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TEEMNEHESE B, FSARFARSERGITHRIENR

HEW, ®* T, BHI, FEE, KA

(1. B reoRee i be, bifg 2013065 2. 3Rk ™ o in LR CREHOAR WS oty B 2013065 3. Rk
TR B 77 it R B o k22 A MU AP A 9230 %, g 201306)

 OE: N TR TSN (COS) X H M RER B, (AFB, ) i3 K RUH 40 ( BRL 3A 41 i) #5485 13 19 T A
FH, R CCK-8 {43 T & AFB, X 40 B i)~ B il vk i (1Cs, ) F1 COS o 4 i 7% TC 458 5V F ok B s AR &
il COS TALFRAMNAE 6 h 5 FFIIA AFB, kL5557 24 h BYAHMLAEIE R IE M4 (ROS) KOF . H B (MDA) %
7 JE ALY AL (SOD) W 1 B I H Ik S-FE A5 (GST) Y M A4 i 4 -3 ; 3l 3 Real-time quantitative PCR
(RT-qPCR) il %& Nrf2 .Keapl ,Ho-1 Ngol .Bax Fil Bel-2 FE[H i) mRNA #5355 & ; )5 83 RNA-seq W58 50 #r
2R RAEEPVZRBLME FERR, 455 AFB, XF BRL 3A 4L ) IC5, A 15. 86 pumol/L, COS ¥R /N F
125 wmol/L B AN 2 Xt 248 Jfd 325 ) 3 M43 495 5 COS AT LLZEfi# AFB, 5 1E 20 ia N ROS /K F-F1 MDA & 2 7 =i , 3
3% SOD F1 GST R , 3E 1M 45 & 40 M ) S i el ke 70, IR I T3 AFB, nf 5 AR I T2 2E [ Bax 119 18
FEFIA(P <0.05) , I WEREAK Nif2 Keapl Ho-1 Ngol (1% 37K (P <0.05) ,1fij COS Fib 3 I 5 b 2 42 &
Nif2 Keapl Ho-1 Ngol FEH 3235 (P <0.05) | B 3EREAL Bax (325K (P <0.05) ; 7E RNA-seq [ 5 544
54 h, COS AT el AN A R PASO XJ AR Bt i) ACSHE AT 25901 C- 40 i €4 R PASO 1 p33 {55 1 B ik
R GEfR AFB, 53 A IESI (P <0.05) , 450E3R1W] . COS TRALHXT AFB, 755 K BRI 4 Ml 119 754 43
B EA THER , LHLE T RES Nef2 (5538 #5240 (038 PAS0 X SR I i A/ L 25 -2 i ta R
PAS0 I pS3 {553l KA XK.

K2R W EEER B, FCTENE AT Pl

hESHES: TS201.3 XERARERS: A

w27 R (aflatoxin, AF) Jg—28 F 2l 8
i & ( Aspergillus flavus ) Fl 3 4= i & ( A
parasiticus ) 75 1 BA 2RI PR A R A9 IR AR
W, Hod, ¥ il % 3 K B, (aflatoxin B,, AFB,)
MBEPERGR . CLARUESE AFB, 235 T 40 i P AT
355 (hepatocellular carcinoma, HCC) i) & KA+,
AFB, B A5 BT 48 9% 8 ( hepatitis B virus,
HBV) 175 B AT 4 9% 5 ( hepatitis C virus, HCV)
HATYRFIVERT, mlE i 5t 14 F0 0055 14 16 i fie 2t
HCC A& . AFB, R T HA S0  Som; 80
YRS, B 2 R BUE A R VERK IR
FERNN >, Tk [ B F 75 HLAY ( International
Agency for Research on Cancer, IARC) %]}y T 2%
Homyy© . RAE AFB, : IR A E R

s H#A: 2020-11-24 f&E BHE: 2021-01-04
EEUWH: BRESVAITRI(2018YFC1602205)

WE R AFB, S oA 25 7 40 B E O
= SIRENE SN L S PN I SR RN
I, ZHENG % 50 & 8,4 pg/ml AFB, 435
YEF T Caco-2 , HEK , Hep-G2 A1 SK-N-SH 4 Jifg,
ST AT 2 A A | $2 i FLIR B U (lactate
dehydrogenase, LDH ) 7K~F- | FEAIK 40 fa 70 A AL 7K -
s TG AFB, B A B PRl T 5
Vi AR, L2 D B9 & B0 AFB, 2 F50A
XS 09 P58 43 , 465 JHF 2 2102 s 72 | L35 e 3 1
) N I =W R T S 1 D) S TR o=
(reactive oxygen species , ROS) il 8-} KL il S/ I
¥ (8-hydroxy-2' -deoxyguanosine, 8-OHdG) 7K -
AT o

o3 B ( chitooligosaccharides, COS) J& F 7%

TEEB A WM (1993—) , 2 BB A, IR 5807 [ o & i AE P4 AR o E-mail ; violinal 5@ 163. com

BIEEE: K 78, E-mail ; jou@ shou. edu. cn
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B B AL 2 I BRI AR AT AR W 5E R
W — K AR 1, B /N T 20, P 4443
T/ 3.2 ku, Bk A COS skt 6, &
BIRETE e KSR T, INER 5T B e SR .
COS BAHUAM PR IR 5% BT P .
PUBE I, AR 37 4 22 45 22 B W IE L QU
ST T L MR /N BURE L A g A A
COS 1ty A H MG BRBE 1 , 7 i AR W5 AR/ B 4]
BRI COS 2 FHEUNRRYE I by
A ALY AL ( superoxide dismutase, SOD) |33 %
LA (catalase, CAT) F4 e H Ik i 280 A ¥y il
( glutathione peroxidase, GSH-Px) {4 i & B0,
BR i COS HA —&E Pt a8 im 1, 7 Bl IR
S 32 R R R B2 1) /0 B N T AR T 1 O
PE. HUANG % 58 42 B, COS Tk H mf LA
K Cu®* i 51 SH-SYSY 4l i J1 (1 F4AIC Al LDH
FEROKE kg in, [/l Bt COS Rl T Cu® " i F 1
Y AL R Caspase-3 FEPRTEAL K-, - 428
WO A% P 7 41 &R 2-4H G P §--2 (nuclear factor
erythroid-2-related factor-2, Nrf2) {551 %k 2% it
Cu®* 5 5 (0 240 i e AR A8 455 o

PRI, 35 1 DA R 58 i, A% SC DL R BRUSF 41
NI (BRA 3A Zi1i) HAFFER A, il Btk sh s
Kok tE5E COS X AFB, 75 SR U240 M B P45 43
T TR, LAS R A1) BT A T A ) SR 4R 7
P AR I T B 2% X8 BT IR 1 8 A 40 40 1 9 it
LA

U BRIk

1.1 SSEHBE5EHE

KR4 (BRL 3A 4l , o E A& 2B -
P Rk I 5 B 40 %8 5 COS (431 1220
w) , IZR TLRRE A= W B2 25 £ R A FRZA v s DMEM 5
B 975k, HyClone 20 w5 JiG 4= L (FBS) , BI 24
Al (LA S]) s — B ( DMSO ) | B 2 2% v i
W (PBS) A TAY (L) ety A PR Al H
BRI (100 x ) JRA FIHF BCA H Fuk B2
SERH &, ALt R FE R R 7] ; CCK-8 ik
5%, DOJINDO A ] ( HA) ; Western ¢ 1P 21
W ROS A7) & A Bt 4 AL (MDA ) A6 I 157
& AL B A (SOD ) 3 1 AG I R &, 2
BRAEYIBARL 7] B W H BR-S e F Bl (GST)
AERGR G, m At AR W) LR ST BT TRIzoL

), FEB R RBHL () A BRZ R 5 HiSeript 111
RT SuperMix for qPCR | AceQ qPCR SYBR Green
Master Mix, g 50 MEBE A2 9 A7 FR 2 71596 ffL
M 6 FLAR | 4 355 5% ML 40 Je 3% %8, Corning 23
Al (361 ) ;0. 22 pm £k PE A%, PALL A 7] (3£
) o

FHAL AR BBISO — 4 Ak ok 1 ifi 55 5% 48 I
NANODROP 2000 435 B 31, W 5 F8 8K Gt /R
BHE () A B2 7] 5 OptiMair ™ 3 B Ui 14 T
YEG W BB 22 S B AT BR 2 7] 5 AE2000T
{8 A= ) AR, T B 2 o B g Sl R A R
3 TD3 AR B, W E ) A S 56 28 A%
TR A BRZA 7]  SYNERGY2 2 DI REREARX, 1 A
TR A PR 7] (3G ) s CTI4RD (8 ve R 2
DL B bR A s TRA RA
H); BD FACSVerse 7 =0 40 2 /¢, % H Becton
Dickison ( £[H ) ; QL-902 i iefik AL , 14 B ] Tl
bR DT IR ASC s i 3 A7 BR 23 7] 5 ABI7900 %81t 5 it
PCR {¥, g B Applied Biosystems; G2965A Agilent
2200 A=W 3 A AR, W B 2 BEAE BB IR A
CiE
1.2 {ApmiEsE

K EUF40H ( BRL 3A 21 if) 7 A ARk
N 10% BG4 1L 100 U/ml FH 5 ZE A1 100 U/
mL 5% R A DMEM JE3REE, & TR 37 C
5% — ARG FRAE P B 9 . AFB, Rl COS
53 SV fRAE DMSO FB4lizk il % AFB, 1 COS
TAEW (1 000 x ), AR FHFTEIH5H 0. 22 pum
BESR AR AR T U8 o 40 43 o 7 40 i % S I
FEM R EESR 72 AFB, I COS AbHHT , BUHFI0M
R A BT 50 T — s Y R 114 200 i A AR 4 o A
96 LR .6 FLAREHE Fr ML, 4 Fb A 20 i 3 77 24
h, Horpr DMSO RZAATRM BN 0. 1% .
1.3 4REiEHRME

AFB, X240 £ 1 Z0 i < B (half inhibitory
concentration, ICy,) 245 AFB, REH540 A= KA
50% Fir it B9 AE Mk B2 . CCK-8 32 73 53l I 7
AFB, X2 IC5, A1 COS Xof £ i 11 T4 2 1
Vi , UK 00 40 2 R 96 AL AR P (5 x 10°
AL BT HIRA PR SR 24 h 5 W BRI,
O3 B AN TR e BE 1) AFB, TAE#R (0.4.2.,10,
50,250 wmol/L) Fil COS T4 (7. 81,31.25,
125.500.2 000 pwmol/L) 4k&L 153 24 h, Biyrsh

http: //www. shhydxxb. com
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W5 F IR CCK-8 1207 & isa B 45 1) A FL A 10 pLL
CCK-8 %k ,37 CH#F 1 h J5 5z B FH g bn 300 5
FE 450 nm Kb IR REAE, #e RS (1) 43 A
B BELL Y AFB, 1 COS X 2 i () 38 5 41 i) 22,
SRJE TR A 20 (2) T3 A 2 AFB, X 248 Jfd 1)
ICs, .

Y:(l—A"_Aleoo (1)

Ac _Ab
A Y NI F IR, % A, s A (R E A
M TAER, TCAN M) MW BEAE 5 A, ik 41 ()
TR A, XS RRAL (TC 25 Ak P, A 4 i) i
SR
P -P,

3
Ig ICS()sz—Ix[P—i‘ln 1 (2)

X, Ry lg (RN ) 5T 2y lg (B R0 /40
R i) 5 P oA G FE AR 2R 2 05 P, S RS AE
235 P, ds/ N FEA G
1.4 COS #1 AFB, {EA FHRFEENNE

HRAE 1.3 145 R 15 5 AFB, 1) IC,, Fil COS
XoF 4 L %) T4 AR TR B, HB I & AFB, A
COS M B2, 0 2 B AT 0T 48 A7 1 8 10 52 0
IO AU 0 240 6 ] 45 5 A 5 x 107 A4~/ mL 9 41
MBS, BT 96 FLARH (100 WL /4L) , 355+ 24
h S I B BOE 194 W 4 1) COS AR (0,
10,20 .40 pmol/L) fALFRANE 6 h J5 , J: R )5 b5
IR, A AFB, TAE#(0.2.5.5.10 wmol/L) 4%
22357 24 h JERESWRERALMA 10 wL CCK-8
W ,37 CHEE 1 h J5 Sz BPFHEEHR A E 450 nm
b R e BEAEL, 45 S 56 A1 1) A AT T35 SR e BN =X
(3) AT

W= 00 (3)
A, -4,

K WM AA S 2, % 5 A, s A (R & A
LT, TR L) RO RE 5 A, S SE 5 40 i) Wt
JE A, SRR (o2 WA B, A 20 ) RO
1.5 #ZHRaR ROS HYiNIE

TR 21 Y 15 B X B 4L COS By b B 2
(10,20 .40 wmol/L) , AFB, Bl i 320 (0.2. 5,
5.10 wmol/L) ,COS kb ¥ + A¥B, Zb¥4H ., ¥
XHECH A AN B R A 2.5 x 10° A4~/ mL, J 7
T 96 fLARH,200 pL /4L, 355% 24 b, R JGIMALS
RIS S5 AR S B 5 o BE R 45 o G 4% Ban) & il
W4 4E, PBS TV 1 A, LA 200 pL

http: //www. shhydxxb. com

FE ) DCFH-DA #R 5, 55 3% 46 rh ik B 9 & 30
min, FIA S L B9 DMEM 15 55 205 Uk 3 Ik A 42
REG G MITRET IS, 3 BY R B AR (0K T8 A& I A
RS54 488 nm Fll 525 nm &b DCF %¢
SR BEAR, 45 S HAHXT DCF % 658 B 3R, Bk
IS/ %R .
1.6 A FLIEFEKFERNE

IR A1 B B E X BR AL, COS F il Ak B 41
(10 .20 .40 pmol/L) , AFB, ¥l 4bHHZH (0.2.5 .
5.10 pmol/L) ,COS Fiikb B + AFB, AbHiZH . HL
SR Y 40 M TR0 B S N 5 x 107 4/
mL (AR, DL 2 mL/ LR T 6 fLARH, 35
7724 h JeHi ORI A B M AR sL s 5. B R
S5O AE VK b E AT A A A B A T A
PBS 35 UE 1 WG AEFLIA 300 wL 41 il 24 A, i
30 s, AT T 20 A, o 20 i S B RS
DEF SR)54 °C,8 000 r/min .0 5 min, BL_E
TR R B O, BT kR b el s -
80 CUKFIRAT . TEZEATRAIR JFEIEFRIN 5E HT ,
FEMERESL ) MBS . MR BCA S Pk E K
F G A A T B A T T s o A T VBT A
YRR, 4 20 Wl BT 96 fLk Y, AL
JIA 200 pL BCE 45 BCA TAEW IR )G 8T
EEFEAE IR 30 min, BRI E 562 nm Ab I
A, AR PEARE N £, TR S A R R B
1.6.1  4iffgy MDA & & iyl

T WY i ( Malondialdehyde, MDA ) #6132
RGBT TR PR AL PSS B 200 L F7F
W3 96 fLAR H, BE ED TG RGN E 532 nm Ab 1Y
WeOGREAA , 25 MDA Frfih 4k, 4l b o Hh 4 ]
PATHEAE MDA 95 &, 25 R AH X MDA &5 &
FoR , B4/ % B2
1.6.2  #iffipy SOD GST {4 i i

53545 B SOD [ GST A i 124 77) &5 158 W 5 45 BR
PEATHRAE , 45 A X SOD  GST 1 2w, Bt
I e/ X R4
1.7 MR T ZE AT

IR ZH BB 0 BEZH (20 pumol/L COS Fph
AEFRA] AFB, BBl AR 32 (5,10 wmol/L) , COS
TALIE + AFB, ZbFRAT, it R d Ty 2% 5
TR B PR X R (TE 2 A ) R BH I
(FITC Annexin V Ztft) BAFH 2 (PI Zufn) | g E
Y J5 2SS 3 X ERBE T RIERLFH 2 A T T A
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RIS FRSE T YA ORI ) 4 i, 1140 B i
JRAEEE A 5 x 10° A/ mL (40 E R , BEFP T 6 1L
B ,2 mL/ AL, 5555 24 h 5 IR B i gh
HeEFE, BEFE4E R )53 IR FITC Annexin V g,
FI GV AT AL BRIEAT B, 23 DS HE T e 40 )
AT, G RIS pL FITC Annexin V Fil
5 pL PLZERFDCHEE 15 min, FF LIRS, 7R
PR A0 ASAG I , 4 i i EE 10 000 > 21 i
FEAT RN 737 o

1.8 RNA HJIR BN 5 32 Bt 3¢ 3¢ € 2 Real-time
quantitative PCR ( RT-qPCR)

A 1.4 ~ 1.7 il 45 R, S % 4% 20
pwmol/L COS FI 10 wmol/L AFB, AbFHANMY , 56
o3 %t AL AFB, FUAEFEZE | COS FAb B +
AFB, AbFEZH O EROH ) 20 M, 50 I R
FEEDN 2.5 x 104 A~/mL (1% 4 i Bk, 42 5 T 4
JLREFR ML, 10 mL/I0L, 8557 24 b )5 3% BRI 4
BRI ARSI SR . W SR RG Hi IR U B 45 25
P, BRRAE UK FARAE, SR TRIzol 34 $2 BUREAS &
RNA , NanoDrop® Nanodrop-2000 ( thermal ) Z& %5 Jil]
& RNA Y FIAGEE A5/ RNA RS As/ Asgp
KF 1.8, A,/ Ay KT 2.2, i@ i Bioanalyzer

2200 %} RNA #EA7 it A, FH i RNA (52 B (H
(RIN) SRHI K RNA SE#& M ks o8 8 R 4 5
Wo2 I TFHARE 48 DNA IR 1 ~2 g Total
RNA JIA B L, SRIG I 4 x gDNA wiper Mix
(4 pL) , I RNase-free ddH,0 #5752 16 uL &
MG ET 42 CHFE 2 min, Bl J5 705 x HiScript
Il qRT SuperMix(4 pL) ,i82))5 37 CTEE 15
min,85 CHFF 5 s LKL N, FHHRHE cDNA 57
S30IBCE qPCR SN AA AR - O PCR 8 AR UTIA
2 x Master Mix(5 pL) ,Forward Primer (0.2 plL) .,
Reverse Primer (0.2 ulL) \ROX (0.2 uL),f /K
2R 9 pL, IR A S ¥R A W N 3 384-
PCR Hoxf LAY B LA, 35 AR Y cDNA
(1 pL) & F PCR AY Ei##4T qPCR o >R LA
NIEER R EAT PCR 978 . 72 50 C RIER 2
min, 94 °C HiZA8E 5 min,95 CHEsE 15 5,60 C B
2k 1 min,40 MEH,60 C 1 min,95 C 15 5,60
C 155,95 C 15 s, 3F- M\ 60 CZEH& ] 99 C,
ST RN B MER 2 R SR 5 A 1T
SN 1 s, >k A RT-qPCR Kl 26 1 AP il 5L
Pk e 2T TR A R

*x1 SlMF75
Tab.1 The primer sequences
L% Gene name L 95 EmGIYI(5 23" KI5 (5 & 3")

Gene ID Forward primer (5'to 3") Reverse primer (5'to 3")

Nif2 83619 TGCCCACATTCCCAAACAAG GCTATCGAGTGACTGAGCCT
Keapl 117519 GGTGTCCATTGAAGGCATCC ACCACGCTGTCAATCTGGTA
Ho-1 24451 GCATGTCCCAGGATTTGTCC CCTCTTCCAGGGCCGTATAG
Ngol 24314 TGGGAGGAGTCACCACTCTA CCCACAGAAAGGCCAAACTT
Bax 24887 AGCTGCAGAGGATGATTGCT GATCAGCTCGGGCACTTTAG
Bel-2 24224 GCATGCGACCTCTGTTTGAT CAGGTATGCACCCAGAGTGA
GAPDH 24383 ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT

1.9 FHRAMA (RNA-Seq)

RIS AL B S X B4 10 pmol/L AFB, HL
AL | COS FiAb ¥R + AFB, 4bFHZH . HX 5K
AR AN , TS B B BE A 2.5 x 10° 4~/ mL
A 240 M B, H2 0 T Al i s 55 ML, 10 mL/ ML, K5
F% 24 h JEHE IR IR AL BN 2 ke B R . KRR
S5 A T TRIzol 357 224 g WS S 4t L, — 80
CHIRERHT Kz %, ZIEIRM S MER A PR
e A w3 T RNA - Seq 4 3L R ZH T

1.10 ##EabE

HJ IBM SPSS Statistic 25 #{E#E1 T304, i A
Bl LSF- Y (E + FRifE 22 (Mean + SD) 327K, 105
A 3B R LR ANOVA £ 55 F1 Duncan [
i g it AT 2 LR 22 S B S R . 1R i
E 3 ~5 AT, BRI EE AT 3K, L
P<0.05 RRfAE R EEER HEARITFE
e

http: //www. shhydxxb. com



1168 o\ w7 ok % ¥ R 30 &

2 4k

2.1 AFB, %t BRL 3A #HAa#Y IC,,

A 1 A FEWR A 0.4 ~250 wmol/L i,
AFB, X240 10 F) 8 58 400 ) S B 7R) 2800 O AR
o RIEA 2 1A F] AFB, X BRL 3A 41 jg
[ 1C5, K 15. 86 pumol/L,,

100

[=23 [e.e]
(=] [=]
Fed

gl kPR RS

Inhibition rate of
cell prolifertion/%

A

0.4 2 10 50 250
AFB / (1mol/L)

-]
(=)

E 1 AFB, 43224 h % BRL 3A 40 8 58 A 2200
Fig.1 Effect of AFB, treatment for 24 h
on proliferation of BRL 3A cells

2.2 COS 3t BRL 3A IR TR EERRE

] 2 AT, COS ¥k <125 pumol/L By Xif 4t
JL A BE B 45405 , T COS ¥ JE > 125 pumol/L B A
X 240 R P 3 A A SRR o

20

—_
o

/i

—
(=)

Py

7.81 31.25 5 500 2000

™

C0S/ (umol/L)

2 B A A 2

Inhibition rate of

|
o

cell proliferation/%

|
—
(=)

15

B2 COS 42 24 h 3t BRL 3A 40 B 58 i $4 0
Fig.2 Effect of COS treatment for 24 h on
proliferation of BRL 3A cells

2.3 COS FiAbIExt BRL 3A B 1EiE X B0

NP 3 Jrow s 5 JoAk B X BRZH AR LL, AFB,
BOMALFEZE (2.5.5 .10 wmol/ L) FY 240 M /7 % i
FFEAG; M COS B A FEZH (10,20 .40 pmol/L)
HIBR T 20 wmol/L COS i 25 4k 25 240 Ml 1) 77305 32 LA
AP <0.05) , LA R 32 241 0T 40 L 1) 70 6 39 TC

http: //www. shhydxxb. com

B WA, WifE COS FigbFE + AFB, b ¥, 5
XFREZHAH L, COS FiAh PRS ) AFB, 53 BE 4119
YA R B & (P <0.05) , HAE COS Hi
SR BRI BE Ry 20 wmol /L Bsf, 7 AR [ T FAICR S i
AP 2.5.5 .10 wmol/L AFB, AbFR ) 40 U A7 1%
RAY I 83.89% +3.60% .79.05% +2.34% .
67.96% +3.53% B ZHLEF102.56% +2.77% .
102.24% + 4. 67% .95. 04% +2.92% (P <O0.
05) ; H.7£ COS FiAb Pk £ o4 20 pmol/L Hif, £%
AFB, Wk 2 A3 5 T AFB, A0 3 20 L A7 15 6 AH
P AR, P, B0 T T LA
COS FAL X AFB, 559 BRL 3A 2 Jifd B 14 it
A — G fEAE

120 ——0pmol/L COS

§ -« 102 mol/L COS
B [ -+-20nmol/L COS
= 110 . ~v-40 pmol/L COS
b= R
¥= 100
B> i
J,Q:v—<
§.§ 90
-~
=70
(]
(==
60
0 2.5 5 10
AFB,/ (1mol/L)

* FR8 AFB, — @k FERT, COS b ¥ ZH 5 I8 COS 4 #EZH AH 1
ZE5 N P <0.05;#K /R COS —EWR M, AFB, AR 5
JC AFB, AbHIZHAH L 2E 5 3, P <0.05,

# Indicates that at a certain concentration of AFB, , the difference
between the COS treatment group and the group without COS is
significant, P <0.05; # indicates that at a certain concentration
of COS, the difference between the AFB, treatment group and the
group without AFB, is significant, P <0.05.

B3 COS fsbiExt AFB, 5
BRL 3A #0175 & E K%
Fig.3 Effect of COS pretreatment on the survival
rate of BRL 3A cells induced by AFB,

2.4 COS FiAbIEXt AFB, 55 BRL 3A A
ROS 2 ERF I

g 4 fis, 5T P B A AR L, 40
MIN ROS K-V AFB, v B2 (9 38 i 2. 3% 7 =
(P<0.05),a[ 43 5 5] 113.03% +0.28%
128.02% +4.19% .140.01% +5.20% , H. COS
BB AL BT (%) ROS A X 7K F 6 8 2 AR 4k, 7E
COS TiiAbPE + AFB, ZbFRAIH , AFB, ¥R 5,10
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pmol/L i}, 10,20 .40 wmol/L COS ¥ 7] i 2 A%
APy ROS K (P <0.05), H 1,20 wmol/L
COS FALFERI & AFB, B2 5T 51 R ROS
KFTFE R 102.98% +0.25% (108. 67% =+
3.08% .106.92% +4.33% , H.20 pumol/L COS Fji
AEFEFTFE 2.5 pmol/L AFB, ZH 75551 1) BRL
3A LA T ) ROS 7K A% 52 3 1E % 7K o

160 r mmO L mol/L, COS

101 mol/L COS r

3= 140 EZOumo%L C0S -
g@ﬁ 120 40 umol/L COS “ jaL
s = = bob B¢ =
R35% 100 | gt s
RE
Eq-‘:,: 80

(o]
85z 60
855 40

=g

&~ 20

0
0 2.5 5.0 10.0

AFB,/ (1mol/L)

NG RN, FR BA B2 5 (P <0.05)
Different lowercase letters indicate significant differences ( P <
0.05).
4 COS FsbiEst AFB, 5
BRL-3A #fiffl ROS &2/
Fig.4 Effect of COS pretreatment on AFB, -induced
intracellular ROS production in BRL 3A cells

2.5 COS Fi4bIE 3 AFB, %5 BRL 3A 4HfE
MDA # 0

WE 5 fis, 5% BALA E, AFB, 5 kb
ZH AT LA MDA A& 5 2 T (P <0.05)
1M COS Fpftgb 3 4H vh MDA A& 2 5 o 2h )
ARFEXT BRI AR L 25 AN 2 . FE COS FiAb 3 +
AFB, b3 | 50 COS AbFR ) *F FEZH AH B, 4%
COS FHAbFRZH ¥ ] I 2 FEARAS AFB, 55 /5 21 il
P MDA 4 (P <0.05) , H:1 20 wmol/L COS
AL R e, )6 2.5.5 .10 wmol/L AFB, 4t
FEAY MDA B XF & & B 107. 09% + 1. 80% .
114.62% +1.86% .121.11% +2.68% 435I i %
FEAKE] 99. 53% +3.61% .103.30% =4.39% .
109.73% +2.78 % (P <0.05) , 3% H.7¢ AFB, 4t
FRAGHREE H 2.5.5 pmol/L i ,20 wmol/L COS Fi
b B 55 TG 25y b BRIV 6T BERZHAH L TG 3 2 5

160, W Oprmol/L COS
® 8 10umol/L COS
< 140} =1 20pmol/L COS
= CJ40pmol/L COS ¢
d d od
e U AU TN -
T 100 gt ¥ )
'3
Ey 80
o
3 6
g2
‘o 40
= 20
[}
[~
0
0 2.5 5 10

AFB,/ (2mol/L)

INE TR, R B B 25 (P <0.05)
Different lowercase letters indicate significant differences ( P <
0.05).
E 5 COS fisbiExt AFB, 55
BRL 3A ZHRf1AE Bt EAL B30
Fig.5 Effect of COS pretreatment on
AFB, -induced lipid peroxidation in BRL 3A cells

2.6 COS FisbEXt AFB, %5 BRL 3A 4/
SOD . GST F R0

il 6a i, SXTREAIA L, BE % AFB, H
A )V BE T, SOD 3% M B BRI (P <
0.05),COS HffiAbFE L X SOD 113 ) Jo I8 3 o
A5 o TiAfE COS TAbFE + AFB, LbBHZL 1, X4 AFB,
WeRE R 510 wmol/L B, £5- ¥ iE COS Foi kb B 355 m]
52 PR SOD G (P <0.05),20 pmol/L
COS THALBRLH (W AR 54, AIHE SOD (1 AH X 1
A3 RIH 83.20% +3.87% 75.47% +4.46% i %
P 95.69% +1.60% 90.88% +£2.27% (P <
0.05) . & 6b v Al 5%} BALAH e, AFB, Bl
AbFRLH AT i 2 AR GST 93% J3 (P <0.05),COS
AR FRZLXF GST Ay AT G 77 0 i 5 o0 3E . 7
COS TiAb ¥ + AFB, ZbHEZH |, 24 AFB, AbFRk
5 pmol/L B, 4% Ve BE 1) COS T Ab 3 1) R ik
P GST i (P <0.05) ; 5J5 COS %f B 2H AH
F,20 wmol/L COS ik BHAL nJ ) 35 41 5 4% Wk i
AFB, Kb 140 i 5 9 GST AR XTI 4, 7T 43 51
83.14% +2.99% 70.71% +3.75% 57.72% +
3.52% W25 93.40% £4.94% 80.75%
5.56% 72.18% +7.14% (P <0.05) ,

+
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(a)
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Different lowercase letters indicate significant differences( P <0.05).

(b)

6 COS T4t} AFB, 55 BRL 3A 4/ SOD 1 GST ;&M 220
Fig.6 Effect of COS pretreatment on the activities of SOD and GST in BRL 3A cells induced by AFB,

2.7 COS HiAIZRT AFB, 549k B AT AL
TR

wmE 7 s, NEE R IE 20 pmol/L
COS Fpoph A 35 7% 20 i 0 12238 55 T Ak BO6F BB 2H A1
TR %2246, 10 wmol/L AFB, Lt gb 325 1) 4
FRLIR T 3R B J0 AL PR B B 2 T, 4
20 pmol/L COS A3 f= &t 25 R#AIR 1 40 A Y I T
% AT 10 pmol/L AFB, 55 BRL 3A 41
FT R 18.48% +1.40% i 45 8.95% =+
1.75%
2.8 COS fsbiExt AFB, 35S S0 N304
HTHXERRENZ N

BT UL EASESE R, S T ESE COS FiAb BT
Tt AFB, 55 200 1t s T F0 A A A AT BE AL
i3 RT-qPCR AN 1 4 57 0 240 i O T AH 5C
LD mRNA YR 515 DL, Keapl-Nrf2 58 f% /2 4
JH e S ) A SR T AT B, N2 A Ay 400 i X
P DL O B 3% IR 1, AR R AL 2 7 i
Jii# 5 Keapl ( Kelch-like ECH-associated protein
1) 35 B, 56 4% 3 40 i A% 5 e A A 0 25 o i
ARE ( Antioxidant Response Element) %54, %% J5 )3
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gy I AHAC S BG AY = &3R5, I NAD (P) H.:
(M2 1K) S L8 J5i B 1 (NAD (P) H: quinone
acceptor oxidoreductase 1, NQO1) | Jiff Ifil 1. Z J 4
fif-1 ( heme oxygenase-1, HO-1),SOD, CAT %,
Keapl F1 Nrf2 J2& Nrf2 {55 i i 09 B 0 HE ], Nif2
SRR Ngol N Ho-1 FE[R ; Bax 1 Bel-2 £ [R5y
2 S A M A T A A R T ] 8a
FiE7R, 45 R 3R W) AFB, RERRART N2 5 55
AN T A O3 ) mRNA 3k (P <0.05),
1M COS i 4k 34 fig 98 45 5L [H Keapl HI Nif2 H)
mRNA AHXS B IKFPK A 208 # K-, JF B e
YER U3 Ngol Fl Ho-1 ) mRNA ik ; b4,
& 8b,COS Fikk HLIA AT L) i & F& A% AFB, 5%
SRR T3 Bax 1) mRNA AHXF R 35 5 1)
Thero HT LU g as R, eI COS ] AR 14 3
I Nef2 {5558 R S8 3l i g% T il ) I AR A 348 i
F Ik, DT s 40 1 B B 470 AUk BE ) ok 22 i
AFB, 1755 5| 2 10 20 i S AL 45140, [ I mT A6 7
Bax BN KRG AFB, 7555 & 19 40 1 )4
T
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FITC-Annexin V FITC-Annexin V FITC-Annexin V
(a)
25
I 0 1 mol/L COS
[_]20pmol/L COS
20 4
=R
3
+
Jﬁ g 15
= 0
ﬁ*é 10
o b
< ab . ab
5 a
0 0 5 10
AFB,/ (1mol/L)
(b)
A XFHRZH; B. 5 umol/L AFB, B2 ; C. 10 wmol/L AFB, Hifhi4bFiZH ;D. 20 wmol/L COS FhAbHIZH ; E. 20 wmol/L COS

kb +5 pwmol/L AFB, 4bFHLH; F. 20 wmol/L COS WiALF +5 wmol/L AFB, AbHIZH
A. control group; B. 5 wmol/L AFB, single treatment group; C. 10 pmol/L AFB, single treatment group; D. 20 wmol/L COS single
treatment group; E. 20 pwmol/L COS Pretreatment + 5 pmol/L AFB, treatment group; F. 20 wmol/L COS pretreatment + 5 pmol/L AFB,
treatment group.
7 COS F4bIExt AFB, 55 BRL 3A fARUE TR &0
Fig.7 Effect of COS pretreatment on apoptosis of BRL 3A cells induced by AFB,
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8 COS T3t AFB, %55 BRL 3A @ |46 M AA X ERRIEN M

Fig.8 Effects of COS pretreatment on gene expression of oxidative stress
and apoptosis in BRL 3A cells induced by AFB,

2.9 RNA-seq IF#5E5S5 COS FHIEAD
HitEz

N E R B R A B RE MR S E 52
PG A5 s L R A A O, it —
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T/E FH A AT BEML], 38 2 RNA-seq I 7 2R F 5%
COS Fll AFB, Kb 320 i i 5 A 1% 22 S 20K 15 0 0
BN, IEATRES S T COS THifEHM G S
Y
2.9.1 22 BRI IR I 0 1k S LR i
L RNA-seq M7, 647 1 3 2HAE S A X 1L
Sy ¥, i I FPKM ( Fragments Per Kilo bases per

Control-VS-AFB,

Control-VS—CA

Million reads ) J7 i 155 A 21 XA i v 11 32 PR
IR AT LR AR AR 2 0] 4 3 R 3R 3k i AT
e 25 S IR P L IR, e ] ) 25 S B TR SRR
WE 9 fioR. 5B ZH (Control 2H) AH Lt, AFB,
Fpk b FHZH (AFB, 41) A 690 AL H ik

P,593 N AR T I COS kb3 + AFB, 4b
FHZH(CA 41) hA 116 DEEH I 1,42
HFE T ;5 AFB, 4UAFRAIAHLL , CA 414 174
AFEHFRIR B, 125 AR FB T, 2575
R FRE R B ] 10, 20 €6 )\ 5 B 41, Fom 3L
Feak o, N IRIE AT DLUE Y, COS 1] DL 2% i
H AFB, i 55 R A SE R Fe ik 22 PR 1R

250
~ 200 =
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g 150 DBY B
o - Down:593 o
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o 100 T 5 | .
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Fig.9 Statistical analysis of differential gene expression among 3 groups of comparative samples
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R Color key

Control-3
Control-1 l
Control-2

E 10 3 AEANERERREBEXRBELSH
Fig.10 Hierarchical cluster analysis of

differential gene expression in 3 groups of samples

2.9.2 Pathway & &/ #r

il id Pathway 351w 4R REM & 22 5 R ik Ak
K25 E LA MREHR R ME 55 iRt
f#i i KEGG ( Kyoto Encyclopedia of Genes and
Genomes ) 23 HE 5004 e %) 5 4 H 1Y) 22 S 3R K Bk A
fif Pathway & #7047, L KEGG Pathway i Bify,
I P TUART Gz 3, 0 1 5 S SR P2 A
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W, AFB, 755 40 n] DL 5 1R 40 M 20 T8 B ik
TR EE A 22 S 33k, 4 ) S A A T 1% AH 5C
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REIRAS , 2 o0 M 22 57 R a8 AL TN o 4 B AU HHE
FH 40 B R R B 5 A A% 3o 3 o ) LRI 0L
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Foak B 2 0w 4 B RS & 12 (Metabolic
pathways ) , J o1 22 S 1l 5l 35 19 241 Ml €4 3% P450
Xt AMIE S & A CIEHE T ( Metabolism of xenobiotics
by cytochrome P450) | 2 97 4% -2 jg . & P450
( Drug metabolism - cytochrome P450) Fl14+ it H ik

{34 ( Glutathione metabolism) (P <0.01) , H K&
p53 .MAPK FI Hippo &5l I (P <0.05) , X L&
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BAE A A T 8] 12b b, CA I EE T
AFB, 22 R RIBFEN B E F LR Ao R
P450 X MRy R AT (P <0.01) (254X
W-ZH ML 2K P450 (P <0.01) (1 p33 {55 38 f%
(P <0.05) ,iX 4t Pathway A fig 5 COS i b 2 X
MR PRI E A .

3 Phe

2 R AT DATE S S 1 B AR R TN A KT
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18 AR . AFB, FE3A S A& 1k 2 A
JoBuE RN, S SR R 40t R P4S0
fiti 248 (CYPAS0 ) A= Wy % ALY 15 3800 10 3% M v 1)
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AFBO) K RARFEVEAE A

AFB, 1755 0 K BUH- 40 it 2 4 401 15 mT g 5 L
5 40 2 A QR S PR O A %, AFB, S i
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TE— A A A P 5 P AR B 3 A R 53 B [
EH A ) B B AL B A R SR S K R
TR A S AR N B, PR TS T A =, COS Tl
AEPRREAE —E RR T G2 AFB, X 4 e i) 2 P 4
5, HRTBESLTE T Nef2 {5538 BOR$2 T+ IR ML
AALRI A B RE T, 35T 2% ff AFB, 5 3 40 i 5|
ERTEACNL . Nrf2 {5 530 [ 2 o5 5 2 N T
PTG % 2 — , SR LR A N BT
1A % B, FA RS o, LUO 467 i ik
R Nif2 JER & B COS T EALRE 15 N2 1
5 S5 1% Ho-1 Ngol F1 Sod Z5H1 A (L FE
A, [R I COS 34| T p38mapk JNK Al ERK
I IR AL, LB 5¢ R B COS i i Nef2 3 £k il
MAPK B F Ak (1 B A B2 5 5 102 4
SEARI . KB I — 25 B RNA-seq W50 45 R 2
/N :AFB, AT REIE p53 JMAPK FI Hippo {55-3
SR By LA ) 240 ) A RN A 2 A0 O T T
COS 1] e 12 41 ffd £ 28 P450 X A9 5 K
R & 42 245 W0 A 40 it €0 R PASO & 12 Al
p53 {5538 R A B T 90 AFB, B EE M A
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Fig.11 KEGG enrichment analysis of differentially expressed genes
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Abstract: To study the effect of chitooligosaccharides( COS) on aflatoxin B, ( AFB, ) -induced toxic injury of
rat liver cells (BRL 3A cells) , the CCK-8 method was used to determine the 1Cy, value of AFB, on cells and
the non-damage concentration of COS on cells. After COS pretreated the cells for 6 hours and then adding
AFB, to continue culturing for 24 hours, the kit was used to determine the cell viability, reactive oxygen
species (ROS) levels, malondialdehyde (MDA) content, superoxide dismutase (SOD) activity, glutathione
S-transferase ( GST) activity and apoptosis rate. The mRNA relative expression levels of Nrf2, Keapl , Ho-1,
Ngol , Bax and Bcl-2 genes were determined by real-time quantitative PCR ( RT qPCR) , and the hierarchical
clustering and enrichment pathways of differentially expressed genes were analyzed by RNA-seq. Results: The
IC,, of AFB, to BRL 3A cells was 15. 86 wmol/L, and the COS concentration less than 125 pmol/L would not
cause toxic damage to the BRL 3A cells. COS can reduce the increase of ROS level and MDA content in cells
induced by AFB,, enhance the activity of SOD and GST, thereby improve the cell’s own antioxidant capacity
and reduce the rate of apoptosis. AFB, can cause the significant expression of the pro-apoptotic gene Bax
(P <0.05), and significantly reduce the transcription levels of Nrf2, Keapl, Ho-1, and Ngol (P <0.05),
while COS pretreatment can significantly increase the expression of Nrf2, Keapl, Ho-1, Ngol (P <0.05),
and significantly reduce the expression level of Bax (P <0.05). In the results of RNA-seq enrichment
pathways, COS may also alleviate the cytotoxic damage induced by AFB, through the metabolism of
xenobiotics by cytochrome P450, drug metabolism-cytochrome P450 and p53 signaling pathway (P <0.05).
In summary, COS pretreatment can intervene the toxic injury of BRL 3A cells induced by AFB,, which may be
mediated by Nrf2 signaling pathway, metabolism of xenobiotics by cytochrome P450, drug metabolism-
cytochrome P450 and p53 signaling pathway.
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