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Xof Bt A B 32 AT 4 AAR AV iE 3L X EAE LSR5

ERHE FEES OKREERE WREF MHR AR F R sapt
(MR AR A AR 2R B, 2H Y% 312000; UM RS HE S 255 78 At AU 310018;
SN B Y & BB, 442 312000)

HBE  xF CBLR I (acetaminophen, APAP)Z 7| A2 &I X8R £ 209 R A, {2 L a6k
FAAES TR T . ZAFRIES T RERE G APAPH 24 AT ta fit, S+t at sh s AT S AR, %
MR 3 A 69 AML-120)~ BT 40 0 R 5 338 38 5 32 5 APAPH 25 20 it % 5 4m ie3t e ) 4m iR 38 74
%8 77; Mito TrackerFA=H,DCF-DA % 3| 4] £ # AR I 45 An B, B &1 K -F; GSH/GSSHAR M 4m e B
AL B8 775 qQPCRAE M 40 iR 25 B) & A 7K-F-; Western blott& & & R K-F. mIAE L T 3G Fodt 2h 452
491.25422.50 mmol/L APAPH 25 AML-12/T 20/, 248 5 iR EAPAPX )5, 5f B4Rk, w254
I IE TE AL /) 5%, ALA B KK, RERIE B3 KF 5, GSH/GSSHIE &, #t—F R4 RS+,
it % 28 48 JL AR BB SN2 R de B RGATE IR 5, f B T A8 A5 Tl A INK A A8 % A B &
W T, Mok B R IEst Ba, wF2h L0 mIoht o) fet R A B R A RKFH AL AR E T, 125
#e AR E B AL £ 6942 F A FFoxal #77Foxa2 mRNAFZ A K- FEEHA 5. ZARES T ¥ fodt
2 M RALSE 69 APAPT 25 AT 40 iR, Wt 2 MR 69 3RAF S I B Re A A A T e A 9IRS AR X, FFRT
REREPANAL TR FLTRAL X —id42, HRAFR AT HIE EE T 3.
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Establishment of Acetaminophen-Resistant Liver
Cell Line and Its Possible Mechanism

Cao Huanhuan'?, Mao Yulei'?, Chen Juanhui', Chen Jiayuan', Zheng Ruipan',
Cen Mengjiao', Ni Jian', Jin Lifang'**
('College of Life Science, Shaoxing University, Shaoxing 31200, China; *Hangzhou Precision Medicine Research Center,
Hangzhou 310018, China; *Affiliated Hospital of Shaoxing University, Shaoxing 312000, China)

Abstract Acetaminophen (APAP) is the most important common cause of acute liver failure; however,
the exact mechanism of toxicity of this analgesic drug is not elucidated. In the present study, we generated APAP-
resistant liver cell line and determined their basic properties. AML-12 mouse hepatocytes were cultured with clonal
cell density to generate APAP-resistant cells by means of gradually increasing the concentration of the APAP drug.
Cell proliferation was determined by cell counting. The levels of reactive oxygen species (ROS) and mitochondrial
membrane potential (MMP) were determined by H,DCF-DA and MitoTracker detection, respectively. The levels of
mRNA and protein were determined by qPCR and Western blot analysis, respectively. We successfully established
1.25 and 2.50 mmol/L APAP-resistant AML-12 cell lines (ARCs). Cell proliferation analysis revealed that,
compared to the control group, ARCs had high proliferation capacity, low ROS levels, and high MMP and GSH/
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GSSH levels. Furthermore, Western blot and qPCR analysis showed that the expression level of the Nrf2 signaling

pathway was up-regulated, whereas the level of the JNK signaling pathway was down-regulated. In addition, ARCs

retained normal hepatocytic phenotypes, except for the high expressions of Foxal and Foxa2 genes, which were

related to chromatin remodeling. We successfully established APAP-resistant hepatocyte lines with low oxidative

stress levels but with retained normal hepatocytic phenotypes. Activation of Nrf2 and inactivation of JNK signaling

pathway appeared to be involved in the protection of hepatocytes against APAP-induced cell apoptosis.
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PIR(10 pmol/L). 7 pL ddH,O. 1 pLA #(cDNA).
SN AEFE: 95 °C 2 min, 95 °C 10 s, 60 °C 40 s, LL
0.5 °C/sH13H & 65 °CHI95 °CHE [R5 sich & — IR 9¢
el FJaRIFIEM LR . e LIRS, ke R
96fLHK, & T LightCycler 480 II %! %% )¢ & B PCRAX
HHEAT SN, SR FHAE X 8 3 43 ) o0 A % 2H L R b
HEVHIMRNAKE, HAt B A Ly HEFAR SV
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* 1 PCR3IMIFFIR
Table 1 Primer sequence of qPCR

ElEZEZR S S HI(5'—3") 19 1 BUK B (bp) B KR EE(°C)
Primer name Primer sequence (5'—3) Fragment length (bp) Annealing temperature (°C)
Bax-F TTC AAC TGG GGC CGC GTG GTT 95 60

Bax-R GGA GAG GAG GCC TTC CCA GCC A

Bcl-F ACG GAG GCT GGG ATG CCTTTG TG 106 60

Bcl-R GCA CCC AGA GTG ATG CAG

GAPDH-F AGG TCG GTG TGAACG GAT TTG 102 60
GAPDH-R TGT AGA CCATGT AGT TGA GGT CA

Gele-F GGG GTG ACG AGG TGG AGT A 124 60

Gele-R GTT GGG GTT TGT CCT CTC CC

GSR-F GCT ATG CAA CAT TCG CAG ATG 65 60

GSR-R AGC GGTAAACTT TTT CCCATT G

Foxal-F CAA GGA TGC CTC TCC ACA CTT 96 60

Foxal-R TGA CCA TGA TGG CTC TCT GAA

Foxa2-F GAC ATA CCG ACG CAG CTA CA 216 60

Foxa2-R GGC ACC TTG AGA AAG CAG TC

Nrf2-F CCT CGC TGG AAAAAG AAG TG 80 60

Nrf2-R GGA GAG GAT GCT GCT GAA AG

SOD1-F GTG ATT GGG ATT GCG CAG TA 113 60

SODI-R TGG TTT GAG GGT AGC AGA TGA GT
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AT G OR 2T AR AR ZE R (E1A). K APAPIK & H
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7N, Tt 24 ZE 240 3 5 i B Y v T o0 R ZH (2B AT
20). i 254N ERIZG R 32 60K I, BIVE 7 FH AR B
T 25 K FEE (R APAP: 32 7~10K,, 20 AT e (- L 1
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Ji, K FH qQPCRORIER [ 57t E[1ZE R ARG I 7 45 2H 441 Ffa A

A EH UYL M %%1.25 mmol/L ARCsIKHET4; B: 2.50 mmol/L ARCs[{#Ev%; C: S NI & 441k s .

A: Giemsa staining observation colonies of 1.25 mmol/L ARCs; B: 2.50 mmol/L ARCs colony; C: morphology of cells in different groups.
E1 APAPTHZ5AT4RAR(ARCs)HRATEE 3L R ZBARFL A5
Fig.1 Generation of APAP-resistant AML-12 cell lines and their morphology
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A-C: cell proliferation analysis between control and ARCs groups after hepatocytes culture medium (A) hepatocytes culture medium containing 1.25 mmol/L (B)
and containing 2.50 mmol/L (C). APAP withdraw of APAP for 60 days, Giemsa staining observation morphology (D) and proliferation analysis (E) in
ARCs with corresponding APAP treatment. ***P<0.001; ns: no significant.
[E2 APAPTHZRT4BA(ARCs)¥RIEFERE 440
Fig.2 Proliferation analysis of ARCs
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**P<0.01, ***P<0.001.

The value of GSH/GSSH

53 APAPRMENTZLALMAAIROS. MMPLLK GSH/GSSHERIAK FE201
Fig.3 The effect of APAP on the levels of ROS, MMP and GSH/GSSH between control cells and ARCs groups
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The value of Bcl-2/Bax ~

Relative expression of GSR

Relative expression of SOD

A: Western blothr il % B8 41 A1 24 40 N2 #lp-INKEE (17K F; B~E: qPCRAG I R LA 245 41 e AU Ab i DG I SE IR K7 Fe B Lok R
KK #%P<0.01, *#*P<0.001.
A: Western blot analysis protein level of Nrf2 and p-JNK in control and ARCs groups; B-E: qPCR analysis the level of anti-oxidation related genes; F:
anti-apoptosis related genes in control and ARCs groups. **P<0.01, ***P<0.001.
[El4 APAPTHZ 4RI EWFURTRENI DT
Fig.4 Anti-oxidation and anti-apoptosis analysis of ARCs
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A: Western blot#a: Il % & 25 Fi i 24 2H 41 fi Foxal fllFoxa2 &% [ i 7K F; B: qPCRAG I & 28 AN 24 28 41 i Foxa 17K “F; C: qPCRAS I X5} i 2H A 24
AN Foxa2 mRNAKF. #*¥P<0.01, ***P<0.001.

A: Western blot analysis protein level of Foxaland Foxa2 in control and ARC groups; B: qPCR analysis mRNA level of Foxal; C: Foxa2 mRNA level
in control and ARC groups. **P< 0.01, ***P<0.001.

&5 APAPTIZ54HAFoxal FFoxa2ZE H BFImRNAZK 4G
Fig.5 The mRNA and protein levels of Foxal and Foxa2 in control cells and ARCs groups

Je T R AR, T 245 2 40 I AE 25 B FR30°R ), R Alb(albumin) f1 AAT(alpha 1 antitrypsin), b1} %
FHqPCR A Western blotfi Ml 1 £ 21 4] ffd AH 5¢ & A #% ¥ 5% A FHNF1o(hepatocytes nuclear factor 1
AR A RIB K. g5 FuESHrR, FFDhaEAH ¢ %% o). HNF1B. HNF4all FLHNF6P$ i /K F I K &
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