 min, B

K shEe e 21, #R)5 3 500 r/min 5% 3 F 2.0
10 min, 200 pl BY&, 7EREARIX 1T 532 nm 40
EREALI G B (H Ao SOD THMENNAE = EE RN
e BL20 pl FEIAEAS DA B &G 20 pl il T /RO
200 pl JIEYI R RV 1.5 ml B5.085 N, 37°CTRJE I
H 20 min 5, FERFFRYL T 455 nm A 2 AR FLEY
B A Aysso BT HIAZH5E SOD il R AE
J1: SOD il = (Xt HELH 4, .~ XF B2 L A4,.5) -
GRIGH A~ I 25 A A,5) |/ BRZH 4, R B As
F1 40 A,s5) x100%. SOD i 77 =SOD 1l il #/50%x
(R /6 BRAG ) /r AR B 1 e B 52
B A 3 I (E .

1.2.7 Annexin V /PIFET-E

TM4 AL BE R I, #F SiO,NPs Zb 2 24 h )5,
FRIEREFRIL, MIA 0.25% JBEHE (R TL K 4 it 4%
215 ml 08N R PBS I B4 il 2
K, 1000 r/min % 3 N .0 5 min, MASA S pl
PI A5 ul Annexin V-FITC (] 500 pl 34 (2,25 ih i 5 &
A, 2 ROEIEE 15 min, # 1] FACSCalibur i
KA (EEBD /A H) 75 488 nm i & I K |
530 nm &GP KA R TR, AR ARSI
££30 000 1~ 4Hi e . Z4f i BD CELLQuest Pro 4K
 (EEBDAFE]) #4750 iR EE A R 44>
W4y UL (Z 1), Annexin V BT PIBEERT 20
Mo, AR ; UR (L), Annexin V Al
PIXUPHPE 20 AR, FCERMIDIM T 400 ; LL (A&
7)., Annexin V 1 PIXUHPER4RIERE, 1CEIG
Me; LR (A1), Annexin V FHM: T PIRH M A9 20 e
i, ACREIAPH T4
1.2.8 HJEEIE (Western blot)

I 4E TMA AL 3 1.5 ml B .04 5, Tl PBS
BeE 3, 1000 r/min #3# T 5.0 5 mine A
200 pl 75 25 1 550 19 RIPA 24/, 72 vk B
F Bl 2H ZUF B S 3~5 min 5 5 30 min, 40l
ERAE 12 000 r/min %34T 4°CE.0> 20 min, 48 I
2B LA NE N E A B . I BCA
AT E AN E . EEEEAT (20 pg)
A BT EAESE vl , 100°CHRLEE T 24 5 min
R A PR, AR5 B 8 1528 SDS-PAGE HLUK
(5% We4ife, 10% 53 E) 41 )a, 184% 90 min 2
PVDF Jif |- . PVDF H 5% iR 2R = iR 541 1 h
G, FEACHKMAETmE —PL (1:1000) . H
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B, 2 TRAR210 nm, H5BERA (K
la), 25 FIH Zetasizer (L 255047 T 40K — 44k
RETE A 3% 55 B b (9 20 FBUPE AN Zeta FRLBE, S5 5R 3R
B9 ok — AL RE AR A2 40 A AL 46 10.04. 50.07 Al
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(F 1), PR A REE R R PR e v
B, HRERE.
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Fig. 1 The characterization of SiO,NPs

(a) A transmission electron microscopy image of SiO,NPs showed that the SiO,NPs displayed spherical shapes and were prone to forming

agglomerates. (b) The hydrodynamic size (pH=7.0) of SiO,NPs in medium.

Table 1 Zeta potential (pH=7.0) of SiO,NPs in medium

Run Zeta potential ~ Zeta deviation Conductivity
/mV /mV /(mS-cm™)
1 -27.3 8.57 2.38
2 -24.9 8.68 3.72
3 -25 8.81 3.96
Average -25.7
SD 1.35

2.2 SiO,NPs T ZiMHI TM4ZE R £ K FIIE5E
HeF B N (40%) AIIL, X REZH TM4 4ifif
5 R RENERIRGL R AT, TEASRERIEREZ AT, 4
Mo k% B W, TiAE SiONPs (1, 10, 100 mg/L) Ab
P24 h)5, TM4AANME%E TRE, MR/ A5,
S 1) 2 e 4 4 B 2 ek /b, 7E 100 mg/L 21 AT UL /b
AR R (K 2a) o A i — 20 W SiO,NPs Xf
TMA4 2 JL 36 PE 0520, R CCK-8 125 5 AN [m] ik

J& SiO,NPs Zb B J5 TM4 40 L (4 7776 % . W&l 2b B
7, 1. 101100 mg/L SiO,NPs Zb3%F TM4 4Hi il £
TR AR S X A LA B s R (P<
0.05), 45 F %% 84.8% ., 88.5% 1 61.4%, 254
FWT, R AL PR RS 0, SiO,NPs AT B i 41 1
TM4 0 A= RIS FE , I3 Al S5 A 15407
2.3 SiONPsiHFSTMAHRE R 4 S R

A FEGIK AR AR S 1 TM4 20 I35 P 1 R
FHBLH, F R w48k 7 IR 2 19 5 35 4 T
(ROS. MDA FISOD) i &5l T SiO,NPs % i
24 h J5 T™MA4 4l i b i S8 A BOK Y- anlEl 3 B,
Bifi %5 SiO,NPs &b 55 & (3% i, TM4 4fi ig  ROS
FIMDA & LU M SOD 1 M i 2 i o ik SbZE 3%
B, Aok —EARE AT LI5S ROS 7748, i TM4 4
L E AR R G oA, I L A
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Fig.2 Cytotoxicity induced by SiO,NPs on TM4 cells
(a) Morphology changes of TM4 cells after exposure to SiO,NPs with various concentrations for 24 h. (b) Dose-dependent cell viability decline in

TM4 cells measured by CCK-8 assay after 24 h exposure of SiO,NPs. *P<0.05 compared to control group.
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Fig. 3 Oxidative stress induced by SiO,NPs in TM4 cells

(a) The intracellular levels of ROS were significantly increased in a dose-dependent manner, and so was the activity of SOD (b) and production of

MDA(c) increased after exposure to various concentrations of SiO,NPs for 24 h. *P<0.05 compared to control.

2.4 SiO,NPsi#iETM44 i K Fas/FasL 9T S 1T
Ehepitiy

o B AR T DA ) & AR T . R
Annexin V-FITC F1 PI X} A~ [A] ¥ & SiO,NPs 4b B (%)
TM4 AR AT et , mat A b . 45
W], SiONPs 0] LA I 25 58 I 1= 4 i 9 EL ]
R AFEKBE (K42, b LA, FIH

Western blot £ il Fas/FasL 475 18 1~ 15 518 i#% 41
Ko TAEARRI AL HE TM4 41 Y 25 A i R 1
ZEIR IR, SiONPs ZbBE & 3 [ Fas/FasL J# 45 A9
PR T AH G 4> F 8 1 B R ik K P (Fas. FasL,
Caspase-8, Caspase-3 Fll Bax), FFREAKPLIHT-0F
Bel-2 8 HKF (Kl4e, d).
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Fig. 4 Effects of SiO,NPs on cell apoptosis in TM4 cells

(a, b) Apoptosis rates of TM4 cells were significantly increased in a dose-dependent manner after treated with SiO,NPs for 24 h. (c) The expressions

of Fas, FasL, Bax, Bcl-2, Caspase-8 and Caspase-3 in TM4 cells. (d) Densitometric analysis about those protein bands, actin was internal control

protein. *P<0.05 compared to control.

25 MELFINACEMESIONPSIESHHEMA R
& Rz 7k

St — 25 A A A N S SIO,NPs 5 | ) 44 it
MR, A HPUA M NAC 5 100 mg/L
SiO,NPs BE & 4L F TM4 41 i . 4503, NACH]
PUA B ] SiONPs 5 [ A A AL 3, B ROS
FIMDA &1 L)} SOD TR T E (K5).

2.6
AT
e TR, A AEFINAC FT100 mg/L
SiO,NPs k& 4b #4155 51— 4b 3 100 mg/L SiO,NPs
AL, MO R R e A e W X A
MBS RE LR Fegsi (K 6a) . #E—HW5Ek
B, NAC F1 SiO,NPs Bk & 4k B 0] D) 8 3 2% fi
SiONPs A F I AfLJH T (El6b, c).
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Fig. 5 Oxidative stress induced by SiO,NPs can be alleviated by NAC
(a) Inhibition of NAC on SiO,NPs-induced production of ROS in TM4 cells. (b) NAC abolished the increased activity of SOD and content of MDA
(c) caused by SiO,NPs in TM4 cells. *P<0.05 compared to the control group, #P<0.05 compared to the 100 mg/L SiO,NPs treated group.
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Fig. 6 Oxidative stress is involved in SiO,NPs—induced cell injure and apoptosis of TM4 cells
(a) The morphology changes and cell concentration reduction induced by SiO,NPs were rescued by NAC in TM4 cells. (b) ROS scavenger abolished
the increased expression of Fas, FasL, Bax, Caspase-8 and Caspase-3 caused by SiO,NPs in TM4 cells. (c) The relative protein levels were quantified

by densitometry. *P<0.05 compared to the control group, “P<0.05 as compared to the 100 mg/L SiO,NPs treated group.
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BB T AL F A TMA Z0 B R, TS 4%
5 A K 240 ) 3 B 45 44 1 s/ D idE—25IE 52 SiO,NPs
ATLAGE T™MA i . CA MR, TG
PERMAFAEP AT DI REIE A, 9KM R AT DL 3%
P ROS HA t L1778, Y40 P 9 4 1Lk 5
RERAM 2 FEAAN B, B TM4 541
WGRIHLE], A SCKE T ROS, SOD Al MDA %5 1
12 1% 10 42 S e 20 it PN SR AR 3 JEOIR S 1 4 TR A o
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Fig. 7 SiO,NPs induced cell apoptosis via oxidative stress and activation of Fas/FasL signaling pathway
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SiO,NPs Induce TM4 Cells Apoptosis Through Oxidative Stress and Activation
of Fas/FasL Signaling Pathway"

WANG Xu-Ying>’, GUO Zhi-Yi"*®, HAO Hui-Yu", SUN Fan-Li"”, ZHANG Pin-Zheng*”,
MENG Fang-Yu", CHEN Zi-Yun", LI Jin-Ze", SHANG Xuan®"

("School of Public Health, North China University of Science and Technology, Tangshan 063210, China;
ISchool of Basic Medical Sciences, North China University of Science and Technology, Tangshan 063210, China;
DHebei Key Laboratory for Chronic Diseases, Tangshan 063210, China)

Abstract Objective To investigate the toxic effect and molecular mechanism of silicon dioxide nanoparticles
(SiO,NPs) on mouse Sertoli cells (TM4), TM4 cells were exposed to medium containing various concentrations of
SiO,NPs (0, 1, 10, 100 mg/L) for 24 h. Methods After treatment, the morphology and viability of TM4 cells
were detected by optical microscope and cell counting kit (CCK-8). The level of intracellular reactive oxygen
species (ROS) was measured by fluorescent probe DCFH-DA, and the content of malondialdehyde (MDA) and
activity of superoxide dismutase (SOD) were detected by kits according to the manufacturers’ protocol. The
percentage of apoptotic cells in TM4 cells was detected by Annexin V-FITC/PI kit, and the expression levels of
apoptotic molecules including Fas, FasL, Caspase-8, Caspase-3, Bax and Bcl-2 were detected by Western blot.
Results The results showed that SiO,NPs inhibited the cell survival rates, decreased cell concentrations and
changed cell morphology of TM4 cells in a dose-dependent manner. In addition, the level of ROS in TM4 cells
was significantly up-regulated after exposure, followed by an increase in the content of MDA and the activity of
SOD. Further study found that SiO,NPs increased cell apoptosis rate and activated the pro-apoptotic signaling
pathway mediated by Fas/FasL. Interestingly, inhibition of oxidative stress by NAC in TM4 cells can alleviate the
cell injure and apoptosis induced by SiO,NPs. Conclusion In summary, SiO,NPs induce TM4 cells apoptosis

through oxidative stress and activation of Fas/FasL signaling pathway.
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