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FE:. BE IR AR oK 2R . iR R EUE KN HepG2 Fi HuH7 4 ffd
435434 0.5.10,15 20 30 nmol + L ™" iE: (4K 41, R FARM 07 £ ( CCK-8) MBI RS 1/ K 11 24 h i} 4521 40 i
FEI5 R BT 1024 48 72 .96 h IS4G . X 5E 1 30) HepG2 Al HuH7 41 fd 4331534 0,10 15 nmol - L™ fill £
K4, Rl Western blot {461l HepG2 1 HuH7 4P T-#H G I U)) B i) 2P b 22 FR B 11 fF-3 ( cleaved caspase-3) 1
PRI I 2 0RO 2 1 A s R T B 1 78 (GRPT8) R IR fb B Bl IR AR 1 Tl F 2 (p-elF-20) BTEH G SR I F 4 (ATF4)
I35 o K EERTIN 5 44 K Tiif 245 1) HepG2 4 M Mk ( HepG2/Bort £ i) , 33 338 410 11 A= K i1 48 1 50 200 M 1 2 40 ol e Je
(ICs) , I MM 2545 5L (RL) o 445 HepG2/Bort £ 53 Xt HRAL I K41 (45T 15 nmol « L™ B K T10)
PRI K + 42538 TR (4-PBA) 21 (45 F15 nmol - L™ (/KM 8 mmol - L™" 4-PBA F10) B {A K + 2 i 4
B2 (TUDCA) 2H (457 15 nmol » L™ FHEAL K FI 1 mmol - L' TUDCA Ti) , 25 W 1E il 24 h J5, % H CCK-8 46
HepG2/Bort i MIAETE 2 , 5% F Western blot 46 HepG2/Bort 4Hiifd #7406 55 [ cleaved caspase-3 1P 5 9 o7 54 AR
X GRP78 .p-elF-2c0 ATF4 [k, &8 MIEfOkTH 24 h /5,5.10.15.20 30 nmol - L™ Bl &/ A 41 HepG2
1 HuH7 4 A7 35 525 B 25T 0 nmol + L™ B (A K41 (P <0.05) o B A& T 110 .24 h 5,5 nmol - L™"§li# {2k
415 0 nmol + L™"#F{f Kk 41 HepG2 il HuHT7 403458 56 Lh 45 25 R IC G T 2 2 (P >0..05) s BB fc ok T 191 48 .72,
96 hf,5 nmol - L™ fl#:4/ K4l HepG2 F1 HuH7 £ 145 2 5 2% F 0 nmol - L™ #lE K41 (P <0.05), THi24 h
J5,10 .15 nmol - L™" %4 K4 HepG2 F1 HuH7 4HMIN cleaved caspase-3 23552 5 T 0 nmol « L™ AIE- A K4 (P <
0.05) ., HepG2/Bort 4 JifiF1 HepG2 40X 4% K 4 1C5, 43 51K 122. 36 .13. 23 nmol - L', HepG2/Bort 4 Jifl % il &F
KB RI 2R 9.25, HepG2/Bort 4 fifiH GRP78 p-elF2a ATF4 & [ 33k 1 1 25 T HepG2 4t (P <0.05) . W1k
K4 HepG2/Bort 4 IFETH 3 L T4 BZH (P <0.05) , il 4k K +4-PBA 20 FH s fi >k + TUDCA 4 HepG2/Bort
AEAIE R B LTI KR AL (P <0.05) o Bk 4] HepG2/Bort ZHfi ' cleaved caspase-3 A% ik 7 i 2 & T
FTHRLH (P <0.05) , MR ffi ok +4-PBA 4L FIANE 4K + TUDCA 4 HepG2/Bort 4l cleaved caspase-3 A%t 323k & i
FRTMREKA(P <0.05) &5 BIRRAA K AT LA i 2 8 4, 75 S LU T 5 oA JB ) o J 4 o 500 T A4 ey
HepG2/Bort 24t it % 28 {1 2K B0 , AT 53 A1 DR v IR T 9 s 2 4R 42E 187 BRNR 7 SR s
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Abstract: Objective To investigate the effect of endoplasmic reticulum stress on the resistance of hepatocellular

DOI: 10. 7683/xxyxyxb. 2021. 02. 002

W5 H HA:2020 - 03 -03

ESTE WA EERHE ORI BCA 2L 3 H (405 : LHGJ20190452)

EZR A EERH1978 - ) B I Pu D A A, @ AT BRI, BF 5% 7 10« T 1k 22 G0 1k g %) & s Lo o

WEESE AN (1983 - ) B INAR BN, T4, B 20CR2 , WF 5 07 10 < Iy 82 1) v 57 R0 98 X34 5 E-mail : jizhong@ xxmu. edu. cn,



24 VR, S5 ¢ A o DO o 38800 1928 40 L AR A5 2 A S 245 ) 52

carcinoma cells to bortezomib. Methods The HepG2 and Huh7 cells in logarithmic growth phase were divided into 0,5,10,
15,20 and 30 nmol + L™" bortezomib groups. The cell survival rate after 24 hours of bortezomib intervention and the cell
proliferation rate after 24,48 ,72 and 96 hours of bortezomib intervention were detected by cell counting kit-8 ( CCK-8). The
HepG2 and Huh7 cells in logarithmic growth phase were divided into 0,10 and 15 nmol + ™" bortezomib groups. The expressions of
apoptosis related protein cleaved cysteinyl aspartate specific proteinase ( cleaved caspase-3) and endoplasmic reticulum stress
related proteins glucose regulated protein 78 ( GRP78) , phosphorylated eukaryotic initiation factor-2a ( p-elF-2at) , activating
transcription factor 4 ( ATF4) in HepG2 and Huh7 cells were detected by Western blot method. The bortezomib resistant
HepG2 cell line ( HepG2/Bort cells) were constructed, the 50% inhibiting concentration (ICs,) and the resistance index
(RI) were calculated by inhibition growth curve. The HepG2/Bort cells were divided into control group, bortezomib group
(The cells were intervened with 15 nmol + L™ bortezomib) , bortezomib + 4-phenylbutyric acid(4-PBA) group ( The cells were
intervened with 15 nmol « L' bortezomib and 8 mmol - L™ 4-PBA) , bortezomib + tauroursodeoxy cholic acid( TUDCA) group
(The cells were intervened with 15 nmol + L™" bortezomib and 1 mmol + L™ TUDCA). After 24 hours of drug treatment the survival
rate of HepG2/Bort cells was detected by CCK-8, and the expression of apoptosis related protein cleaved caspase-3 and
endoplasmic reticulum stress-related protein GRP78 ,p-elF-2a and ATF4 in HepG2/Bort cells were detected by Western blot
method. Results The survival rates of HepG2 and Huh7 cells in 5,10,15,20 and 30 nmol - L™" bortezomib group were
significantly lower than those in 0 nmol + L™" bortezomib group after 24 hours of bortezomib intervention ( P <0.05). There
was no significant difference in the proliferation rate of HepG2 and Huh7 cells between 0 nmol « L™" bortezomib group and
5 nmol + L' hortezomib group after 0 and 24 hours of bortezomib intervention (P >0.05). After 48,72 and 96 hours of
bortezomib intervention , the proliferation rates of HepG2 and Huh7 cells in 5 nmol + L™" bortezomib group were significantly
lower than those in 0 nmol + L' bortezomib group (P <0.05). After 24 hours of intervention, the expression of cleaved
caspase-3 in HepG2 and Huh7 cells in 10 and 15 nmol + L™" bortezomib groups was significantly higher than that in 0 nmol - L™'
bortezomib group (P <0.05). The ICy, of HepG2/Bort cells and HepG2 cells to bortezomib was 122.36 and 13.23 nmol « L™
respectively ,and the RI of HepG2/Bort cells to bortezomib was 9. 25. The expressions of GRP78 ,p-elF-2a and ATF4 protein in
HepG2/Bort cells were significantly higher than those in HepG2 cells (P <0.05). The survival rate of HepG2/Bort cells in
the bortezomib group was significantly lower than that in the control group (P <0.05) ,and the survival rate of HepG2/Bort
cells in the bortezomib +4-PBA group and bortezomib + TUDCA group was significantly lower than that in the bortezomib group
(P <0.05). The relative expression of cleaved caspase-3 in HepG2/Bort cells in the bortezomib group was significantly higher
than that in the control group (P < 0.05), and the relative expression of cleaved caspase-3 in HepG2/Bort cells in the
bortezomib +4-PBA group and bortezomib + TUDCA group was significantly higher than that in the bortezomib group (P <0.03).
Conclusion Bortezomib can inhibit the proliferation and induce the apoptosis of hepatoma carcinoma cells. Endoplasmic
reticulum stress inhibitor can improve the sensitivity of HepG2/Bort cells to bortezomib. This study provides a new treatment
strategy for overcoming drug resistance of liver cancer.
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L1 a5 F A HepG2 Al HuH7
AR E b R B A0 R 5 40 M FR AR I A 55
Thermo Fisher Scientific 2 &), 4 il 505 & (cell
counting kit-8,CCK-8) Iy [ 7 51 2 = KA W11 5 A7
FRZA ], Western blot FLJKE$EN A 5& [ Bio-Rad 4w ;
2 LY 38 ZR A1 o 2 R AP ZR 35 55 2 (Dulbeceo's
modified Eagle’s medium, DMEM) I B 2& [& Gibco 2%
0TV UK P R 433 T 2 (4-phenyl-
butyric acid, 4-PBA ) F1 4= fif§ it %8 JIH fiX ( taurourso-
deoxycholic acid, TUDCA ) i) H 25 [F MCE A 5], Y) &
BB a2 e & R 5 -3 ( cleaved cysteinyl aspartate
specific proteinase,cleaved caspase-3) % %5 Fi iR 7 &
I 78 ( glucose regulated protein 78, GRP78) . # 1iz 1k,
HAZ B FE 15 I T 20 ( phosphorylated eukaryotic
initiation factor2o, p-elF2a ) . ¥ 7% ¥ s A T 4
(activating transcription factor 4, ATF4)  Tubulin $T{f
W g3 CST A,
1.2 ZHRatEsE L HepG2 I HuH7 AUAhn A & 4
ML 10% JIG 4 17 1) DMEM (&4 35 o Bk, & T
37 °C EHRRUM L 5% CO, AU FRAG N EE 35, 40
Az K R AN G RIS AR TR AR 1) 80% I A1) e A
FIREH LS A, OB E R I AN TR 2555
1.3 CCK-8 # il HepG2 1 HuH7 40y 178 =&
RIBFEZE PO R K HepG2 Al HuH7 20 )i, 57
R S 55 W00 IO P JR A 1 T A A B A R ) s
PEAT AT, R A0 L H 0 T 96 FL AR (40 g A1 6
RO 2 B AL 1.2 x 10° N4, 40 A 18 il R AG 0 442
HRARFL 5.0 x 10° AN 4HM) | BlidIR 51 a8 3R 1, 5
2 RANN e AR MGRE J5 IEAT S . A0 M A7 S 5
Ko 44 9 0.5,10,15,20 .30 nmol + L™ i 4k
KEH KT T 7 24 h B 200 77 3% 23R 40 i 15 5
SR LB KE A A 43 0.5 nmol - L™ IR (AR AL,
R 254 T 13t 0. 24 (48 72 .96 h B 4 JfL 34 5 2% 5 24
PERSE UG  TEROE AT T BALIA 10 wl CCK-8

R, AR LT B R A T B 7 A BE TR S
CCK-8,H T 37 CHEHF AP H 30 min J5H T 96
LR, folf FH IR SR B A S AG I P 450 nm 42b 45 £LL
WOGREAE , BRI 6 AL AL, HUAME

1.4 Western blot #:l HepG2 #1 HuH7 4H fifi & )
TfHXFEH cleaved caspase-3 BJFRiE B H4 K
i HepG2 F1 HuH7 41 Jfd, K5 40 J AL 73 0,10,
15 nmol - L™ "§RE K 41 5 245 Y 15 FH 56 1L 5 12 46
2% 4 ( phosphate buffered saline , PBS) i 15t 41 Jifg. 2
W, LT 300 L JIC S B 1 o 0 i 2Rt v
(B IRFRII R 1% 2R B IBER (1« 50 25 1 g
SRR 1B 2 B 410 o) 590 ) Pk 2% 5 ming S FH A0
JH ) ) T 5 SR LN 4 BB A0 A, £% 2 4R H e 1Y EP
B, UK BRI 20 min, ¥ EP A BLOHL,
12 000 r « min ™" B0 15 min, B0 )5 RECE 55 217
BEEWENE (kPR L) . AR & kT
BRI AIAEZE i, 95 CEEH
10 minfsf AR P J5 S5 AT DN A 10 fig 2 B HL Dk, P DK 45
FE L L B 7% 2 R AR O B L B i
HRA 50 g« L™ BEASIIRY sp st bA] 1 b InA—dit, &
I E 30 min f5 4 CAREMF A, 26 2 R &
Tween-20 1) PBS YR/ 3 U, A Z L, iR H 1 h,
ML & Tween-20 1 PBS PR 3 ¥k, &6 24, #11],
N Tmage J 343 B 21 IR BEAE

1.5 #IBIEKTIZ58 HepG2 dHfatkME Bk K
RS R ARECE KA HepG2 411, A 2 mL PBS
GEARIHVE 2 W, A T mL RS R SR T AL, T A
SEJE A 4 mL DMEM 853830 h AL TR A, B B
OV N,2 000 T+ min T B0 2 min, BEBR B VER, 0
N2 ) B 3 T A N R, SRR
5 nmol - L' (IR K, E SR 48 h, BB &
BV AA K B RE TR, INAAS & 25 i 35 FR G 7%, 4
i 2 Al L T AR 90% Bt A7 35 A AL AR, BV
N A TR AR K B B 3R, 25 Wk B S 0 1
10.50 100500 .1 000 nmol - L' 5 HepG2 4 14k
55 9%, HepG2 M 5 nmol - L7' & #f 34 fn |
1 000 nmol + L™", M 2 37 47 0 5 1/ K 20 M, iy 44
N HepG2/Bort, A 1 HEBRIGE SIS A oK e B2 1) 1
YL, FESI0TT 6 H, F T B A2 K 200 B e TS 0 2 A4 K
RiRsp 3R 20 72 ho AR 2505, AT — IR
ik, e J5 ff HepG2 4 B REAZ M 32 1 000 nmol - L',
SR JH CCKS8 S5, 38 5 00 i) A= < o 2 3153 40 ) »F 40
Tl & (50% inhibiting concentration, ICs, ) , Jf 11
ZH i T 245 48 22 (resistance index, RI), RI = HepG2
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ZH i 1C5,/ HepG2/Bort ZHififg ICs, o

1.6 CCK-8 %70 Western blot ;% & il HepG2/
Bort ZHfafFiE RN AR FHEXERQWRIE
¥ HepG2/Bort i/ A X BRAH B A KA (45T
L™ PR T30 IR K +4-PBA 21
(4715 nmol - L™"BIIEAA K F1 8 mmol - L™' 4-PBA
FH) EAf K + TUDCA 41 (45T 15 nmol - L™"Hl
KA1 mmol - L™' TUDCA T 3i0) , 25 ¥ 1 Al
24 hjg, Wi F§ CCK-8 46| HepG2/Bort 4 il 17 1%
R K Western blot 32461l HepG2/Bort 48 Jitd
oA H cleaved caspase-3 Fil P Jit [ 7 4 AH 5 £
H GRP78 .p-elF-2a ATF4 3Rk,

1.7 Seits#sabsE )W H] SPSS 15. 0 {47481t
ORI TR ORISR + AR 2E (2 2 5) FOR, T
FLBCRH ¢ R, Z2 A A AR 7 22538, P <
0.05 2 A Giit v X

2 #R

2.1 WBEAIEMBERRNZME 4581 0%E
1. WM THiI 24 h J5,5.10.15 .20 30 nmol - L~

15 nmol -

R 1A K 41 HepG2 I HuHT 41 i 77 7% 2 3% o 241K
T 0 nmol - LTI K 4, 22 39 A Se it 1 X
(P<0.05),

F1 WEERTEAREEROHM

Tab.1 Effect of bortezomib on the survival rate of hepato-

ma carcinoma cells (x£s)
24 51 n  HepG2 f£iG3%  HuH7 f£if%R

0 nmol - L™ "Fl#sfk ke 6 1.102 £0.079  0.953 +0.041

5 nmol - L'l KA 6 0.785 +0.078* 0.927 +0. 006"
10 nmol « L™ B kel 6 0.629 +0.030* 0.726 +0.010*
15 nmol - L'AE /KA 6 0.520 +0.008* 0.550 +0.018*
20 nmol - L' WliR{ k4l 6 0.319 £0.010* 0.384 +0.010°
30 nmol - L™ 'l k4l 6 0.205 +0.009* 0.184 +0.012*

1 50 AL P <0.05,

2.2 WMIBEARFEAREEZNZmD 45870
Fe2 FNE 3, MK T 0 .24 h i5},5 nmol « L™!

WA K 415 0 nmol « L™" Bl 8 {f K 41 HepG2 FI
HuH7 20 34 58 3 L8 2% S LG it 2 @ L (P >
0.05) ; A& A% K 17 48 .72 .96 h B ,5 nmol - L™l
Beffi K 41 HepG2 F1 HuH7 2 Jfd 384 5 2% W K T
L™ IR AL 22 A S8 (P <0.05)

0 nmol -

F2 WREBEAKTT HepG2 ARG X AT
Tab.2 Effect of bortezomib on the proliferation rate of HepG2 cells (x£s)
HepG2 4l 354 %
415 n
0h 24 h 48 h 72 h 96 h
0 nmol - L' il&f k4l 6 0.422 +0.005 0.723 +£0.053 1.290 +0.080 1.591 +£0.085 1.890 +£0.096
5 nmol « L™ KA 6 0.419 £0.050 0.510 £0.052 0.669 +0.061° 0.869 +£0.063" 1.065 £0.093*

VE S0 BT LA P <0.05 .
R®3 EIEEAX HuH7 40 RE 18 5E R %0

Tab.3 Effect of bortezomib on the proliferation rate of HuH7 cells (x£s)
HuH7 4 T R
ﬁﬂ%u . uH7 VEH)]@‘ Eﬁ}:
0h 24 h 48 h 72 h 96 h
0 nmol - L'k 6 0.329 £0. 006 0.695 £0.058 1.085 £0.089 1.757 £0.083 2.097 £0.070
5 nmol « L'l ka6 0.327 £0.009 0.537 £0.044 0.622 +0.046° 0.824 +0.096* 1.077 £0.075*
T GXFIRA L P <0.05,
2.3 MEBEANITFEMARATHXEH ceaved h cleaved caspase-3 35 35 5 T 0 nmol - L™ §li#;

2im Z5RIWK 1.2 fk4,
VIR AR K 2 HepG2 AT HuH7 4 i

1 2 3

L — —

caspase-3 FTKik
10 .15 nmol - L~

Cleaved caspase-3

Tubulin e S —

1.0 nmol - L' Bl %5 {f K 2H; 2. 10 nmol - L1 Bl 5 4 >k 4H;
3.15 nmol - L~ BIEE K4

1 HepG2 AR cleaved caspase-3 fJ3Ri% ( Western blot )
Fig. 1
( Western blot)

Expression of cleaved caspase-3 in HepG2 cells

WAL, ZEFA G (P <0.05)

1 2 3

. an—

- -

Cleaved caspase-3

Tubulin — o— ——

1:0 nmol « L™V Al & {4 2H;2: 10 nmol « L~" i ¥4k K 4l;3: 15
nmol + L~} TR A 4

E 2 HuH7 HAEF cleaved caspase-3 3K i% ( Western blot)
Fig. 2

( Western blot)

Expression of cleaved caspase-3 in HuH7 cells
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&4 3 ‘A HepG2 #1 HuH7 20 f & cleaved caspase-3 3R i%
7R
Tab.4 Comparison of the expression of cleaved caspase-3

in HepG2 and HuH7 cells among the three groups (x +s)

cleaved caspase-3
HepG2 4y HuH7 4 fifg
0.233 £0.046 0.086 +0.039
0.543 £0.069* 0.310 +0.059*
1.306 £0.215* 1.213 +0.113*

25

0 nmol - L ™" §& Az k4l 3
10 nmol + L~! A A A 4 3
15 nmol - L"ﬁﬂﬂ%%%{ééﬂ 3

W GATIRYL L P <0.05,

2.4 HepG2 4 ff1 #1 HepG2/Bort it 245 A 1 XF
Bortezomibff IC,, HepG2/Bort 4fi fiti 1 HepG2 4 i
SIS ffe K 1 1C, 43 312 122,36 13,23 nmol + L7,
HepG2/Bort 4 g %F il K 1 RI A 9.25,

2.5 WIBEXRMNAENEEEXEARIEZNZ
M 25 2R W8 3 F3k 5. HepG2/Bort 41 Jd
GRP78 .p-elF-2q, ATF4 %5 [ 3515 i 2 55 F HepG2
A, 22 A et EE (P <0.05)

Hep G241 i HepG2/Bort 4l

ATF4 I——

Tubulin W —

3 HepG2 4Hfa#n HepG2/Bort 48 1 fh 57 7 Rz i# 18 X &
B 3<% ( Western blot)

Fig.3 Expression of endoplasmic reticulum stress-related
protein in HepG2 and HepG2/Bort cells( Western blot)
&S5 HepG2 4HiEF1 HepG2/Bort 4 A 1 P 5T M Az 3 46 55
EBRIALEK

Tab. 5

Comparison of the expression of endoplasmic

reticulum stress-related protein between HepG2 and

HepG2/Bort cells (xxs)
A 251 GRP78 p-elF2a ATF4
HepG2 )iy 1.267 £0.335 0.130 £0.069 0.377 £0.048

HepG2/Bort 4fiffi  2.480 £0.562° 0.579 £0.121° 0.903 +0. 134"

1 : 5 HepG2 4l L4 P <0.05,
2.6 &) AR M R 3T HepG2/Bort 21 ffl 25 #1 &)
BRI R0 XF AL O R A OR AL IR A K +
4-PBA 4] WI#:4/: K + TUDCA 4 HepG2/Bort 4 ii 17
WAk 1,201 £0. 0851, 076 = 0. 055 .0. 723 +
0.045.0. 570 +0. 062 ; §1 25 4/ >k 20 HepG2/Bort 2 Jfi
TG R B E AT X BE AL, iR 44K + 4-PBA 41 R0

ALK + TUDCA 41 HepG2/Bort 41l A7 15 22 &5 25 4%
TR AL, 2 R A 51 2 L (P <0.05),
X REZH O R A I e oK + 4-PBA 41 Bl 4
2K + TUDCA #H HepG2/Bort Zlififi [N cleaved caspase-3
FEXE 5543 K 0. 074 £0.026.0. 105 +0. 041,
0.457 +0. 112.,0. 862 +0. 176 ; | & {4 K £ HepG2/
Bort 4H}if4 N cleaved caspase-3 fHX} Fikm L EEH T
X R, R4/ K + 4-PBA 20 FAl %344 K + TUDCA
20 HepG2/Bort 4l cleaved caspase-3 FH%fFik &
BEE TR KA, ZERBAESITFE (P <

0.05) ; WKl 4,
1 2 3 4

Cleaved caspase-3 o L - -

LS RS2 PR A K 45 3 BV R A K + 4-PBA 4154 BV E (K +
TUDCA 4,

4 4 ¢ HepG2/Bort Zf il & cleaved caspase-3 {3 %
( Western blot)

Fig.4 Expression of cleaved caspase-3 in HepG2/bort cells
in the four groups( Western blot)

3 hg

JFF A 2 T 5 9 BT PN DL 1 T 1 R G P P
TEFRIE , THIE S R A T A SR s 5 4 5 H
AT, TP R Ik R AP AR AR T Al
FIRIT R EE S a BERIET 12% 7 IR
/N, HCC i T8 KA U5 KA 245 1 B, 3 19
T23RTT 250 TR AR SRR A
PR, SR 103677 4L SRR A FH 25 5, S o
TR 25 W ) SURRE R S IR 245 0 20 R AR AR Y
Ko

TR A KR — 2 1 AR 3 57) , 2003 45 3k 45
5 [ i 24 it B A PRI AL 9, 2 H i I — R v
IO P T 1l AR ) 2 1 A 1 780, 2 S TR T R
PEZ R Ve BER RIS AN R R P AT
PSRN R 0 (A K ) SR DY RE, a7 XEYR
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