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The Study on Regulation of Endoplasmic Reticulum Stress in Polyphyllin
I-Induced Apoptosis in Human Hepatocellular Carcinoma HepG2 Cells
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Abstract This work was aimed to investigate the role of endoplasmic reticulum stress in polyphyllin
I-induced apoptosis in human hepatocellular carcinoma HepG2 cells. HepG2 cells were treated with the different
concentrations of polyphyllin I for 6, 12, 24 h, the inhibition of cell proliferation was detected by CCK-8; the qRT-
PCR (Real-time quantitative PCR) was applied to detect GRP7S8, ATF-6, IRE-1 and PERK mRNA levels; Western
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blot was applied to determine the protein levels of Cleaved-caspasel2, Caspase-12, Cleaved-caspase3, Bax, Bcl-2,
IRE-1, XBP1, CHOP and P-JNK1; the flow cytometry was applied to detect the effect of 20 mmol/L 4-PBA on
apoptotic rate. The result showed that polyphyllin I could inhibit the proliferation and induce apoptosis of HepG2 cells
in dose- and time-dependent manners; qRT-PCR results showed that the levels of A7F-6 and PERK mRNA had no
obvious change, but the levels of GRP78 and IRE-1 mRNA increased significantly, compared with the negative control
group (P<0.05); Western blot results showed that polyphyllin I could up-regulate the levels of apoptotic proteins Bax
and Cleaved-caspase3, and down-regulate the level of the anti-apoptotic protein Bcl-2. Our further study revealed that
polyphyllin I could up-regulate the levels of endoplasmic reticulum stress proteins IRE-1 and Cleaved-caspasel2, and
down-regulate the levels of P-JNK1 and XBP1 proteins, while the protein level of CHOP was no significant difference
(P>0.05). Flow cytometry results showed that the apoptotic rate increased significantly in combination group of 4-PBA
with 2.5 pmol/L polyphyllin I (P<0.01). In conclusion, endoplasmic reticulum stress was involved in polyphyllin I

inducing HepG?2 cells apoptosis, which played a protective role in this process.

Keywords

N J5iE Y 87 3 (endoplasmic reticulum stress, ERS)
sedi 1 R B AMEPE RIS R AR S 5 R
¥t & 8 A i AE N 5 M (endoplasmic reticulum, ER)fE
PN B4R DA b Ca V- 7 1 25 ™. ERS2 2 Jf f) —
T RGPk 2P L, 308 AR AR S TR0 i B AT I ] 4
R, 2 W0 AR I B AR 5B AT Y 5 Y T AR
VA R A A A BE TR, E A% 2 (polyphyllin 1,
PPI)JE RAR G BRI 25 Y BT, B PR
HRAME. TR b5 2 R AR N
CUA SRR, B 2T TRE 811 e 240 B 1) 39
I H T, (0 H A AR TS 3 e 4 L o
T (B9 32 A v T SR A4 d %, 1 P Joi 9 S 350
HEGHSE T FIE R WARE . A SCHER
HAR R AFIE T R HepG24H B I8 1= 5 14 J53 I 5 3%
R &R, NRBIERE LB H IS s R E Tk
P B8 A Y B 208 B B3R BRI 57 n) S BR A AR
fitth, HAEBEEE A TF AR R T 4E s

1 MRERE
1.1 Am5iF

AR S IG B A B 25 SRR ) B RE - F R R
(415 = 98%, Fltl 2 A AEMHAARA A, #t5:
MUST-16021905). DMEM#%3%% (Hyclone /A 7] )+
&4 117 (Gibeo A 7)) CCK-8iR 7l £ (Dojindo A ).
Hoechst 33258 4+ {% i (Solarbio/A 7] )« 4-PBA(Sigma
A#E). Annexin V-FITCHH A T & 1 75 &
(BD 2 A]). i RNAHR A f & (Solarbio 2 A)).
PrimeScript™RT reagent Kit(TaKaRa/A #]). SYBR

polyphyllin I; apoptosis; endoplasmic reticulum stress; HepG2 cells

Premix Ex Taq™IIR 7 & (TaKaRa s ). B-HL 30 &
FI(B-actin)PL A 1A i W % A5 5 % 3 8 Hal (IRE-1)
ok, B Ik B8 PR F-2(Bel-2)$ 4. Bel-24H 5%
X&E HBax)Pufl. 4% SR FXE 4 & E A
I(XBP V)P F 48 TR R AR PR &
fif§-12(Caspase-12) 1 & F1C/EBP [ J & 4 (CHOP) It
PRI E AR AR E AR H IR A 7] B IR = 5K
Ui A L (P-INK D) PRI B 35 = RAEMEARF RN
#]; Cleaved-caspase3Hi1A 4 H Cell Signaling/A =] ; f
EIFER T 8L 78(GRP78) TH % 5 [FT--6(ATF-6).
IRE-1. 5 FBERFE A J5 X B (PERK) A& B-actin 5]
Ve A TAEY TR R AR A .
1.2 ‘AR IEFF

N9 Hep G241 ik 1 T H [ R} 2 o e 284 i %
VIR 3 2 A . K HepG2AH 35 7% T 10%
Jig 4 1L 3E FIDMEME; 72 5, 7737 °C. 5% CO.%%
PERIEE, R BE 2 K 80% I &, #EATAEAR
1.3 &

ARSI 1A AR L BEAR O(Thermo A )+
21 ffi 15 7746 (Thermo 1707~ )+ 8] B 254 5%(Olympus
AT RN E B (Olympus A 7). R miE B0
ML(ThermoA ). % J& & ®EPCRAX(Bio-Rad A ).
0 UK A (Bio-Rad 2 A 4 Ty B8 B 151X (Bio-
Rad/A ). 4B {U(BDA ).
1.4 CCK-8EHMHHepG24ApatETE

WAL X 5O HA 24 P, R R A R B C6%10%/mL,
PAREFL100 pLifh T-96FLIR, 64~ FAT L. 37 °C.



BH T FF45 P Jo 9 A 2 EE M R TS 5 T Hep G241 IR 12 I 7% 1399

5% CO 1 A, Frd i E K £60%~70% &
N, IS AFEIREE(. 2. 3. 4. 5 pmol/L)E %2
T 7728, A I 3% 2 A I 25 250 pmol/L) g §1 1%
THRZH, JCAN oo R, RS H e, 12,
24 WG, Mo 3 2y B R A, B i R IR B 5 CCK-81%
10: 1/ U VR 21 J5 LM AN100 pL, 4625587 51 hig
JRCT B ARA EAS I RS I 33 29450 nm, 2 LKA
650 nm) &% FLIOGEE(DYE . THE I A7 3G R A2
A RO EE(IC50)
e oy LIV T DI AL FEIDI
Bt B 2 S H DA 2 (4 47 H DA

1.5 HepG24ARaFASFIE

VAR IR B < 10°mLazRh - T-6F LR, AFFL2 mL,
Ry 4 M 25 B TR 70%3 G BT, 8 R JRBER IR, IS A
) 2 WD B T 8 97 B Ak S 15 97 12 h, B 37 45 I 7
151 B 2 WA T SN 2401 5 40 R TR AS AR 1)
Ak, FERBEA G EIR I
1.6 Hoechst 332585 &2 1M Hep G2 ZABA T

T HL G i 25 7 3% 10%mL, 8 T 1290 TE
b, B mL, FRAURIGEE S, 2 Se vt gy T A
[F 254 hb 3, £5 9712 h)G 37 275 7890, PBSIH HE3 i,
BEIX3~5 min, MA4% % 5 FE [ 5E 4120 min. 7
F[E e, FIPBSIEYE3ME, WA, BEFLI5 AT N
0.5 mL Hoechst 33258 4% ta3, i N 44 430 min/5
FEY I, PBSTE VE3iE, WA, T —#Ptoeok
WREAHR TR b, & B AR S, 7
PR N M ER, 400758 T REEE . 1140200
ANS/N PRI )4 B A 1 350 R R R T A B, T S 4
iR i i = B/ @
1.7 qRT-PCR(Real-time quantitative PCR)

fd S RN AR B 71 42 B 41 U RNA, I8
101 % 3 3057 F PrimeScript™ RT reagent Kitidf 17 1
Bk, 45 cDNA, % cDNAFE 52 5 F T 1 5| ¥k
1TqRT-PCRIX . X 4K & 4: SYBR Premix Ex
Taq™II 6.25 uL. EJE5140.5 pL FF51470.5 uL.
KFEAFEMI4.25 uL. cDNA 1 pL, K& N12.5 L. 2
N2 95 °CTRAEYES min; 95 °CAEYE10 s, 58 °CiE
k30's, 72 °C4E {#30 s, 407 1§ 3.  LLB-actin mRNA
KF1E NN 2, HBio-Rad CFX Manager 14 Xt flr
REHR AT M. 51T I FEGRPT8 F: 5-TAG
CGT ATG GTG CTG CTG TC-3', GRP78 R: 5-TGA
CAC CTC CCA CAG TTT CA-3"; IRE-1 F: 5-TGG

x100%

ATC CAA AAC TAC GCC TCC-3', IRE-1 R: 5-GGT
CAG ATA GCG CAG GGT CTC-3""; ATF-6 F: 5'-TAT
CAG TTT ACA ACC TGC ACC CAC TA-3', ATF-6 R:
5'-GCA AGG ACT GGC TGA GCA GA-3'"; PERK
F: 5-TTG TCG CCA ATG GGA TAG-3', PERK R: 5'-
CAG TCA GCA ACC GAA ACC-3""; B-actin F: 5'-
TGG CAC CCA GCA CAA TGA A-3', B-actin R: 5'-
CTAAGT CAT AGT CCG CCT AGA AGC A-3",
1.8 Western blot

SR 22 S 06 TRUAL R 4T i, TIA PBS Wk 218,
FLINAZI100 pL 4= 20 fifd 2 1 /57 28 A v (B 1 Il A0 o)
I 24=1:100, ILHBLAD), FEHRA], BIK 110 min
Ja K AU T 1.5 mLE L& . Rk RTEIK
LHHTEAEER, BIR3 s, FE3R, FIRERL s, 8
J5 B 2L AA T4 °CL 13 000 r/minf 05 mindf i
% L, ARty . BCAVEMAT B A ¢
&, FHRICE R R AL 2 B (A BRI R o — 3K, %
fBAF4 pLE A AN uL SDS-PAGER [ L #
LRI (5> LA, TR B SRS SRR R, B
5 min, #5720 CLRAF&H . S EERAR L
FE, 1358%MISDS-PAGERFAT 7 4, 73 55 )5 [ 25 1 it
7% ZPVDFE -, F 5% i Jlg 9% B A1 h, $ 5
SEOR G TR IR SIS H 25 A A 1R B2 (1 — Bi(B-actin.
Caspase-12. Bax. Bcl-2. CHOP. XBP1 ZIRE-1%J
1% 1:400F% B, Cleaved-caspase3F1P-JNK14% 1:1 000
FikE), 4 °C¢ & 7% J5 TBSTIE Ve, SR MR 4 — ik
PR AT 1) PR EL 512 9135 000), SIRIEE 1 h,
TBSTi& ¥, ECLIS = & 0. & 0 )5 (¥ & [ 1 FBio-
Rad4x D) g g & 40K 5 K15, Image-ProPlus 73 #7 't
HIE, PAB-actincy N 2, BT HRZH H AR A U &
TN, THRESAEE AR A Rk &, S0 B E 3K
1.9 RN MDA T

A (7] 4 35 2H 1) 440 B A T4 B 25 SRR, 4 A
BE IR A A B0 N, PB SR UL BE 41 i 1
R, IR B AL, I N WSCEE I 2 R R 7R T, A4 R
BT Rk, B EIEOE N, 1000 r/min O
5 min, 7 _EiE, WEMM. HEEZHR0)REE
2 20 i 25 4 25 B 1 10%/mL, W HX 100 L ff 28 i
X101 ) 1.5 mLES O, MAS puL Annexin
V-FITCHI5 pLA Ak P g 4 ta i, BRI D), =ik
(20~25 °C)BEGIE E 15 min, I 5 45 45 & BN
400 PL) 45 A G (1%), 7E1 hy FH 3 =X 20 M A ks



1400

D20 T, SRER B R 3IR
1.10 %itoh

HISPSS 19.073 M8 A A7 HicHfE Ab 28 73 #r, 45
35 LV 35 B (o) bn i 22 (S. DR R, Gt 7ikA
R ZE T, P<0.05 NZERAH G5 Lo

2 H#R
2.1 EREEHHIFH HepG24RAnIETEE M
AN [F) A 5 B R R Y13 il A #EHep G241 A6
12, 24 h, K HCCK-8i£fa Il % 4 4f ffu v /1. 45 %
BoR, BRI EE S, HepG24l 2k K 2 2R
2 FEE P4 ], L3R I B (1% ek T R ) A o
2 $% Graphpad prism 5% {4 1+ &t 2 8% 2 DR I
HepG24Hfii6. 12 « 24 hfJICs73 77 94.4+0.5 pmol/L .
2.5£0.1 pmol/L. 2.3£0.2 umol/L(&1). & T LA k45
B, AR FREE2.5 pmol/LAN12 hiF A Ja 85256 v i
R LI - F0AR B I T
2.2 EREHIFIWHepG2AERSZF
FHEEH I HepG241 12 hg ML A
A SE RN, BRI REZH A0 B A K HE %, A
TEASML . SCERIEMT, 0GR %, ININERE
T 2H T WA P A i S R AR R s D, Rk
A DA 6 B S A, AR IE] LT o, O 2 I EE

14100 pm

A: XTI B: 5 pmol/LE A% B 17141; C: 4 pmol/LE 2

(K2).
2.3 EREHIXNHepG2AATRIE NN

1£ 4 it Hoechst 33258%¢ Y% Ykl Y iy, 40
BT/ MA A DNA 2 LIS (4 BB ik g . 78
PGB TAEE, AR (1. 2. 3. 4. 5 umol/l)
1E 12 hfa, HepG24H A 5 4L 8 1 3 T2 41 i T 35,
YHMAARFAAS N R 46, 90 A% A AT LR B
WORLAR B85 0, FLFE A 2570 BE T+, 20 PN 1
e R T I 1 X B 2L 0 i o AL W S 0 A% [ 4
BRI R, AN IR ECE R 2980, HAR s .
B AL £ S A A B R B0 vk G U8 T A e Bk,

120

Cell viability of HepG2 (%)

Polyphyllin I (umol/L)
Bl REIRE E ST IR HepG24RASE 1 E
Fig.1 The effect of PPI on cell viability of HepG2 cells
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A: negative control group; B: 5 umol/L polyphyllin I group; C: 4 umol/L polyphyllin I group; D: 3 umol/L polyphyllin I group; E: 2 pmol/L polyphyllin

I group; F: 1 pmol/L polyphyllin I group.
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Fig.2 The effect of PPI on morphology of HepG2 cells
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Fig.3 PPI induced apoptosis in HepG2 cells
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A: apoptosis-related proteins were examined by Western blot assay; B: the relative intensity of proteins were shown as a bar graph. *P<0.05, **P<0.01

vs negative control group (0 h).
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Fig.4 The effect of PPI on the levels of Cleaved-caspase3, Bax and Bcl-2 proteins in HepG2 cells



1402

BRI -

FF & (P<0.01), 12 hif ik 21 5 KA, 29 0 BH 2T B2
112.11%; {HGRP78FIRE-1 mRNAK F I ¥ A5 & it
(R34 0 ATF-6F1PERK mRNAZK V-4 FiFt i,
BG T 52 L(P>0.05)(K5).
2.5 EREHINHepG2LRAE A R M R AE < &
B RK RS0

qRT-PCRSEZ 56 45 B oR, Ak 51 I R 1
W B T R A5 GRP78FIIRE-1 mRNA 7K ~F 14 Jn,
e, #E— 25 K I Western blot /7 v 46 I IR E- 18 % 4H
KEAFKT. gRaE6efn, S5/ Z0 h)

mRNA expression levels
(fold of control)

#P<0.05, **P<0.01, 5P TEX A0 h) L4
*P<0.05, **P<0.01 vs negative control group (0 h).

t#2, Cleaved-caspasel2%5 [ )i 7K *F- FEPPIH| 12 h
I 3 2 TH 1 (P<0.05), Caspase-127E12 hiff i 2 F&A%
(P<0.05), HF{%#3A 5 Cleaved-caspase 1 2 F} = & 25
LRI 2. HbAh, IRE-18 F 5 /K176 hivf 1l 2 3% 7+
= (P<0.01), T HE R NI XBP1 & B RR AL IINK
7£24 hith & 2 (£ {K(P<0.05), {HCHOPZE H i 1421k
TG L (P>0.05).

2.6 REMHNEIFI4-PBAXTHep G4BT 753 K
AT RN

2.6.1 4-PBAMAH] & 3 HepG24m i3 & AT &5 %

E3oh BEB3h 22 121
= 1h ODoh

El5 ZtEEHIXNHepG24HmRNATK FHIF NG
Fig.5 The effect of PPI on mRNA level in HepG2 cells
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A: endoplasmic reticulum stress related proteins were examined by Western blot assay; B: the relative intensity of proteins were shown as a bar graph.

*P<0.05, **P<0.01 vs negative control group (0 h).
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Fig.6 The effect of PPI on the levels of Cleaved-caspasel2, Caspase-12, IRE-1, CHOP, XBP1 and P-JNK1 proteins in HepG2 cells
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A: negative control group; B: 4-PBA group; C: 2.5 pmol/L polyphyllin I group; D: 4-PBA+2.5 umol/L polyphyllin I group.
El7 4-PBAMARIRMEETLSFEEW
Fig.7 The changes of cell morphology after treatment with 4-PBA
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A: BATEST IR B: 4-PBAZH; C: 2.5 umol/LEE A% 2 H141; D: 4-PBA+2.5 umol/LE A% 214, ks AIE T FI 4 .
A: negative control group; B: 4-PBA group; C: 2.5 pmol/L polyphyllin I group; D: 4-PBA+2.5 umol/L polyphyllin I group. Arrows indicated the
apoptotic cells.

El8 4-PBAMARIEAMEISF LN
Fig.8 The changes of nuclear morphology after treatment with 4-PBA
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“P<0.05.
A: negative control group; B: 2.5 umol/L polyphyllin I group; C: 4-PBA+2.5 umol/L polyphyllin I group; D: apoptotic rate of HepG2 cells. *P<0.05,
*kP<().01 vs negative control group; *P<0.05.
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Fig.9 The changes of apoptotic rate after treatment with 4-PBA
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