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(B2 BEERKRTHNT ZNAE, EZ2EsRBAXT. BEEXEREHKPNEER
BESRERF 2 WKFILE, BHKFNGZERESERMEMIHFZAEH 3 (NLRP3)
KA NMEBUEREXARR D

[E 8] BRITRREWETRL (nano-Zn0) B E /NI FI4HRE NLRP3 A E /I MAEUE K 2 iE A
F BTN,

[ 7575 ] BRI 8 K EA R/ R B4l A BV2 82 BB T R [E K E B nano-znO (0. 2.5. 5.0, 10.0.
15.0. 20.0mgL?), RAMBAEMBRMEE (MTT) tbEARNSAMRETE, WNARBKS
B (LDH) JEMSFITAARART RS, KA 2RI (Eusa) NS AMEIEFTRTH
TE (IL) -1B. IL-18 97K T2, SR Western blotting 32E & B ZHAE NLRP3. HiEMR K ES-1
(pro-caspase-1) « AT HEXISHEEH (ASC) FELE FHRLZEE -1 (cleaved caspase-1) F
B FRIKIKF,

[ 455 | BB nano-Zn0 H B IR ERVIE N, BV2 AR TE JIFZK (r=-0.814, P<0.05), E 53R
2B48Lt, 15.0. 20.0mg-L* nano-zn0 REAMIIEITBE (P<0.05), HAEIEFRR LB LDH
SEMERE nano-zn0 2B REMIGINMAS (r=0.962, P<0.05), S5XFEELAELL, 2.5, 5.0, 10.0
15.0 mg-L™ nano-znO A4RRES B IN IL-1B F0 IL-18 737K A (339 P<0.05), BEGRAZAIF
B-MWXE (r.44=0.919, P<0.05 ; r.15=0.994, P<0.05), Western blotting #0iM4E R B, &
F2FE2H NLRP3. pro-caspase-1. ASC LAz cleaved caspase-1 8928 B FRiA/K MK E 1L inmF+
B (ruws=0.8975 P<0.05 } Frocapases=0.758, P<0.05 ; rasc=0.751, P<0.05 } Foomed capases=0.723, P<
0.05) ; E53$RZAFELL, 5.0 10.0. 15.0mg-L" nano-ZnO Z=E&EX NLRP3 A% cleaved caspase-1 A
IKFFE, 10.0. 15.0mg-L" nano-ZnO FEZ ASC Kz pro-caspase-1 FiXKFFE (39 P<0.05),
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Contribution of activating NLRP3 inflammasome to zinc oxide nanoparticles induced
inflammation in microglia cells MIAO Xin-yu, ZHANG Xiao-giang, LU Xiao-xing, TAO Yi-fan, LI
Qi (School of Public Health, Southeast University, Key Laboratory of Environmental Medicine,
Ministry of Education, Nanjing, Jiangsu 210009, China)

Abstract:

[Background] The wide application of nanoparticles has raised public concerns about their safety.
Studies have shown that nanoparticles could increase the secretion of pro-inflammatory factors,
but the influence of nanoparticles on activation of nucleotide-binding oligomerization domain-
like receptor protein 3 (NLRP3) inflammasome is rarely reported.

[Objective] This experiment investigates the effect of zinc oxide nanoparticle (nano-ZnO)
exposure on the activation of NLRP3 inflammasome and the expression of inflammatory
cytokines in microglia cells.

[Methods] BV2 cells in logarithmic growth phase were exposed to nano-ZnO at concentrations
of 0, 2.5, 5.0, 10.0, 15.0, and 20.0 mg-L™, respectively. Cell viability was determined by methyl
thiazolyl tetrazolium (MTT) assay. Integrity of cell membrane was evaluated using lactate
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dehydrogenase (LDH) activity. Secretion levels of interleukin (IL)-1B and IL-18 in the medium of each group were detected by enzyme
linked immunosorbent assay (ELISA). Expression levels of NLRP3, pro-caspase-1, apoptosis-associated speck-like protein containing CARD
(ASC), and cleaved caspase-1 in each group were determined by Western blotting.

[Results] With the increase of nano-ZnO doses, the cell viability of BV2 cells was decreased (r=-0.814, P<0.05). Compared with the
control group, the cell viabilities in the 15.0 and 20.0 mg-L™* nano-ZnO groups were reduced (P<0.05). The LDH activity in supernatant was
enhanced along with the increasing of nano-ZnO concentrations (r=0.962, P<0.05). Compared with the control group, the secretion levels of
IL-1B8 and IL-18 were increased in the 2.5, 5.0, 10.0, and 15.0 mg-L™ nano-ZnO groups, and there were significant dose-response relationships
(r-1g=0.919, P<0.05; r.15=0.994, P<0.05). The Western blotting results showed that the expression levels of NLRP3, pro-caspase-1, ASC,
and cleaved caspase-1 were increased with higher nano-ZnO doses (nire3=0.897, P<0.05; lpro-caspase-1=0.758, P<0.05; rasc=0.751, P<0.05;
Ideaved caspase-1=0.723, P<0.05). Compared with the control group, the expression levels of NLRP3 and cleaved caspase-1 were increased in
the 5.0, 10.0, and 15.0mg-L™ nano-ZnO groups, and the expression levels of ASC and pro-caspase-1 were increased in the 10.0 and 15.0 mg-L™*
nano-ZnO groups (P<0.05).

[Conclusion] Exposure to nano-ZnO could induce the activation of NLRP3 inflammasome, further increase the expression of inflammatory
cytokines, and enhance cell inflammation response.

Keywords: zinc oxide nanoparticle; nucleotide-binding oligomerization domain-like receptor protein 3; inflammasome; microglia;

interleukin-18; interleukin-1

ZH K & FE BRI (zinc oxide nanoparticle, nano-
Zn0) EBEHIEBLME, Fitiam. MEBmEE
MEL BERANFIESENNAEREZ M, BHK
BTz RN T AR R TR Y =, H
ZeMn@Eb s T AR F, IEFR, HREN
EEFBRITARBNNSERERREEXNS
M ER M H, B 532 BB nano-Zn0 B] @ 1T 2 #h 75 T XY
MEFESMIER, B8 UAH. FEFER. B
FIBEIEEZ M R E R N F =¥ nano-zno A&
JHIGE, IR BN R RRFREHANE, BREIEN
B, BEMBRFHNIIRBIGKFURLEE B IS I 0 i 5
[RREENYE, SBYKTRIENPRBERTS, HS
AR ALy T

ISR, MERITTHRERIN A FERZFFIE N,
ZREMIAANTFRERITEEFNAELZRES
XEERM, HXMRKE, KENMBBESH
RERFRIXKFEFABHH—F 5| REERE,
RIE/IMEZ RN —FhEE BUE caspase- 1 NEH E
a1, ARZSEBEIRIZE ATEXSEFE
H (apoptosis-associated speck-like protein containing
CARD, ASC) KAK Bl Bt KL B -1 (pro-caspase-1) &
L, BRIBEBXTRERESBERUEWSE
Z{AZEH 3 (nucleotide-binding oligomerization domain-
like receptor protein 3, NLRP3) & fE/NMEBIIARIRIE,
HBUER R 2 W BB B T & (interleukin,
IL) -18 A IL-1B, 1@ fiE /& b B F Bt K £ B8 -1 (cleaved
caspase-1) %k, HeeiFSAMEET ",

R KB nano-Zn0O B EREH S| ERER M, B
BETS 1B BUE NLRP3 AE/MA S |2/ ViR R 4B AR A SE A

FIL-18 FIIL-1B 73K IR =, HMSHAMRIER
Nz 3GeRMAE R IR R AR I RE, AL, ZNEFFIG/ MR R
MAE T E T ARERE R nano-Zn0, % T nano-ZnO
XTEMpRSE M. MR E M. RERFIL-18 FIL-18
FIEWE M, B SR IT T nano-ZnO XF NLRP3 % JEE /)
ARBBECEEA, LIRS nano-Zn0 5|2 4E R E & 7
BIRTBEMLE, 79 nano-zn0 WL 2 {ERIEHIEICE,

1 MEERZE
1.1 FEiR5

BV2 /NI FRAHRE (R EIEF R F A E FRAFT
RREAICY) 5 nano-ZnO (KI1E 20nm, FAREBRGPAKMR
BIRAT]), DMEM S #EEFE (£E HyClone) , B4
1% (=& Clark bio) , 0.25% FEEEHE - 2 Z RN L
AR (32E HyClone) , TUFREBRMEL (methylthiazolyl
tetrazolium, MTT) (3£ [E Sigma) , ¥LE& R S ES (lactate
dehydrogenase, LDH) 1M A& (MREMREY T
FERZTPR) , IL-1B A IL-18 B BX 258 R M i 38 (enzyme-
linked immunosorbent assay, ELISA) iR & (L /BEgEX
EYMRFEERLQE), ZEMEE (bicinchoninic acid,
BCA) EHEERFNE AEERAMLZEMRABR
AE]) 5 NLRP3HUA R HF R LB (caspase) -1 FfA (&
Abcam) , ASCHT{K Az B-actin #i{A& (£[E Santa Cruz) ,
EHRBENTEBF K (electrochemiluminescence,
EcL) X &= (& santa Cruz) .
1.2 FENUEE

Z&RHRIB A (R0 Esco) , Zetasizer Nano-
7590 B B /R K 12 93 #7 X (3R [E Malvern) , RT-6000
ESAT O (EE Rayto) , 5417R R AEE O (EE
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Eppendorf) , Mini-Protein 3/NBYEEH B k& (E[EH Bio-
Rad) , JY600C BB X Y (ALIR7S—1{X288] ), Tanon 5200
UEENBRERS (EBRERERAR) .

1.3 LA E

1.3.1 nano-ZnOZ1E nano-ZnOE{FE R HIZ 180°CF
K E 3h, FEfEAIEFEY nano-Zn0 BCHIAL 1.0mg L
&R, BEIRZ30min,. ARSEFEBIER
R ZE 100.0mg-L", FATF nano-zno IRIE S . £/
SIRXKIR DTN, RAhESHERGHERM nano-zno
TERFPKIRIBINIR . 22 EEE (polydispersity
index, PDI) LA Zeta BB A1,

1.3.2 BV2HfERVIES K Bv2 AMIEAR T & 10% k4
4miE. 100UmL* EE RS 100g L' B ER DMEM
SfEEFES, BT 37°C. 5%Co, WIEFAPIET,
SR1dER&, F2dER—R, FRLFIAL: 40 H
YRR IS 7 =X AU K ERR T TAE R 3050,

1.3.3 MTT ENELRRE ST 25BN #EKHAR BV2
HRE, FAEIRE N 6x10° - FL Y, M TF 96 FLIBFAR,
£ 37°C. 5% CO, IBF M PIEF . FrHMNLEES 5 50
A& A [ E (0. 2.5 5.0, 10.0. 15.0. 20.0mg-L")
nano-ZnO YR £IEFAE, MFE 100uL, BT
BXtHRA, 1E5F 2405, BFLIMAN 10pL Y5 gL* MTT
B, BREIEF AN, RFELE, SFLIOAN 1500l =
BETW, % 10min, FERTD ARG, FHE
MHMYAE 570nm MG ZEEE, FHitEAREEE,
1.3.4 ZHEIEF R EBER DHEMNE 2 5IERTEK
F KRy BV2 4R, AEIRE 79 5x10° - FL 7, 1ZEFH
F 24 F 1B F R, 1£37°C. 5% CO, IEF AP IETF, &
ENLEE R D B IMMANEFRRRE (0. 2.5¢ 5.0, 10.0.
15.0mg-L?) nano-znO 5T £1Z A, M =500 ulo
EF24hfE, REBERR, BOBW LS, #&LDOH
RAIERIEER, K ARET BEL, 450 nm &&NE
HEEBEHITE DHIEN, HIMTHERT R,

1.3.5 ELISASERGIIL-1B. 1L-18 K 2 BUBRXT#4E
KEARY BV2 4AIRE, JAEEAAREIRE 9 5x10° - 7L, %
MF 24 LR, MMAENLEESS, FHENLEE T2 3N
& ARE & E (0. 2.5. 5.0, 10.0. 15.0mg-L*) nano-ZnO
HeeiEanE, BH2anfa, WEARER LS,
3000 r-min® B0 20min (B0 F4&E5.5cm), BX L&,
R EUSA AT &1 B PR, FREIR(YNAE 450 nm &
NEAZEE, RIBFEBRED5HEF @ IL-18.
IL-18 7K

1.3.6 Western blotting 72 NLRP3 % JiE /) VA HE X &
HZA7K T BV2 HIREZRE nano-ZnO A B 24 h B /R R
FrE, FTUL PBS HEREIR, A RZINEE (radio-
immunoprecipitation assay, RIPA) 3¢ f# R I2 BX & H,
4°C. 12000 rmin B Ly 10min (B L ¥ & 5.5cm), I
£LE RABAEHEERNENERER, &l
. £ Bk, BEEfE, 5% RETIMEEF 2h, 53
F 0N —HTNLRP3 HT{&. ASCHLIK. caspase-1 FTAF]
B-actin #7{A (1:1000) , 4°CIR, iR, Z#HMES 1.5h
&, REFHBLE G, € Image ) (v1.47) A&
B&BREBFHITIN.
1.4 StESR

FIEXRIYAZRMIIELR, TWHIEYU
¥ {E + iR EER T N SPSS 17.0 M #HITHITE
DT, ZEZEILLRRARERRS E 7 (one-way
analysis of variance, ANOVA) . FIFRELERBY, B HZETT
MK A LSD-t 1950, # AR 75 M3%E+E Dunnett’s T3 12 3%,
B 7K Spearman HHX 1, SR UMEXRr
FKRo MK 0=0.05,

2 2
2.1 nano-ZnO RI{E

SIRXNEDMNDME R E R, nano-ZnO
Tk & KR A (178.13+11.23) nm, Zeta BB i 9
(-8.23+2.12) mV, PDI}J0.37+0.08,
2.2 HREES

534884848 Ek, Nano-ZnO SRE 7 15.0. 20.0 mg-L?
BY, 40REE S TR E (P<0.05). EARREIREHA
nano-ZnO BEXMH T, G HEE BB RENEM
MR (r=-0.814, P<0.05) . TLE 1,

120

=
B D o] o
o o o o

YBBASE S1/%(Cell viability)
S

0 2.5 5.0 10.0 15.0 20.0
p/mg:L
[E] = : Sx4E84ALL, P<0.05,
[Note] * : Compared with the control group, P<0.05.
1 FRRERE nano-ZnO %032 24 h 19 BV2 4ARESE S (n=3)
Figure 1 Cell viability of BV2 cells treated with different
concentrations of nano-ZnO for 24 h (n=3)
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2.3 LDHEMMZ K

53t L, 5.00 10.0 ] 15.0mg-L™* nano-ZnO
AMAEIEF R LB DHESEAS (3P<0.05). R
BIARE nano-ZnO B EH M T, HAEIEFHFR L& LDH
SEMERERE I AL AN (r=0.962, P<0.05). JLE 2,

180

150

0 l I I I [
0 25 5.0 10.0 15.0

p/mg:Lt

-
D (=] N
o o o

LDH’EM/ %(LDH activity)
w
o

[F] * : 53x4E84A4ELL, P<0.05,
[Note] *: Compared with the control group, P<0.05.
2 FEFRE nano-ZnO 432 24 h i BV2 48H LDH 5577 (n=3)
Figure 2 LDH activity of BV2 cells treated with different
concentrations of nano-ZnO for 24 h (n=3)

2.4 IL-1B. IL-18 /K

53¢ 4L, 2.5, 5.00 10.0. 15.0mg-L* nano-
ZnO BARRRIY IR IL-13 F1 IL-18 K FEF = (39 P<0.05) ,
BEEHEMHE- MR XEFR (r.4=0.919, P<0.05 ;
r15=0.994, P<0.05) o JLE 3,

200 .
*

160 —
<, 120
&
< 80
Q

40

0 0
0 25 5.0 10.0 15.0 0 2.5 5.0 10.0 15.0
p/mg:Lt p/mg-Lt

GE] » . 534884A48LL, P<0.05,

[Note] *: Compared with the control group, P<0.05.
3 ARMRE nano-ZnO 43 24 h B BV2 4B K 1S FE F
IL-1B (A) F11L-18 (B) 7KFEIFZMM (n=3)
Figure 3 The levels of IL-1B (A) and IL-18 (B) in BV2 cells treated
with different concentrations of nano-ZnO for 24 h (n=3)

2.5 NLRP3 RAEIMAEXEBHKFRITN

5 33 B8 ¢H /B kb, 5.0 10.0. 15.0mg-L* nano-ZnO
= B HUNLRP3 X cleaved caspase-1 RIAKFEFHZ (P<
0.05), 10.0. 15.0mg-L" nano-ZnO £ & 2 pro-caspase-1
K ASC RiRKFF5H (P<0.05), E 4, EEHKRIAK
T 5 nano-ZnO REFEFNE - MM KR (ruses=0.897,
P<0.05 ; rasc=0.751, P<0.05 } Focapsses=0.758, P<0.05 ;

Icleaved caspase»1=0~723 5 pP< 0-05) o

nire3 R

Pro-Caspase-1 s s s s— a—

B-aCTIN S——————
0.0 2.5 5.0 10.0 15.0

p/mg-L?
2.0 1.6
£
S 15 <1 812 .7
5 0 &
i =
<10 $ 0.8
o 2
o x
= 05 S04
°
o
0025 5.0 10.0 15.0 0025 5.0 100 15.0
p/mg-Lt p/mg:Lt
1.6 32 T
(D] 5 TE] .
m©
c 12 « Y @4
5 o
g g
@ 0.8 < 1.6
Q 0
2 S
0.4 508
>
3
0.0 < 0.0

0 25 5.0 10.0 15.0
p/mg-Lt

0 25 50 10.0 15.0
p/mg-Lt

[3*] A : NLRP3. pro-caspase-1. ASC. cleaved caspase-1 & F#iX Western
blotting B 7K B ; B™E : NLRP3. pro-caspase-1. ASC#/] cleaved caspase-1
Y Western blotting s /R EELELE, * | SITEELAHELL, P<0.05,
[Note] A: The expressions of NLRP3, pro-caspase-1, ASC, and cleaved
caspase-1 measured by Western blotting; B-E: The densitometric
expression levels of NLRP3, pro-caspase-1, ASC, and cleaved
caspase-1, respectively, measured by Western blotting. *: Compared
with the control group, P<0.05.
4 AERE nano-ZnO &2 24 h B BV2 4f NLRP3 A JiE
IMAEXERRIEKT (n=3)
Figure 4 The expressions of NLRP3 inflammasome related
proteins in BV2 cells treated with different concentrations of
nano-ZnO for 24 h (n=3)

3 i1ie

nano-ZnO B FARZHMAKTNL 2 —, ATETF
fFE. Ban A nFIATEM B e 49 KFNZ M
B, BRREANEWEBIRANG, BEBREILIRIEINHAK
HZF L MK RRE, 5REEERFNRIE R >,
{B B 81X F nano-ZnO BEE 18T JBUE NLRP3 R JE/IMA,
HMSHA R E R NIERNMEXARRILIRE, )
I RABRRAR AR R AR R Y E e dipR U, RHRIREE RS
RENENXBRATEF, 258 EHERN ",
LA B 53 5% A3 BV2 48R 2 B8 F nano-Zn0O, 1Y nano-
ZnO X NLRP3 R JE/IMABE e RIER F 70 W V=201,
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F BT NLRP3 4 JiE /) VMK 7E nano-Zn0 S 21 BV2 4 A % iE
R Rk 2R R BEVE R

PR FNLE TIERPI D BRESBURATFER T,
R, REBEE, HNTHEYRNAREEGEE

BX M, KRB E uﬁ‘ﬁ‘*ﬁlﬁj‘/iﬁﬁlﬂlﬂ FHI KT
#u$i’>3* EARTHLMRRIR, Xe]geRXMERIEhfY

o0 2, PDI%T?ﬁ*ﬂﬁj\ﬁﬂlE@i"J—hF A SEIO IR
£7R nano-zn0 &% PDI 9 0.37+0.08, WEAEF &+
442K ZnO FRL 72 BRI — 13T . AKFRIRYRME R
A EREMARTH D BUKFENEERERZ —, AH
5% nano-Zn0 BY 34 Zeta BB iL /9 (-8.23+2.12) mV, i}t
BAFRITE D A R WA BRI 2 BURS.

KIRLERKA, BV2AEEETF nano-Zzn0 X
MEEFEERTHE, HEENE-RNXR, BEEE
K FE 79 15.0 F1 20.0 mg-L1 BY, 4B TEIEZEAE T BE,
5 Liang " AR IRIE — 5 BN EHRKHA, 25
RRGRAESEET 8.0mg-L* nano-Zn0, R EZENRA
BT, XA 8ES AT E K Fr 4K nano-Zn0
MBS E X, MRS LB IDHEEBRES
nano-ZnO & & K E L MM A S, 3 AAH nano-Zn0 BE
BIE—ERERZ M T 5 AR E MR,

8 X 2 M A F IL-18 K2 IL-18 73 b K F RV R &
I, W% nano-Zn0 R E R EBIIZ AN, IL-18 X2 IL-18 BY
DIKFEBEHE. BB &I SLBUERI NLRP3 &
FE/INMABE T8 R & FE R F B A 52 A9 B #EY 1L-18
IL-1B AAFREAF 24, [FIBY, B FIRH T S1E4K M

B K FRIE R BIAKAE X 53 F1E I (nanoparticle-

associated molecular patterns, NAMP) 252! 3 A 7y
NAMP 5| A TR MR ENBEERE Z — R E/MEH

BOEPEL AN, BRER, AR BAKE., 99K
TR S®RF L MREFBRIYE AT LIE S NLRP3 RIE
IMERBTEGE, 5 2R E R R A E R FHORR A 2300,
B LEE F A 14 nano-znO JBi5&E T NLRP3 KJE/MAF i3
MSEIL-18 F 1L-1B 7334 7K FHE 0,

NLRP3 R IE/MAEXE B FRIARLER KA, nano-
Zn0 & 5| /IR I 4H B8 NLRP3. ASC. pro-caspase-1
# cleaved caspase-1 ZRIAZKFIE N, 15 PH nano-Zn0 BJ
BUE NLRP3 R E/)MA. NLRP3 RE/MARYEUE 2 1 78
MERE, 55— UEZE T «B E 58, 55 IL-18.
IL-18 i f& LA Kz NLRP3. ASC. pro-caspase-l E’\ﬁ?iﬁ%‘
ERENT, 55 BB ERA. BEEERT
JEME A F 75 098 NLRP3. ASC # pro-caspase-1 éﬂ

LR — N EXBRIE/IMEAFHECE, [BBY pro-caspase-1
BT M cleaved caspase-1, f5& (& # K IE R F iR 5%
TAHI-18FNIL-18 FA A E F 22, Z<H 33 3T nano-
Zn0 F B S ENLRP3 RE/NMABUEM T RIY, BXH
AUER B AN AR A B o — P IR R

SE
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