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S BEEA P AP SE B s AN BE AR BE (9 CuONPs AP W20 24 h, F MTS A6 20 A3 7 TEM WRER [ s/ IMA BT O 0 5 A
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SRS ; A Western blot A ARG H (1 WAHSEEE 1T LC3- 11/ 1 AR IK A B0 B AHSE Y p38 Fl ERK 553 BR B R AL K-
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Copper oxide nanoparticles induce autophagic injury in macrophages
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[ Abstract]Objective : To investigate the effect of copper oxide nanoparticles (CuONPs) on autophagy of Raw264.7 macrophages and
related signaling pathways involved in the regulation of autophagy. Methods ; Transmission electron microscopy (TEM) was used to
observe the morphological characteristics of CuONPs. Raw264.7 macrophages were used for in vitro experiment. Raw264.7 macrophages
were exposed to different concentrations of CuONPs for 24 hours,and then MTS assay was used to measure cell viability. TEM was
used to observe the formation of autophagosome. After transient transfection of macrophages with green fluorescent protein-light chain
3(GFP-LC3) plasmid,a laser scanning confocal microscope was used to observe GFP-LC3 green fluorescent puncta in the cytoplasm
of Raw264.7 macrophages before and after CuONPs treatment. Western blot was used to measure the expression of the autophagy—
related protein microtubule—associated protein I light chain 3(LC3-1I/1 ) and the level of phosphorylation of the p38 and ERK signaling
pathways in macrophages. Results : CuONPs significantly inhibited the viability of Raw264.7 macrophages in a dose—dependent
manner(F=35.987,P=0.000). TEM images showed the deposition of CuONPs in autophagosome. The laser scanning confocal microscope

showed that after the macrophages were transfected with GFP—
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(2019-05-13) promoted the formation of autophagosome in macrophages.

LC3,the CuONPs treatment group had a significantly higher
number of GFP-LC3 green fluorescence puncta than the control

group. In addition, Western blot showed a significant dose—
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Western blot also showed that CuONPs at a concentration of 10 pg/mL significantly upregulated the protein levels of p—p38 and p—
ERK in a time-dependent manner(p-p38:F=72.899,P=0.000;p-ERK; F=123.300,P=0.000). Conclusion.CuONPs can reduce cell
viability and induce the activation of autophagy in macrophages,and the p38 and ERK signaling pathways may be involved in the

molecular regulation of autophagy
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1.1 A

FER B SORIR . K S AL (CuONPs) (3£ Sigma 2
7]) ; DMEM 5535 (3£ [ Gibeo 28] ) ; a2 1L (BL AR
JoR A 1 (32 [ AB Sciex 24 Al ) 5 /INEL Raw 264.7 B BEAN i
(S ATCC) ; Bk N e 0 & (h FE A4 ) s X-
tremeGENE HP DNA L0 (2 [RAF]) ; MTS(3E[E Promega
3T s B-actin HLM (P EITHEARAF) ; LC3 Hiik (£ FE CST
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D) p—ERK Fiik (€ [ CST 23 1)) 5 WA i E AL W lidric
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1.2.1  CuONPs WOWTE S MEEHRAR M & 258 7oK Be il
10 pg/mL BYZ4K CuONPs B, 2R 75 2 h, AR 383
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20 wL B, FEREIE 10 pe/ml RIBEE R LB {772 1, H
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ATERIG AN IR ) A, 37 CCHE R PR 7R 12~
16 b, USR5 A K H A IR o) AL A SRR 7 PR 1 A PRI VR
FeFPE) 10 mL F 10 pg/mL KB FE W LB AR =34, F
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RLIH B AR, AT 20 CUKA , % H .
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5 e ks i Y B 4H RS GRFP-1.C3 (=20 CYKAEIRAE ), 1E
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AL TR ST DNA B 7257 — A4 EP B Hh A 150 pL
Opti-MEM F1 6 L %44l V5], S il ## & 5 min, ¥ DNA
i BRI DNA S5 QR BERIR S, B HE 25 min, G
LI SIBRMA 4 ANFLP (BFLZIN 75 pLIRBW) R
RIGF, MR AR AE AR TR 5 A, B S I A T
37 °C.5% CO, FrFAfi iG55 6 h Jo B i B 0k | dhaidh
FRIA, WAEE T S Y5 B A ek o Rk s il
V5 Y JoORT I O 2T 43R o RE A RN 2, ) A 4 RS AT AT
AEF SZEGZA ] 10 wg/mL CuONPs AbFE 24 h, 4922 58 B [
FEAIAE, HHE R OGR4 BRI 4L Za  GFP-
LC3 £ RSO G RIREL
1.2.7  Western blot # M A& HE H RIL ARWEED
CuONPs(0,1,3,10,20 pwg/mL)AbFR4H, 55535 24 h )7, Wi
FEFRHE A N AGE B RIPA 2Y70, ToK - 22#% 20 min,
e EE) 1.5 mL EP 45,100 CE W 8 min, T-20 CIRAFFEA
A, FEMT 8% . 10%8%, 15% 1Y) SDS-PAGE HEATZH i EE 14
HLUk (120 V), B (1 2 PVDF I (300 mA,2 h), J110.4%
Gelatin Z R EH] 2 h, BULH M 253, 40 BIMAFA R Y 1LC3
p62/SQSTM1 ,p—p38 .p—ERK Fl B-actin —HLF 4 CHEIKIFEH
S, TBST ¥ 3 ¥, PR HRP ARG L EHT S =30, T%
TEFERIFT 2 h, TBST ¥k 3 WK, ECL & EIRH W5 | HEER L
G R GEHATHIIR AT S B30 (14 78 5 ) Image] #E4 7K
I3 A I RAS SR I IS B-actin LA, PFHT A WK1 )E
JRBRE AT 53 BT T 1O
13 %itsam

T $HE-R ] Graphpad Prism 6.0 G573 Hr kit 43 by
AP SRR I £ biifE2E (x £5) Fon , ZATHR TR
AR AR 28 7 255307, W 5 R T LSD—¢ 1 14 7 44 i) 79
Hes, KK ifE a=0.05,

2.1 CuONPs #93 AT 451
175 5 L U 45 R R, CuONPs ~F Yk 48 K /N Ay

52 nm, UKL R 2 52 BUERIE 5 BROE | 19— PR RChS, SR 23X
Pe—f E s —E RS (K 1),

E 1 CuONPs HJESRER A

22 ARFEKE CuONPs 38R, Raw264.7 B 2w il i& 71 4474

MTS 455 875 AR EERY CuONPs(5.,10.20 .40 wg/ml)
AR BE/INE, Raw264.7 4IHE 24 h, 40HEIE 71 5 — 22 A IR
PENRERE S BT BRAL B AN T3 100% , AN R ik
CuONPs A3 240G SIAHXHE S5 0.937 +0.056.,0.746 +
0.045 .0.685 +0.022 ,0.488 +0.094, Siitahi R BRss REG
e X (F=35.987,P=0.000) , %%FFH] CuONPs AT 2%}
LI ™ A AR (B 2)

150
ns
~ 100 - l s
5 a
% a
2 50 +
]
0
T T T T T
Xt REZH 5 10 20 40
CuONPs(pg/mL)

ns: X HRAIA L, A G722 5 (P>0.05,n=3 ) ;a: 54} HR
HAHE, A G2 5 (P<0.05,n=3)

2 MTS &MAERE CuONPs Xt Raw 264.7 4HREE H1HIE 0

2.3 CuONPs # Raw 264.7 E " %8 J, @ K- 49 %

GBI 45 B R 10 weg/mL CuONPs 40 ¥R 46 i 24 h
Ji , A A2 CuONPs J0RLIY [ AR (18] 3 73k R ) .
SERL A IR LT CuONPs i Bl 1 05 40 it T 45
HEA AN AR KISOR AT BEsZ M HDIRE (181 3)
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CuONPsibHfiZH

T O SARIC IR T CuONPs (1) H 1/ MA
E 3 ESRER Tt EmERNRER

2.4 HOERR B BMBULE GFP-LC3 BkA-% & 0 52 L5 5
B

KT BF CuONPs X Raw 264.7 ELEAHIL I 3 AR L
(RIS, GFP-LC3 Rl TR Y 4., (o 20 o et st 1] P
ik GFP-LC3 G, WOLHRAELT R IR, CuONPs Zb3H
YA , AN GFP-1.C3 il & 25 ) H A I 4t S0k R
4B A WM TEEXT BEZH 4N, GRP-1.C3 fl A 28 3R BUEE
ff 3R AR DB AR 2 B WEAR 1 SR BE A, BB
CuONPs 15 AN 25 F W/ MA (] 4)

AL RHIRAL

B. CuONPs ZbFZH

4 HAHERERMBENE GFP-LC3 R BT SIRWIHIF K

2.5 CuONPs #+ Raw 264.7 28 LC3B-1I & & .p62/SQSTM1
AR X OR A

CuONPs 4P Raw 264.7 FLEANJT 24 h, Western blot £
TR AT B AH JE R 11 LC3B AN p62/SQSTMI 33k
TE0L, WX IR 25 % 1, ASFHE CuONPs(5.10.,20,
40 pg/mL)bHIA A LC3B- I AN R4 514 1.398 +0.061 ,
1.513 £0.108,2.482 + 0.162 1 2.551 = 0.065 , 5 H: F W [ifi %5
CuONPs 1 FH# i3, LC3B- 11/ 1 235K F- 35 T (F=
156.600, P=0.000) ; H: ' CuONPs (1.3.10.,20 pg/mL) &k B2
5% BRZ A LA Se it 25 5 (P<0.05) (€] 5A \B) . [RIAS4Y
YR A WEARTE ) 55— 1 p62/SQSTMI i B &b E A (F=

285.800, P=0.000) ; Herft | CuONPs(3.10,20 wg/ml) ik 32 5
X RREHAH A HE T2 25 57 (P<0.05) (B 5A .C)

CuONPs (24 h)

1 3 10 20 (pg/ml)
LC3B- 1
. . o3BT

" 62/S0STMI

-
o

W xiaal

wn

=N
%)

Actin

A. LC3B il p62/SQSTM1 ZE 111 Western blot 255 K]

3 4 a

OHHH

3 10 20 (ptg/mL)
‘gé* 24 h
4;\ CuONPs ( )

(3]

LC3B-1I/Actin

B. LC3B- Il & 14k AR A

p62/ Actin

1HDHH

@W 3 10 ZO(MD/mI)
dig CuONPs (24 h)

C. p62/SQSTM1 # FIRIK AR A

ns: G HELA AT L, WA S 22 5 (P>0.05,0=3 ) ;
a: GXFIAIAA L, A Gt 25 5 (P<0.05,n=3 )

B 5 Western blot #&ill CUONPs X} Bl %E H LC3B-II,
p62/SQSTM1 IS4

2.6 CuONPs *f Raw 264.7 282 p38 #= ERK BB AL 6975w
CuONPs (10 pg/mL) AL Raw 264.7 41l A 5] B} 7]
(15.30.45.60.180.360 540 min)J5 , Western blot 40 Zil }{g
M p38 ERK B LK FE X A &5 RN 1, AN
CuONPs4bFEZH 51 p—p38 AN K IL(H 5514 1.073 £ 0.064
127402111913 £0.155,1.629 +0.122 2.829 + 0.151 2.822 +
0.238 1 3.133 £ 0.275; i A [A] e & CuONPs Zb3EZH ' p-ERK
AT FIEE 2519 0.993 +0.018.1.272 +0.164.1.680 +0.137 .
2.114 +0.299 2.682 +0.196 3.166 + 0.070 1 3.625 +0.137,
45 IR, 10 pg/mL 19 CuONPs b3 Raw 264.7 4L, b5 1
FHBF A9, p-p38 . p~ERK [ 17K T B T gk i 1
P (p-p38:F=72.900, P=0.000; p-ERK: F=123.300, P=0.000)
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(1 6A), p-p38 Fl p—ERK 437 M\ 45 min F1 30 min F4HHH
B ET, SR RRATA 22 A gt X (P<0.05) (81 6B .C) .
WFFE 45 SR W] p38/ERK {55 i # Al B2 15 CuONPs if5 3
Raw 264.7 445 B WIS 6

CuONPs(10 pg/mL)

XfHRZH

KD 15 30 45 60 180 360 540 min

44
42 S S = =..“ p-ERK
38 e me e = @D @D @B 38 MAPK

4D — — — — — — — — Actin

A. p—p38 Fl p—ERK 1)) Western blot £ 4]

4 -

&

3
a

2 4 a

ns

‘il

& 15 30 45 60 180 360 540 (min)
» CuONPs( 10 pg/ml.)

B. p—p38 HAFRBMFEIRE

p—p38/Actin

4 1 a
-
a
= 31 2 i
= a
>
= 24 a
% ns
= nsﬂ
) H
OHI T

15 30 45 60 180 360 540 (min)

o
N CuONPs(10 peg/ml)

C. p-ERK & H AR AR
ns: SRR LY, 2R G ITHE X (P>0.05,1=3) ;
a: SRR L, 25 AT Gt % 5 L (P<0.05,n=3)

6 Western blot 27x CuONPs I p—p38 #0
p-ERK {5 51 2% Y %2 1l

AR RHE AR 7 = dE =S (0] h 20 —4EAL T
AT (1~100 nm) BIRPEL, oM E A L G
ARG T T By BRI )2 08 T R AR A 512

Wr 2y Pibis BEPINGY TSR AE Y BE 2 e, A Ak
OBz is AR T 2 32 BT % a0 OC
TN, ITARRMIIER Y], GOKA R R ER 5.0 AP0
(1) J A SR BE U AH OGP, AN KA R URL 228 it ¥ 2 21
HEA MG 5 3 G0 4 W] 5 5 | P e A LA 43 75
REARAE , TN H BN Kok R R A S5O AR Y A 2R
R,

Sk kAL AL (atheroscrosis, AS) & —Fi g 4 58
i P I 722 2 E R NS (B A 3 o™ o HL
W WAYE M 2 — R ALH AR B A%, ki
FEAEAY e A i JR I A% 0 15 2 T B LA TR 4 Sy
FEANML T SRR . A AT R ] LR AT
BTV LR 4 I %) J R R AR AS AR R R
Ferh A TSR, M N B SIS |, 1
o) PR A0 I 2 2 I N B TR I N IR R B Ak
SRy LG 200 L, Wk 0 A Wk ot %) AR T AT 2% 1 i
£ 1 (oxidized low density lipoprotein,ox—LDL) i Ifij
T G TR 240 L, 3sk 22 (0% Y6 TR 240 T 3 BROE A o 2%
4, e AR NI T Uk SEs

FIWE ) VZAFTE T EAZ AN, 2 20 X A 4
P ik S A 52 R FH R AR R A A T B R AR Y
— P EE B, 7EAR BT R el A B A
KAEEAFFEIEAE R YT, [ W AT LAJR Y B PR I R 4
I B, 2 55 -5 1 5 Jko o R A A 14 2 0 A e g
Rl AHHFE I CaONPs AbFI N F EAT Raw
264.7, 4538 W78 CuONPs 0] B ZZ 4| Raw 264.7 4
LG g, OF B —E iR AR OC R . TEM 452 12
71N, CuONPs FURLTUA T A WA s ot R AR 45
KW GFP-LC3 5 QL4 il , CuONPs AL BEZH GFP-
LC3 AURBAEI T 2 F XA ; Western blot 255 i,
78 LC3- 11/ 1 3RkoKkoF I SRl s Ao ot DA
45 R IL[F U] CuONPs REJE#E B 40 v 3 W T
b, A T E R AR T JE T E R R 2
TESN IR FEAE AL R BV T AR 4 CuONPs
755 B 3 W PR R T AT e R Bl ik ok A A
4SS

HARTF CuONPs 755 LR 20 i A 1k 3% Ak A L
il , A G AT T WL (S 538 . Western blot
ZELJIH 10 pg/mL ) CuONPs A FRARA , BE 3% |
i p-p38.p-ERK & 17K F-, p38 {5538 B 1E
MAPK 1553 i HL % — AN PR S S E S g v i) —
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NEESH5E  UYURZ B A B S5
R, p38MAPK 3 4% 25 146 1k I & 44 1 B2 45 1
FHUS, p38 MAPK FER¥: AW rf A FEEZAEH A
WFFE NN p38 MAPK {5538 [ 14 38006 55 40 L i)
WG AT L 1% DDA G AL 2 3 i 0 ] mTOR
WA IR, PTG AL 1 0T S AR A LR A%
1B, MAPK " Jif (9 4 i MAPKAPK2/MAPKAPK3
AEIE AL G Beclinl, L VAANMEAY H K F1S, ERK
J— R RATRE IR, B2 MAPK K% %
512 — , AU4E ERK1 fil ERK2, 24 ERK #iGHT, B
W 0 9 G, MR TS S AR A A T2, 5 E Ras/Raf/
MEK/ERK 15538 # 845 F Wi VR FHBL 248 AR
BEIRA, HATA O R Raf/MEK/ERK 1553l & 7E
R AAE R REAST AL ERK, m] B0 HE B Webr vk
M LC3 5 p62 B LiHZek, S AN B w2,
25 LTk ARG R 2 B CuONPs RES T/
B Raw264.7 ELWEAN L & A= LW, IF (2 4R e T,
[ IA BE 2 E 9 p38 Hl ERK (UBERR 1L AT, A
WFoT a2, CuONPs S50 T 4 A Wi, Ik
— s A e, p38 A ERK W 4% % nl ETE
CuONPs UL A 5 R A 2 2B,

2 £ X M
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