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HE Z X ARR BRE T @i (HCC)4m it parthanatos ) #5735 /R A HCC4m it 2
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Puerarin Promotes Parthanatos in Hepatocellular Carcinoma Cells
by Blocking the Phosphorylation of the PI3K/AKT/mTOR Pathway

WANG Yingyi', JIANG Jingwen’, WANG Liangyu'*

("Depterment of Pharmacy, Bishan Hospital of Chongqing Medical University/Bishan Hospital of Chongqing,
Chongqing 402760, China; *College of Life Science and Technology, Jinan University, Guangzhou 510000, China)

Abstract This study aims to investigate the effect of puerarin on parthanatos in HCC (hepatocellular
carcinoma) cells. Human HCC cell lines Hep3B, HepG2, Huh7, and SK-HEP-1 were cultured and divided into a
blank group (0 pmoL/L), low-concentration puerarin group (10 umoL/L), medium-concentration puerarin group

(50 umoL/L), and high-concentration puerarin group (100 umoL/L). CCK-8 and EdU (5-ethynyl-2’-deoxyuridine)
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assays were used to detect the effect of puerarin on cell proliferation. Western blot was employed to detect the ef-
fects of low/medium/high doses of puerarin on the expression of PARP-1 [poly (ADP-ribose) polymerase 1]/AIF
(apoptosis-inducing factor) knockdown/PTEN (phosphatase and tensin homolog deleted on chromosome ten)
knockdown, PAR [poly (ADP-ribose)], as well as proteins in the PI3K (phosphatidylinositol 3-kinase)/AKT (protein
kinase B)/mTOR (mammalian target of rapamycin) pathway. The following indicators were detected using Western
blot: the effects of low, medium, and high doses of puerarin on the expression of PARP-1, AIF, PTEN, PAR, and
proteins in the PI3K/AKT/mTOR pathway; and the effects of puerarin on the expression of PTEN, PARP-1, AIF,
and proteins in the PI3K/AKT/mTOR pathway after the addition of a PARP-1 inhibitor (Olaparib), PTEN knock-
down, addition of an AKT agonist (PTP1B-IN-24), or addition of a PI3K agonist (740Y-P). A nude mouse xenograft
model was established to observe the effects of puerarin feeding on tumor volume and mass. TUNEL staining was
used to detect apoptosis; immunofluorescence staining was used to detect AKT expression, and Western blot was
used to detect the expression levels of PARP-1 and AIF proteins. The results showed that, compared with the Con-
trol group, puerarin at low/medium/high doses dose-dependently inhibited the proliferative activity of HCC cells
(P<0.05), significantly reduced the phosphorylation levels of the PI3K/AKT/mTOR pathway (P<0.05), increased the
protein expression levels of PAR, PARP-1, and AIF (P<0.05), and promoted the nuclear translocation of AIF protein.
Compared with the Olaparib group/PTEN-KD group/PTP1B-IN-24 group, there was no significant change in cell
proliferation ability after the addition of puerarin (P>0.05). Among the low/medium/high doses of puerarin, compared
with the Control group, the expression of PAR, PARP-1, and AIF in the 740Y-P group was significantly decreased
(P<0.05), while the expression of PI3K/AKT/mTOR pathway related proteins was significantly increased (P<0.05).
In vivo experiments showed that puerarin feeding significantly inhibited the growth of HCC tumor volume and
weight (P<0.001), increased the expression levels of PARP-1 and AIF proteins (P<0.01), and promoted AKT ex-
pression. Puerarin promotes parthanatos in HCC cells by blocking the phosphorylation of the PI3K/AKT/mTOR
pathway.

Keywords  puerarin; hepatocellular carcinoma; PI3K; parthanatos
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BEE, UFENTIbR. R, BT e Sih
7o AN THIHHCC A, TR VIBRIE S AW 17, 4
BT A MMTHCCHME—F B M. £ L1 L+
B, REBS TR, BEEIT. RERT. HTE
LEEIRIT TS, HCCHIRIT R3] T B3 008, TLiER
AR N50%~T70%, (HIRHIHCC B, TFEAELR
HHALT20%. P, #5225 185 28 a7 B .

%R 3K (puerarin, GGS) & — M 7 AT AEY), 2
AL Gt 25 AR R E ) AR E P Ay . TSR
WESCE R B APA4ein. Prsafe. R Az i
TR, CAEIGIK B H TR m & i, AR
AR YT O M R B B, B R AETUMIEIE
JTOTMIAE S22 2 k0. WAL RN, B E
I e A = ALH PR A 1 (mammalian target of ra-

pamycin, mTOR){E 5 %% T Hi) 171 i bR 2 o e = 1)
R T AR S 8 0 B A 7 SRR e SR, EAR R R
X HCC R A MR, Fenle K2 S Ress s —
Tl 55 b R A Ok R B DDA ORI L B Y B AR 7 PR 4
M AL T /5 s ——parthanatos, H B ANk % . Par-
thanatos & i T BT & LK) — 0 240 i A% 5 1t A8 1T 7
3, parthanatos & —F H DNAfi % fili & . 5 (ADP-
¥ b ) & A 1 1[(poly(ADP-ribose) polymerase 1,
PARP-1]3d FEVEAL PR BUM A B AR T, Hom A PATIK
##i T 125 S5 T (apoptosis-inducing factor, AIF)
Az A ITIART TR 7R, TR B 1% 2R e 45 H 1
PR AR AR B 32 AR A AR 2R O 3 1) HCC A
0wt S A 5 P B ok A B S T Bl A - o
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EHR 26 HCCHH Y parthanatos Il PI3K/AK T/mTOR/
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1 #RFFGE
1.1 ApRER. Z4FEni)

ANHCCHiJfl 2 Hep3B- HepG2I4 H & B J3 ¥4
MR AR AR ; 24 H 48 # BALB/CHEVERR R H
HIRERIRE; ERE AR B w3 EF
BT PR 7] (21 = 98%) . BLAF 7T il i 8k B F}
K2 B i B Ly = B (R B T B 1L XN RSP B ) B 2%
R F LS 202400126).

1.2 EZERF

RPMI-164035 72 (185 : 11875-093) F1 G4 1ML
71 (fetal bovine serum, FBS, 7% 5 : 10099-141C)¥1H H
ThermoFisher Scientific/A 7] ; #1473 -100(Triton X-100,
155 T8200)) B AL i R ERHLA R AR ; bt
JHIE -3-T IR i 5% (glyceraldehyde-3-phosphate dehy-
drogenase, GAPDH, £75: 2118). p-PIBK(T1'5: 4228).
T IR 1k, 55 1 4 B(phospho-protein kinase B, p-AKT,
Serd73, $°5 : 4060). p-mTOR(Ser2448, 755 : 5536)
¥ H Cell Signaling Technology /A & ; %7t PAR(T%
5 ab14459). PARP-1(7%'5 : ab227244). AIF(T%
51 ab245052). PI3K(#7 5 : ab191606). AKT(H7 5 :
ab179463). mTOR(%% 5 : ab2732)36 [ Abcam’A
Al SEPUR PIHRPHRL, B35 SA00001-2))E H Pro-
teintech 2y 7 ; MTTiGfI% (B2 5 : C0009). CCK-8(cell
counting kit-8)i7fI & (F75 : C0037). EdUIASFIEL (Be-
yoClick™ EdU-488, 175 C1031) 404 [ _FifF2 = KA
YIRHATBR 2 715 9 ehric —P(Cy3/CyShrid 2EHT R,
%5 GB21303/GB21304). DAPIRAF (F95 : G1012-
100ML)¥IE G ZE4E /R AR A IR A 5 B4
MF JE (Olaparib, $¢5 : HY-10162). PTP1B-IN-24(%%
5 HY-100866). 740Y-P(PI3K G, 775 : HY-
P0175)¥1%4 E MedChemExpress /A 7
1.3 {ApatEFRA e

— RGN, Al A A 10% G A I 1)
RPMI-16405: 72568578, B 137 °C. 5% CO.HIfEIR
WEE AN - Hep3B4H i 7341 25 F 41 (Control)

R = 4R K 41 (low-concentration puerarin, L-
GGS)- H i & i & 4 (medium-concentration puera-
rin, M-GGS)Fl &k ¥ & 12 % 41 (high-concentration
puerarin, H-GGS).
1.4 ERFER

FIF CRISPR/Cas9 & 4t 4 7 1 i bk H Ax 5
(AIF. PTEN), i#id %11 sgRNA G| T CasOt% R
Mg )% DNAXUEE , SEEER TRk . sgRNA
¥ 5 AIF: 5'-GAC GTG CTG GAG CTG CTC CA-
3'; PTEN: 5'-CAG CTC CAG CAC GTC CAG CA-
3", ¥ sgRNA T % 2 CRISPR/Cas9# A4 [ U1 pX4595,
pSpCas9(BB)-2A-Puro], 8 il /7 55 1F sgRNAJE 77
BeIERAEN o A BT (1 URLEE Y 42 Hep3BHY, ff
FH Lipofectamine 30003 TH¢ & , # 4«42 h)5, A
WIS FE 2 (1~2 ng/mL)HEAT IfIE ; A7 3G iR &2
1x10%/mL, F£45 H R 22 964U, 1595 2~3 JE 1
SORE, ¥ R TR AN R SR HUEERIZH DNA, PCRY™
R IR, B R AR
1.5 MTTSEL

P4 DL 5x10°/mLIf % FE e fh 42 96FLAR , F4L
100 pLESFREE; T37 °C. 5% COL5 7740 HH ik 9724 by
PSS B A FIR (0L 104 50, 100 pmoL/L)
EHIRE, A3 AL; 4855 9%24~72 h(FR ¥ 5256
oK) BAFLIINT0 uL MTTA R (5 mg/mL, % T PBS),
2R N0.5 mg/mL; 37 °CHE E 4 h, BEGGRE; /N0
B FREE, AFFLIIAN100 uL DMSO, fIGH# R % 10 hiz i
Gh S A B RR AR 570 nmif K T I EWOGRE (DY,
ZHE WA 630 nm; THEANMLIE 71 (C), C=[(Dsesens =D
1.6 CCK-83Lf

F 20 MR T 96 LR N, BEFLS 00041, £
REFRIEE 12, 24, 364 48 hip il &AL A I 10 pL
) CCK-8AW, SRIG 4K EE37 CIEEIFE 2 he 25,
TE B AR XA 55 FLIR O B (D)1
1.7 EdUEZESEIE

Y i mh T 6fLH, 48 hJ57E37 °CTFH
50 pmoL /LI EAUIKAALEE 2 h, ARG H 4% % &K
PR = 8 15 30 min. 2 13K, 402 H0.5% Triton
X-100= {3 & 15 mindEATI@EAL I, SR J5 R4 i
P U 5 EQU R MR A P08 30 mine  SHAZAE
F DAPTIR 7 S I 4 0 15 min, SRJ5 9GS R
ML



A B 28 P WPT3K/AK T/mTORGE 4 R A4 (i 33k AT 41 it 4l il parthanatos SE T 1039

1.8 Western blot

W AELH M B H ZARE AR, FE & BRI IS .
IR IRIPAZUAR AT 7070 AR, SRAT 0IRAR
YI1E4 °C. 15 000 t/minZ& 4 R & 0015 min. HUE 05
(1 b3, @i BCARA &I E B AR RIRE . A5,
¥ 55 A RE SN & SDS-PAGEREAR FL A #E4T L FK 43
B, 2 el SR PVDRE E. R85, T 5%
Wy ARIATE A, HR M SRR 1) — B AL 4 °C
TWEER. 25, BESHRG N —PERE=ERT
B E 2 he PR ECLAL 2 RIS BB 1 4y
B8, —PURmBELL 11 000, —HiREEEL H91:5 000,
1.9 HHRRRER LI

W 1}10Y/mLAN MR E 245 LB FRM | 155724 he
SR FH 4% 22 5% FPV R 5 305 ] 72 41 2. 30 min, F 0.5% Tri-
ton X-100:E1LZHML 10 min. [, 40I7E4 °C R 55—
P (1:400)F B IS, AEAEZERT 5% = ht
(Pif1gG, 1:400) B0 E 2 he 4% FH DAPHR T
G5 min. Getagh Ll BB S .
1.10 #FRFEEIRE

24 R BALB/CHER B AE B4 5 18 7 1] 1 — &
SRJG , ¥ Hep3 BAH M F4 1 106/ H 42 T4 515 36 Bz
o B EES KSR B N IR i, B @A )
BEJE, KA BRBENL > A R B AR R AN,
HE12H . WEBORITUR, R4 T X AL &
TN, 45 F B AR R TR AL H AR &+ R 10 mg/kg &
MRFETAME . ARG SR E — K s AR, A8
V=LxW?2, V=R, L=KJE, W= . B 21K
WFEHNY, SEREBUR BT R
1.11 Zitoth

{55 FH SPSS 24.03 {147 41t 73 M, 487 FH Graph-
Pad Prism 8.0 22 H G it K. P2 BLBCR FH e 56,
Z BRI R T 250 P<0.058A N2 57
B .

2 %
2.1 BIRFLUKRE MRS 5 X HNFIHCCLH L
VEE M

MTTSEE 45 5L 57~ Hep3BH HepG24H il h 55 il 55
IIC2 4 50 pmol/L, PRI 5 45588 HR Al 1% 50 pmol /L
SE NI IR, 10 umoL/LYRIREE, 100 pmoL/L A
IREE(EI1A, P<0.05). CCK-85:5045 3 7R, S5 ControlfH
bo, ARIRFEE B AR R hIRE IR R A SR E AR

FLH MM A 15 0 2 PRI, I L I R VR FE AR
P (1B, P<0.05). Ih4h, EAUSEIRZE R BN, 5
THAM, [RRKEEREA. FIRE SRR
TR B AR R AL AE Hep3 BNt Hb (A 48 3 it 1 34 B 2%
FAAR(P<0.001), H AR H IR A% (1C).

2.2 BRZFIFFHCCHIFEparthanatos7K FH 5

Western blot4; B 27~ , 5 Control4HfiAHEL , L-
GGS. M-GGSHIH-GGS[Hep3B4HfiPAR. PARP-1
FIATF [ 3RIR AKCF35 5 T+ =1 (E2A, P<0.05). %
N, 5 ControlZLAH L, H-GGSZL AIF & HTE
IR A% AR B 2 (K12B)

2 ff A 2.5 pmoL/L PARP-1#{1#l]71] Olaparibib
PRANMG S, A MG 5E IF A 32 GGSEE M (K] 2C), HoAx
FIN, 5 ControlHAHEL , GGSALAH TS 1R E
F& (P<0.001), 1M 4 [F B JII N Olaparib)s , 5 Olapa-
rib41H E , GGS/OlaparibZH 40 i3 /1 76 &5 2% 28 1k
(P>0.05).

R SR ALF FE 4 M 36 5 A 2 R S R AR R R
i (K1 2D), BARFKI A, 5 Control AR, GGSAL4H
W% 11 2% T B, SAIF-KOAAM L, AIF-KO/GGS#
Al URE D e Y A
2.3 BEiRZMEE HCCHRE PI3K/AKT/mTORIE
gt eld

N T PR TSR R 15 5 HCCHN i parthana-
tos 14> T AL, B2 HS 4140 i & 1 E 1T Western
blot. 4R E 7R, 5 Control] Hep3B4i i Lt , L-
GGS. M-GGSAHIH-GGS4i i p-PI3K. p-AKTHIp-
mTORF L /K-F-34 &2 Z FE{IK, MPI3K. AKTHImTOR
B SR C B R ((E3 A, P<0.05).

M SR 4Nl PTEN)G , 5 Control A AH L, GGS
Y 11 835 N FE(P<0.001), 5 PTEN-KO4AH L,
PTEN-KO/GGSH 413 /176 W 3 A2 46 (& 3B A&
3C); Al 5 ControlZH#H Lk, GGSHL 4 1 /KF-PTEN
T2k, parthanatostH 2% 25 [ PARP-1 /1 ATF & 7K
FEE L 5 PTEN-KOA ML, PTEN-KO/GGS
I PTENH FI7K P L84k, parthanatosAH < 8k
PARP-1H1 AIF 4 H 7K 76 i 35 484k (P<0.001, K]
3D).

ffiF 10 umoL/L AK TH MR 1L i 5h 77 PTP1B-
IN-24J5 , PARP-1 2 AIFZRIE/K -3 R, $#&/~ AKT
N TR i i 3 i1 parthanatosAH 5 2K (KL 5
iparthanatos & 4 (P<0.001, KI3E).
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LLEbRIC NEdUBH PEIS SEAN I, W (1 UDAPIRL (AL . ™P>0.05; *P<0.05, **P<0.01, ***P<0.001, ***P<0.000 1, 57 AHAALL.
A: determination of ICso values of puerarin in HCC cells; B: effects of puerarin on the D values of HCC cell viability; C: effects of puerarin affects on
HCC cell with time changing; D: effects of puerarin on EdU incorporation in HCC cells. Red indicates EdU-positive proliferating cells, blue indicates
DAPI-stained nuclei. “P>0.05; *P<0.05, **P<0.01, ***P<0.001, ****P<(0.000 1 compared with Control group.

Bl BRZLURE KR# M 75 TANHI AT 20 A2 B0 4 A1 5E

Fig.1 Puerarin inhibitting HCC cell proliferation in a concentration-dependent manner

2.4 BRZFEIAEPI3K/AKT/mTORIE 28 B4R
iFFHCCHfaparthanatos
Ryt — 0 B UE B AR 26 HCCHH Al parthanatos
7 FEH 2 5 5 H A H| PI3K/AKT/mTORIE #
ﬁ&éc@fi%ﬁ?@ , TSR T AR KA A AR RN

TN ZE & PI3K IS 77 740Y-P. Western blot%h H
IR, MA10 umoL/L 740Y-PJ&, &IKEEM KA
40N p-PI3K . p-AKTAHI p-mTOR KL /KFH
JF T+ (P<0.05), PAR. PARP-1M1AIF#E A #ik
K4 B BEAR (K 4, P<0.05). XEW, 740Y-P
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Puerarin
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A: BHRREAPAR. PARP-IFIAIFER FARIE RGN B: SRR A HR S FHE 20 o ATRSGA 9 e 0O U, 2L BoRATFET A, 1 (SR 4% C: Olaparib
AL 5 AR FO AR A RS D: ATFEE AR5 BAR S AR H IS . “P>0.05, *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.

A: effects of puerarin on the protein expression of PAR, PARP-1, and AIF; B: immunofluorescence images of AIF expression in hepatocellular carci-
noma cells after puerarin treatment. Red indicates AIF protein, and blue indicates nuclei; C: effect of puerarin on cell viability after Olaparib treatment; D:
effect of puerarin on cell viability after AIF knockdown. *P>0.05, *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.

E2 BRZFFSHEH %S parthanatos

Fig.2 Puerarin induces elevated levels of parthanatos in HCC cells
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“P>(.05, *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.

A: representative immunoblots showing the effect of puerarin on the phosphorylation levels of proteins in the PI3K/AKT/mTOR pathway; B: effect
of puerarin on cell viability after PTEN knockdown; C: effect of PTEN knockdown on cell viability (D values); D: effect of PTEN knockdown on the
expression of parthanatos-related proteins; E: effect of AKT agonist treatment on the expression of parthanatos-related proteins following PTEN knock-
down. P>0.05, *P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.
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Fig.3 Puerarin blocks the phosphorylation of the PI3K/AKT/mTOR pathway in HCC cells
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Fig.4 Puerarin induces parthanatos in HCC cells by blocking the phosphorylation of the PI3K/AKT/mTOR pathway
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A: photographs of tumor tissues from nude mice; B,C: comparison of tumor volume and mass between the puerarin-fed group (#=5) and control group
(n=5); D: immunofluorescence detection of cell apoptosis; E: Western blot analysis of PARP-1 and AIF protein expression levels in tumor tissues from
each group; F: immunofluorescence detection of p-AKT protein expression levels; **P<0.01, ***P<0.001.
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Fig.5 Effects of puerarin on tumor cell proliferation, apoptosis, and related proteins in HCC-bearing nude mice
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