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Effect of CuO NPs (CuO Nanoparticles) on Glucose Metabolism in HepG2

CUI Wen, XUE Yonglai*, WU Ziyu, GAO Lu, ZHOU Lei, HE Jin, DU Daolin
(School of Environmental and Safety Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract The widespread use of nanomaterials has raised concerns about their potential harm. In order
to explore the effect of nanomaterials on glucose metabolism, this article selected human liver cancer cell HepG2
as the subject to conduct in vitro experiments to study the effect of CuO NPs (CuO nanoparticles) on glucose me-
tabolism in HepG2 cells. Experiments had shown that CuO NPs exposure could inhibit HepG2 cell viability, reduce
cell survival, and significantly reduce the absorption of extracellular glucose and the content of glycogen in HepG2
cells. The RT-qPCR (real-time quantitative PCR) was used to detect the expression of key genes in the process of
glucose metabolism. It was found that after exposure to CuO NPs, the expression of PYGL (glycogen phosphory-
lase), an important gene for glycogen synthesis in HepG2 cells, was significantly down-regulated, while the expres-
sion of gys2 (glycogen synthase 2) was first up-regulated and then significantly inhibited. In addition, genes related
to glucose transport, glycolysis, gluconeogenesis, and TCA cycle also changed to varying degrees under exposure
to different concentrations of CuO NPs. In summary, after exposure to CuO NPs, the survival rate of HepG2 cells
decreases, the absorption of extracellular glucose reduces, glycogen synthesis and decomposition are affected, and
the two processes of glycolysis and gluconeogenesis are inhibited at the same time. High concentrations can even

cause intracellular disorders of glucose metabolism.
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£ T I SR R BR S

RS 7R AE(DMEM) I T F i FE 8K G R B
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RIUEDRIH DA RAF . L-BRAWIE. 5 R
B R, W IEIA(DMSO). MTTHH i 14 58 % 40
H g R & B RNATE I Trizolik | MIcDNAZE —
R ARORAF ST Bl RAEVARAA .
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& TREZER A B IRt dIMRE FRm 55 R R 4
B 1% 55 2555 2100 U-mL ™) 1% L-23 2 Bt
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& CuO NPsHI 5577 5 B 7524 h, I 52 40 f i 14 A1 85 77
B FE I A0, 1 A IE BB IREE (2) IERX
S 7E 16 5E W JE T AE 98 CuO NP 41 Mk A8 35 11 5%
Wi, 200k TRSLEG % E IR (0.5. 1. 2. 4. 8 mg'L /A,
% — 58 LU R S50 A 4 4 B e N 6 FLAR (B FL 2
5 2% 10°1N) 34T 2 R ME AT 5 45558
1.4 ApRTFERANE

A 52 56 SR FHMT T2 it 184 4 % 40 P 25 2 A 0k
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T A 6 2 P s 4R B B S S e IR R A
A IR FRRA . 7 CuO NPshbFEZH (CuO
NPsi& &% 43 5 0.5+ 1. 2. 4. 8. 16+ 32 mg-L").
W 6 B0 K A 20 B 24 21 88 T 96 LR H E 7724 hf
IH MO EE, 5 B3R, N S BSAFIAS [A] 3 £ CuO
NPs[1J 85 77 H B #824 ho B 5 45 o5 Wt R 7 (H
T 5 5 7% PN R 2 0 ()T #R), FHPBSZE M iE Ve
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A0 pLIIMTTIE W, B 137 °CYH M K; 7= /8 A 4k 4
£ E 4 h, INA100 pL 3 (formazan) 7 MV T 3d 24 V8
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W (DYE, THE R i I AR 2. AP
K= HFLDME /XS A FLDIE)>*100%. EAMNE
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B BR300 W, 3~5 s/ik, TAIBR10 s, B
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Wb, PR P s ) A T I
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A S5 2R F Trizolik 7174 K 32 HU 4 CuO NPs#:
#& M HepG2A fURNAH T Ja L5258 . B 5 4k
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215 5% 3 B (U RIDNAMITS Yo B e RZ BTG Q2
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Tablel The primer sequence of polymerase chain reaction

LR A FR NAEEIEY SR 514
Gene name Forward primer Reverse primer
GLUTI 5'-ACT GTG CTC CTG GTT CTG-3' 5'-TCC TCG GGT GTC TTG TC-3'
PKM 5'-ACT GGC ATC ATC TGT ACC ATT G-3' 5'-AGC CAC ATT CAT TCC AGA CTT A-3'
PFKL 5'-TTT CGA TGC CAC CAA TAC TAC T-3' 5'-GAC TCG ATG AAAAAC GCC TTAA-3'
gbpc 5'-TGT CAT TTT GTG GTT GGG ATT C-3’ 5'-CAG CAA CAA CTT GAT GAG GAA A-3'
gsk3p 5'-AGG AGAACC CAATGT TTC GTA T-3' 5'-ATC CCC TGG AAA TAT TGG TTG T-3'
gys2 5'-GCT ACA CTA CTT GGG AGG TAT C-3' 5'-TGC TGT TAT TTC AGA AAC CGT G-3'
PYGL 5'-CCT GAG CTG ATG AGG ATT TTT G-3' 5'-ATG ATT TCC AAA TGT CGA GGG A-3'
IDH?2 5'-GTG GAG ACG GTG GAGAGT GGA G-3' 5'-GGT GTT CAG GAA GTG CTC GTT CAG-3’
PDK1 5'-TCA CCA GGA CAG CCA ATA-3' 5'-CCC GAG GTC TCA ACA CG-3'
P-actin 5"-CCT GGC ACC CAG CAC AAT-3' 5'-GGG CCG GAC TCG TCA TAC-3'
F2 E5|MFRERRZRIR . T IEMEUARBARE

Table 2 R?, amplification efficiency and annealing temperature of standard curve of each primer
B DK 42 Bk LB TR I% BKIREPC
Gene name R Amplification efficiency /% Annealing temperature /°C
GLUTI 0.998 3 110.68 55.0
PKM 0.998 5 104.50 53.0
PFKL 0.986 0 101.56 53.0
gbpc 0.999 9 112.71 58.0
gsk3p 0.999 9 99.54 56.0
gys2 0.997 4 98.91 54.0
PYGL 0.986 9 108.13 57.0
IDH?2 0.990 1 90.55 53.5
PDKI1 0.998 4 90.37 53.5
p-actin 0.999 2 92.90 55.0

(RNase H)HEAT [ 58k #5358 il 347 RT-gPCR 5L
1, K SYBR Green I(BIO-RAD)F/EDNAZE & 4ekl, I
¥4 B-NLzh & H (B-actin) HE N Z 2 K. Af F Primer 51%
THEIY, G158 BUE X AT 1S R AT eIk LU
PRSEEG AT SR . 3 H9RET N 95 °CHAEE30 s, 95 °C
S s, 1B KGR E R IR K10 s, 40MEFR, 45 J5 bt
IR ha Rl 4. AR R A M XU B 51 7
JFBIRIR 53 Sl AN 1 27 o
1.10 BIESHh

I8 I ] R ANOVAKL BE 51256 B s, 40 #r %o 1
A CuO NPsAEFRAH A1) 6 R, 45 3 LS Hhx
1HE 2% (xs)[H 7R, J-(#HIBM SPSS Statistic 19(IBM
Corp., 412, 3 RS2 o 88 247 2 LR 5, L
PRI RT-qPCR#] i 56 252 413 33 AT b Ak b 4 )5 753
TREWZER M. EP<0.05/KF T XA HifE ik
TR FE R

2 R
2.1 CuO NPsxfHepG24ifa 77 5 X FiEFF EAHE
EEHERN R

22 3 AN [F) W FE i CuO NPs%: #224 him, 4 A7
ERWMENFTR, L E R EIR, B4 CuO NPsHKE
()T, AHAETE 2 B N REE S, 5 xd I 2H 240
TEWEEAL, 050 1. 24 4. 8 mg-L AL FH 4140 fu fF
TN BE, M 16132 mg- L1 &b 7 25 41 g A7 35 2 b
BN, AR IET50%. E2rR 3 8 B e N
HepG24i i 20 & [FIFE 72 38 T b 1

£2CuO NPs% 7524 h/5 % 4 2 2H 55 77 35 (1) 5
I FE W FE B 3T~ . CuO NPsAb 3 21 (1) 4 % b
AR S AL AN tL AT 5 A1, A H A R RN
] %0 Y FE B BE 5 CuO NPk [T | F%, &%
A T2 ) 2 DR FE R 20 ) 5371 4.69.4.00.3.79,
3.51. 296, 2.76 mmol L™ ASZIG 5 7E#F 78 IE 2
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FEBEI L R (ICuO NPsXFHep G241 i 45 A 5 11 5
W, #EE0.5 1. 2. 4. 8 mg L 'WENIER LI
FBIRE
2.2 CuO NPs%tHepG24HAa#E R A 2200

N T AR TR ICuO NPsX HepG2.4H i 4
AR RS, A SEIE I 58 T AN [ CuO NPs % 2
JE Hep G220 i A A T 1) £ Bt o 8 D A2 WA i I
P o B B ) A AL AR bR, TERE AR R I S e A R

100
80

60

Cell viability /%

CK 05 1

B 4 iR o) i S B 57 2E (gluconeogenesis) 1 F >k 4
R R A 2 TR AR €, M0 € Hep G224 I A 03 5L 1) 255
R | R4 T CuO NPs% 2 J5 41 i 3 BEAC U A2 15
KA EAFTR, 28 T AR FICuO NPs
24 h, 5XFRELAR L, HepG24H My Py (1% J5 35 2 3
R, JF H B AWk B v, B 4 CuO NPsik B 1)
i, B S BT N IR, S A s AR A
0.52. 0.41. 0.35. 0.30. 0.22. 0.15 mg'mgprot ',

4 8 16 32

CuO NPs exposure concentration /mg-L™!
AN[FHE CuO NPs B 7% Hep G241 124 hJi FIMTTIAG M40 L% 7, n=6. *P<0.05, **P<0.01, 5CKZAMLL .
Different concentrations of CuO NPs were exposed to HepG2 cells for 24 h and the cell viability was detected by MTT method, n=6. *P<0.05,

*#*P<0.01 compared with CK group.

Bl CuO NPs& E/SHepG2HREHIFIER
Fig. 1 Survival rate of HepG2 cells after exposure to CuO NPs

100 pm

100 pm

AR CuO NPs FaHepG241 124 h/i5 B 1181 B W AsE FIdip. A: CK; B: 0.5 mg'L™ CuO NPs; C: 1 mg'L™' CuO NPs; D: 2 mg'L™" CuO

NPs; E: 4 mg'L™' CuO NPs; F: 8 mg'L™' CuO NPs; G: 16 mg'L™' CuO NPs; H: 32 mg'L™' CuO NPs.

HepG?2 cells were exposed to different concentrations of CuO NPs for 24 h and photographed under an inverted microscope. A: CK; B: 0.5 mg'L™

CuO NPs; C: 1 mg'L™" CuO NPs; D: 2 mg-L™"' CuO NPs; E: 4 mg-L™' CuO NPs; F: 8 mg-L™' CuO NPs; G: 16 mg-L™' CuO NPs; H: 32 mg-L™' CuO NPs.
E2 fIEEHETHHepG24AAE

Fig.2 HepG2 cells under an inverted microscope
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2.3 CuO NPs¥{HepG24ABEPFKFIPC & RIS
% CuO NPs#:#z 24 h/i HepG24H ffil PEK A1 PC
WA E SR . PEKAI PEPC) il 2 B B R (gly-
colysis)FH B 7 A2 ik 72 A i SC BRI T i . 50 R
FHEE, 4 mg- L™ CuO NPsib 3 20 HPCiEPE 3 E T,
RO A £10.109 U, H A A FR A FodE e R
B T 4% A 3 40 AR PRI 36 12 T 45 28 R B, 0 il
0.140. 0.081. 0.164. 0.177. 0.092 U'mg '.
2.4 CuO NPsxfHepG2AREFENX 5 #E X R E RIA
DA EAL
NTHE—BRE FR SRS R, AL T
AR o B O R A DG R DR Y R A . K

Glucose consumption /mmol-L™

CK 05 1

2

5o 45 R (Kl6) R, i %) W% 12 78 (glucose transporter,
GLUTI)TE0.5. 1. 2 mg L 'AbFRA BTG £L T
W, 5 2 R xR A 10,75 0.48. 0.651%, {H & AE
4 mg-L'AI8 mg LA KX & LT+ T, 1A REZH 1)
LA3FN1.724%; Wl W% fe ok 5 v G Bk Bl PR MY 135 1R SR
B 4 -2 (phosphofructokinase-2, PFK2)H. 45 25 BL 1)
KIENGOL, SATHRAAA LY, 258 5 2 D i Rk N
B T, IF HEEEWRIE G gk BTt (HPFK2
1E8 mg L 'I W3 B, 21 % A 191.914%,; S hE%
i R T IS %) R S A s A7 1R A G s R ] 6 W O 5% R 1l
(glucose 6 phosphatase, g6pc)HIFRIATE %, 0.5. 1.
2+ 8 mg- L 'AbBEAH 73 ) £ Dyt FEAL190.44, 0.15.

4 8 16 32

CuO NPs exposure concentration /mg-L™!

AN AR EECuO NPsF s Hep G241 124 b i 5E 15 77 2 v (1T G 0 2 B, 15 CKAD HEAF T &0, n=6. *P<0.05, 5CKZLMLL.

Different concentrations of CuO NPs were exposed to HepG2 cells for 24 h, and the glucose content in the culture medium was measured, and the glu-

cose was compared with the CK group, n=6. *P<0.05 compared with CK group.
[E3 CuO NPsRBBRMMIEFENBEREIHES

Fig.3 Consumption of glucose in cell culture medium after exposure to CuO NPs

< < < o <
) w IS W =N
1 1 1 1 1

Glycogen content /mg-mgprot™!

<
—_
1

(=]
1

CK
CuO NPs exposure concentration /mg-L™!
ANTFI BECuO NPsH s Hep G241 24 b il 40 M A FRTHE & i, n=3. *P<0.05, 5 CK4LAHLE.
Different concentrations of CuO NPs were exposed to HepG 2 cells for 24 h and the glycogen content in the cells was measured, n=3. *P<0.05 com-
pared with CK group.

0.5

1

2 4 8

[El4 CuO NPs®EZ/GHepG2EAMEIR & &
Fig.4 Glycogen content in HepG2 cells after exposure to CuO NPs
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0.121 *
., 0.101
© % T
£ 0.08 £ 0.14-
- Q 0.124
= >
= 0.06- =
> S
-5 i <
5 0.04 %
O
&~ 0.02 =
- 0
CK 0.5 1 2 4 8 CK 0.5 1 2 4 8
CuO NPs exposure concentration /mg-L™! CuO NPs exposure concentration /mg-L"!

AN B CuO NPs# 5 Hep G241 324 h/Ji5 Al A5 &l 58 PCFIPFK B BHE 1, n=3. *P<0.05, 5CKZAHLL,
Different concentrations of CuO NPs were exposed to HepG2 cells for 24 h, and the enzyme activity of PC and PFK was measured with the kit, n=3.
*P<0.05 compared with CK group.
El5 £CuO NPsHFEFPCHMPFKAYEE
Fig.5 The activity of PC and PFK after exposure to CuO NPs

_ 777 CK 7z CK
(A) %2_ 0.5 mg:L"' (B) 2.64 S 0.5 mg-L!
5 224 EEE 1 mgL! 244 1 mg:L™!
5 2.0- E32mglL! ° 22 = 2mgL"'
2 18. L 4 mg-L" o0 2.0 1 [ 4 mgL !
Z 1.6 3 EEH 8 mgL! S 1ol EHH § mgL!
% 141 & 14l
o 1.2 § 1.2
5 1.07 2 1.0
% 0.8 E 0.81
o 0.6 = 0.6
0.4 0.4
0.2 021
0 04
PFK2
3.2 4
©14 ® 3]
4 — 2.6
.q:) 1.2 :%, %‘21 ]
z 39
Z 081 2 164
206 g 144
£0.6- Q12
2 = 1.04
] 0.4 % 8% |
& 0.2 % 04
0.2
0 51
CK
(E) 1.0 () 0.5 mg-L!
— 1l mg-L"!
T 084 % B 2 mg-L"!
5 = [0 4 mg-L™!
:E 0.6 <Z: B 8 mg-L!
z V.01 ~
[ =)
5 04- 2
= =
= 024 &
o~
0

PDKI

HIRT-qPCREZE KL MIZE CuO NPsH: 5524 /5 HepGRAH AU TR SIS A2 I ABFRIA /K. A: FIEINERLIS; B: MR, C: MER/L; D: B A AL E:
WSRO0, F: TCATRIR; n=3; *P<0.05, 5CKALMLL.
RT-qPCR was used to detect the expression levels of enzymes related to glucose metabolism in HepG2 cells after exposure to CuO NPs for 24 h. A:
glucose transport; B: glycolysis; C: gluconeogenesis; D: glycogen synthesis; E: glycogen decomposition; F: TCA cycle; n=3; *P<0.05 compared with
CK group.

[El6 CuO NPsH& 3= fFHepG24AEHENR i HE X EE I RIEIE.

Fig.6 Expression of glucose metabolism-related genes in HepG2 cells after exposure to CuO NPs
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0.56. 0.80f%, 1M 7E4 mg-L ' FEAH 5 ETF, 49N
13448 T AR ER I 34 v B S SE G IDH2 1 HH B 1 A%
b, HAES mg LI B PR 30k 225 B, 50 B A AR
b B 12345, S0 IR G ok oG BE RIRE R e
fi#3B(glycogen synthase kinase 3B, gsk38) 1131k I
T BT, HAE8 mg L AbHERA RIA T B, 2%
HEAEH 11924345 1 5 %) FEZEAR EL, B 5 A B (glycogen
synthase, gys2)IFKIETEl mg L' 23 B, 4N
1.944%, 752 mg-L'fl14 mg LI R8T, 2 5Z0H
0.61F10.531F 5 551 Ji Ak A O 56 DAL 5 1k P A iy
(glycogen phosphorylase, PYGL) 1] 3 15 1F 75 > 4b 2
A B2 R, AR T XS IR 90.251%

3 g

CuO NPsH TPk 380 2= 1 i B R 4F
PIPERE, |z B T %A A3, AT X BR 58 A AE )
i BRI FE S, SRR ENIN) 2 K. R
A S 2 A AR B U R I, KR B dd
ST Sk N A L, 4505 A0 L, O o 2R A4 Bl — e
it (HAEEIEIR E R CuO NPstT 41 o 4 A 1 1
U HI D NI L. R TIRFUIXAS R, A58 LA
HepG241 ffE N2 iR EW), X 5 55 f5 40 B IO 4735 R
BR R AL N AR RE R B S A DA RO AR A
RIE R B ZAK 1B DA TR, AR FE F sz L] o

A SIS W KRB, £CuO NPsE 7 J5 2= 5 41
Mo (B, 5 B %2 2 T HepG24H i 54 =
TR X5 Z AT TS R 3, WANGEEPT
42 CuO NPsFICuO BPsXTAS5494 il £ PE [ 5 1, 5k
45 45 B K MLCuO NPs[A| A2 5] A2 AS4940 L 1=, #)
T2 A7 R . PEAh SIS 45 IR B, Z£Cu0 NPs#:
R Jo 7% PN A BE (09 FE B b (B12), &
CuO NPs# iz J H Py i (1) & St 2 0 2 35 R
(KI3), X P 02 A — 2. FFEIE b 5 o) i 5
A VA KON S 2B A AE A B AR A T R 1R AR
F, b R o R SR AL AR IR 2R R G, JFiE 38 ks 5 &
B A B IR R BR A R REDT . S 2, W R o R AR
S 110561 267 0 £ 5 DA &7 O S 1 ] 26 0 £ 2 LR Y
KAPIRAS, 18X (ML) 4 R F LA 4 BB AR -

N T EIREN T f#CuO NPsXHepG24H i #4147
SR AL, 5256 K FIRT-qPCRIN & 7 #HAC 41 id 72
HHOCHE R I R IE TG L. M & M e R 2 A%
B R AR, GLUTIZ H i & 1) i 2 4y

i) W —RE A, FEATTR T AR, &
Tt 70 2 BH L AE i e 248 B o 1) 3% 008 02 vy T A L 2
JL e ZEIE P, R TR Dy g b 54, T HepG24H
LT N AR T Je 0, R PR B2 B vT DL A HepG2
Y1 T GLUT 1 2 325 1% 0 2 A1E 41 i %k 76 22 9% £ W
Wil R EREFET05. 1. 2mg LA
MIGLUTIFE HBL T N (El6A), 54 %) B i
FEUR D AR BL, {H 2 fE4 mg L' AI8 mg L 'Ab BE4H
GLUTIZRIE BN FAAA e BT, 02 i Tk il
R AR, O T AESR A AR AR E I T GLUTIY
FIKRIE o 1G5 1 SO T FE T AR N,
B R BICuO NPs# i 2> B Hep G241 [ X6 7 %1 B 1)
WS AT, AT S5 Vi) 248 ERXT R A KR

W i H A 73 S48 ) 1 4 26 0 22 SR A, BILAR A
N i B RE RS IS, JHERE SR AT i i T, SRt
REHE LA e N 78 A I, AR S R
JE IO A7 T JFE 40 M S LA B b, T FE R B S
I3 MR E BT A2 9 25 AH S i A%, T AE P A i
W S OB AR ) L E R P, PYGLA gys2
T3 W SR AR I PR IR R . A SIS 22 7 CuO NPs
% & Ja PYGL(EI6E) M gys2(&l6D) ) 3R I8, K AL
T-XT IR, S A FEH P PYGLII R IR B E NI, AT A
T TR B PYGLAE 73 Ak 22 SEAE PR I s 4R L 2 18 T
PO IX 5 ARSI 45— 2 Migys27E1 mg L' CuO
NPs % & I 20k 2 B, 55 AT 68 2 IR N 2 B /i
ST 240 Jf SR AS B0t B 1 AR R BIL ) T e R s b
Jt, M7E2 mg L' CuO NPs% &% 14 mg-L™' CuO NPs
T B I DR 0 T B, R 1 S 15 L 36 B
Ir RS G BB 2 B 1] X 3O SRR
P 1 o, PFE X 80 267 R SR DL L, 504t i 4 b
I B S FEARIY . gsk 3 B A I o) — O i ik
DAL, (7] A+ 1 267 W A 1) SR 70, i o el AL
Ji7 4 R (phosphorylated glycogen synthase, GS)Ifill
FLIE I, PR AT TR0 i (0 B, A4S P IR AR 2 T
gsk3pEE R ik EFH(El6D) M 55— J7 I fil BE 1 1l
PN s gk £ D R

W % i T 72 P A AR A A a3 AT 60 28 0 4 A 4K
Wt s 228 o 1 3L (R AR, E R B0 VE FH T ]k 4
R o e o A B R, AL Ihe AN o A i AR B 28 3 D
AR T K P ] 2] A 30 A D5 75 5 v SR ) T e B S5 2
TEAT WETREAGE, TR S A 5 I A A U A e, R SR
R T AR FC) BT BRLUE e, LA T 30 o 0 e A K R o
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BRI -

T AR S ] R RIORE 5% P 2 W T4 i o 18 1Y) 9K
Sy, LGS I S0 B2 bE R T R, AR SEER LA
Wy HRNAZKF- {5 1 5 (KEl6B), PFK2W] LU i
S e SRR -2,6- Bt A O 1% it 1) B8 252 S ) ) FA) A
7T S TR W T i % ) T, L RIA I £ m] g it
SRR AR, AE K B FLIRFIATP, LA &2 i 40
T BE O e B ) PRH T SR, (H &5 RER B PFR21) 3R
IR, R AR S B, SR T e iR E, S
JHEAFIE 2R B — 2 1K (8 mg-L™) CuO NPstb
FHOH H AR B2 BT, AN R th TR EE &
HELTACEI K ELIL R . g6pee b 7 A I8 42 ) O B 1y,
TERGIIVE R A2 R B -6-1 R, Sie el 1 Hkak
T OL(El6C), 4 REW HRE MM T M. bbb
A B B BFPCIE PE AR (LB 5 H—5.
BE R, CuO NPs B & 2 401 il Hep G241 i 1Y) 4% 1% i
b e R R

7 16 12 1 ¥ (citric acid cycle) X 4% #x NTCATRE
W, bE. IR IR G A S o A i ol
WX ZH o 781 ] W0 1o W % i 2R AR A TR B R, A T TR
A A R 2 T Al ERA(CoA) JG HE K7 5 TR 1 A5,
PRI %) 48 A R e 8 2 5 AT I R i 38 ) O
R, B DAASZIR PR IT 1 A2 S S TR TR I it &
1 (pyruvate dehydrogenase, PDK )15 I (K
6F), K PLCuO NPsF i Jri LR IE B3 T i, HRiX
1500 5 I SCPFK2 M 3R TE N I AH — 2. 1M TCATE A
1 % i I S A7 45 R i & B (isocitrate dehydrogenase,
IDH2)[ 1k (Bl 6F) A t B A (1 A AL ka5, HAE B
o 2 R VR L I R 2 25 BT, FRATTAE M IX AT e A
NTCATEIN 32 2 AU SRS Wi i i, {H AT DL €
FTR FE I CuO NPs# i 23 W TC AT i i 5 I 2 (1

S o

4 LEig

gk b TR, AHE 4G R 4 CuO NPs#: i3 )5,
HepG24H i (17 1 AR 5 52 2 B 2520 . 6] ) 0 5% 12 1)
L RIGLUTIZRIE N, 4 i (I3 58 RE J1 K F% ¢
5 0 2 A AR DRk R I AR R R DG B R PR M
PFK2FE K [ ZRIE 35 R, fH PFK2AE =k (8 mg-L™)
CuO NPsAb 3 235 b Fb; B 57 A2 1842 35 Rlgope )
Tk 2 R AT TG 1) PR B IDH27E =ik
(8 mg-L™") CuO NPskb BRI Ik b 263k i 3% F i, H
JE A A I Kl gsk3BRIE LTt gqus2 RIKAEARIREE

(1 mg'L™") CuO NPsKbHERT 225 b T B i 70 fif 525 I
PYGLFIXE# N, S22 CuO NPs#: #& I HepG2
2 BT B o e R IR, TR R B A S
I f, FHIBE AR ARE 542, CuO NPsiRyiRk B HE 58
25| E M P R 25 L
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