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(BE] B HE 5% polyphyllin VI o 3 % % 7 ¢ 40 1 % B % 4 16 # HT-29
SW480 ¥ 7E th A X AL # . FiE  F A4k HT-29 A0 SW480, 2l A M B4 —F AT
W4 polyphyllin VIZ4L (B % & % 5 wmol/L polyphyllin VI 4 22 & 48 4 ) # polyphyllin VI +ferrostatin—1 41
(F#E 5 wmol/L polyphyllin VI+100 wmol/L 4k 7 == 4 #] 7| ferrostatin—1 B &4 B W a0 ), XA &
HE KA F 2 A polyphyllin VIA #y = # XA X EH AT HE T E LM, XA CCK-8 Rl &
ARG E A, KR R SR E A B RO B R I S B A 3E A R A T o 0T & A 4 i Ak
WSkATHAR, RERAZEARG LT ZNERBRGBHAL SN RUEKA T HXEAMERA
polyphyllin VI4 # By K%k k¥, &R #FXAMNFAEEETE DM LT polyphyllin VI 7 & i 4 7 =
BB AF F T 4 A% HT-29 7 SW480, CCK-8 # % & £ & polyphyllin VI 7 #F % 41 j # HT-29 fv
SW480 By B 78 7& 41, 5 W 1 X BB 4 A0 1, polyphyllin VI 4L &9 & £ 4K F 3 Av (P<0.001) | A Bt H Ik % £
B (P<0.05) (4% & F 48 X Kk £ 3 An (P<0.001) , BL3% 4 & 6 &2 Il B 75 polyphyllin VI 4L 41 J 4% 89 & 4
R ER D EFEE T 5 polyphyllin VI A48 I, polyphyllin VI+ferrostatin—1 41 # 41 fig #% 34 75 7& 7
B VE MR K F K (P<0.001) & Rt IR K E B dm (P<0.01) |4 & F A X R E T 1R (P<0.001) , H 41
R AR E LA EEE RN, KEREH B A &% 4(long—chain acyl-coenzyme A synthase
4, ACSI4) & & ft mRNA % 15 & F 2 polyphyllin VI4L & 2 £ # | 7 4 . H ik i & 4 ¥ (glutathione
peroxidases , GPX )4 & & & £ &£ A F MU T, £  Polyphyllin VI 7 3 i3 1F & 4k 5t = 3 22 & 90 4] 4
J & 40 Btk HT-29 A7 SW480 4y 34 74 # 41 | 8 & 1F il % 42 y GPX4/ACSIA & ¥ |
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[Abstract] Objective To investigate the mechanism of polyphyllin VI in inhibiting the proliferation
of colon cancer cell lines HT-29 and SW480 by inducing ferroptosis. Method The HT-29 and SW480 cell
lines were cultured routinely and divided into negative control group, dimethyl sulfoxide group, polyphyllin VI

group (cells treated with a concentration of 5 pwmol/L polyphyllin VI), and polyphyllin VI +ferrostatin—1 group
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(cells treated with a concentration of 5 wmol/L polyphyllin VI +100 pmol/L ferroptosis inhibitor ferrostatin—
1). Using high —throughput transcriptome sequencing to analyze differentially expressed genes in the
polyphyllin VI group and conducting gene enrichment analysis. Using CCK-8 assay to detect the proliferation
activity of cell lines in each group. Reactive oxygen species, iron concentration, glutathione concentration
detection experiments and transmission electron microscopy were conducted to analyze the changes in
ferroptosis in each group of cell lines. Finally, western blot and quantitative polymerase chain reaction were
used to verify the expression levels of ferroptosis related proteins and genes in the polyphyllin VI group,
respectively. Result The results of transcriptome sequencing and gene enrichment analysis showed that
polyphyllin VI can act on cell lines HT-29 and SW480 through the ferroptosis pathway. The results of CCK-
8 assay showed that polyphyllin VI could inhibit the proliferation activity of cell lines HT =29 and SW480.
Compared with the negative control group, the level of reactive oxygen species increased (P <0.001), the
concentration of glutathione decreased (P<0.05), and the relative concentration of iron ions increased (P<0.001)
in the polyphyllin VI group. Transmission electron microscopy analysis showed a decrease in mitochondrial
count and an increase in membrane density in the cell lines of polyphyllin VI group. Compared with the
polyphyllin VI group, the cell lines proliferation activity of the polyphyllin VI +ferrostatin =1 group was
enhanced, the level of reactive oxygen species was reduced (P<0.001), the concentration of glutathione was
increased (P<0.01), the relative concentration of iron ions was reduced (P<0.001), and the mitochondrial
count increased while the membrane density decreased in the cell lines of polyphyllin VI+ferrostatin—1 group.
The protein and mRNA expression levels of long—chain acyl—coenzyme A synthase 4 (ACSI4) increased in
the polyphyllin VI group, while the protein expression level of glutathione peroxidase (GPX) 4 was
downregulated. Conclusion Polyphyllin VI can inhibit the proliferation ability of the HT-29 and SW480
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colon cancer cell lines by inducing ferroptosis, with a potential GPX4/ASCIL4 pathway.
[Key words] Polyphyllin VI; Colon cancer; HT-29 and SW480 cell lines; Ferroptosis
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J A 5 T W 98 R T O G T I
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AT 45 B e A0 L B S G R e RS BILA AL 9
A 0 B SR Y e R AR A T 3 R Luo
A D R R BT HE AR BAK polyphyllin T 7775 5 1% 14
% (reactive oxygen species, ROS) j” A= FIl T 1 22 24
1R /9 2 IR 384 ¥ (serine/threonine kinase, AKT /M FL
W e MR R A M (mammalian target of
rapamycin, mTOR ) 18 {2 1 45 Ji7 9 20 M F w3 1 I
T2, Yu S5 S FFE R B polyphyllin 1 34 ROS 1K
HPE B WSS G2/M BH# 7E 45 B g b R FE ST
FE/E . Polyphyllin 11 W) 38 ik % Jig 156 UL A2 3 33 il
(phosphatidylinositol 3 —kinase, PI3K)/AKT/mTOR
DL KA 5 I R e S 0TS TR (signal transduction
and transcription activating factor, STAT)3 15 5 i f#%
TS R P RO TR A S 45 M A Y 4
FE el Song A5 UTIFSY 45 B 7R polyphyllin VILAT i
00 5 L de 0 M0 A O 75 S 40 Y ) 300 BEL A
T Lin 45 S 5T 2 W] 0 S R A0 o 45 B o
DLD-1 403 58 | 8k by A mEbs &m0 oA il &
p53 2 P & R K A& & TR K R B (cysteinyl
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R/ TN ERCER 7 RN U LI 2= S O
JEAEN, HEBEEE B4 2 pennogenin 3-
0 -beta—chacotrioside 1 polyphyllin VI I #% ik j&
FE TG M B 5Y | Polyphyllin VIAE J = B8 EE A% 1) &
TR AR — ) Bk B Z 1 BF 5T R B
polyphyllin VI 7] 7€ 43 45 25 1 1 98 72 D9 11 2 Fh i e
AR PURE AR R 2 AN AN TR Y Teng
S5 19N polyphyllin VI Al il & ROS/#% N 7 «B
(nuclear factor kappa—B, NF—kB)/ NOD F¥ 5Z A& #
HHA WA CHE T 3 (NOD-like receptor thermal
protein domain associated protein 3, NLRP3)/iH J% &
D (gasdermin D, GSDMD ) 5 =5 i 5 Caspase—1 I
FHETS, Yuan 55 2WFFE 4K Y polyphyllin VI
A DLl 3 ROS/ ¢—Jun & 3 K Ui ¥4 B (¢ —Jun N-—
terminal kinase, JNK) 15 5 i [ (9 38006 75 5 1722k
AP PR AL U208 B IS R LR R 0
polyphyllin VI 7] 3@ i i /N RNA (microRNA,
miRNA ) —18a #L 1] 1 Rell-2 N 45 4T /81 %
B A2

FEF AT HT I A P SE g v, o A S 4L
Br4& 75 polyphyllin VI AJ 38 &8 €% 58 T 38 #5155 5 45
A1 ML ¥k HT-29 F1 SW480 SET-, It A HfF 52 4%
T o R A 52 56 ) 2 B UE polyphyllin VIiE i 5 5 £k
BT A0 235 i Jes A0 B S B RO LA, R S BT 24
Wy 1) TF 41 A L il 52 56 E 4

1 #MR5FE

1.1 AR EZEiXH

25 o it 40 R HT 29 A1 SW480 11 11 )™ JH 3§
PEA W B4 28 W) A0 PR HT-29 HH 109% /i 25 1L i
McCoy’s Sa ¥ FRHEAE 37 °C 5% CO, Fi 3246 h i HL
Figr; Atk SW480 JH 10% M6 4 Mg L-15 Hi 7
JLAE 37 °C100% %5 I IRAH P LG IR

Jif 4= 13 McCoy’s 5a Fl L-15 ¥ 32 50 A )
M B P A= W) H AR A PR W) polyphyllin VI H 5 5]
Selleck 722 H) , CCK -8 i I ik 7 & Wy B 7 ZE 4 /R
YR PR | ROS A 70 &0 5 M
AR BR 2 W], BRI iR R 5 A
Jbt HBK (glutathione, GSH) il 2 i 71 £ W4 F Bg 5% 2
WAE AR A A, BRIET-HE P A ferrostatin—1
Wy A 3¢ APExBIO 28\, 4% Bt H ik i % A 9 Al
(glutathione peroxidases, GPX)4 #1 MAPILC3B #t
R H & [E Proteintech A Al , K 5EBEIL M A &

fit 4(long—chain acyl-coenzyme A synthase 4, ACSL4) |
BB AR KR 3 BB 2 (solute carrier family 3
member 2, SLC3A2) M8k Bt & 11 1 H #E ( ferritin
heavy polypeptide 1, FTH1)#Ht &4 F #7L ABclone
2w R Bactin AR T A AL W B AR IC BT AR
IgG M A 5 & Biosharp 2w, TriQuick X5 1 A Jb
W FR K E R IR F HiSeript T RT SuperMix
Reagent Kit with gDNA Eraser M ChamQ Universal
SYBR ¢PCR Master Mix ia{ 7l & 5 0 [ pg o2 45 M 5%
PR A

1.2 kB®H4A

B P XT B8 (negative control, NC) ZH >k HI ¥
4 0 9 polyphyllin VI &b ¥ % 46 g # HT -29 F1
SW480,

— H TR (dimethyl sulfoxide, DMSO ) 41 ; 2k
FHHE ] 19 19 DMSO ¥ 771 A0 3 1 41 Jifd £k HT-29
H1 SW480

polyphyllin VI (polyphyllin VI, PP VI ) 4 . & H
W E 4 5 wmol/L polyphyllin VI Ak 2 1 4 fd #k HT-
29 F1 SW480

polyphyllin VI + ferrostatin—1 ( polyphyllin VI +
ferrostatin—1, PP VI+Fer—1) 41 . & V& 4 100 pumol/L
ferrostatin—1 AL 21 i % HT-29 F1 SW480 30 min
J&, R 5 wmol/L polyphyllin VIF1 100 pmol/L
ferrostatin—1 BE & AL B

DL by A ¥ 3 AL,

1.3 SREERREANVNFMEREESN

HORLER IR 1ML BR HT-29 Rl SW480, % 1.2 1
J7 % 3 Ak BEONC 210 PP VI AL 40 i 48 h Jm i £
AL AR IBUREAS Y B RNA J5 K mRNA B 4 5
AT E A mRNA B 8 MOXUE cDNA, 4ifb i
M SCE IR AE B A e B LI W R 36
APExBIO 2 # Tllumina NovaSeq 4 i £ 0 )7 °F 65 ;
1 9 A SR fastp BEAT B R G 8 R T L
P 5 AT LG 2H R SE o> M O R B B HISAT2 ) AF,
HISAT2 i fF R ek gt i) BWT 533k, 153 2%t 2
FIHERA , Al Stringtie #BPFUEAT 5 A EM 153
BN ARG R IF gt ik 4L 22 =R B R A
DESeq2 #EA7 53 #7 | 35 25 55 K& K 23 #r 149 i 28 A 44
H (llog2FCI> 0.59,P<0.05) ; K F 22 57 55 ] log2 (TPM +
1)t Rl 22 S i TR ) 6 R AR A& (gene ontology ,
GO) Bdli e 45 45 H e gy JFiH 5 A 40 H Ay 2
B, AR E BAT GO ThfiE i 5k A 51 2 I ik A 4L



WAL 2k (BT R 92025 4F 3 A58 17 4% 55 13 ] Dig Oncol (Electronic Version) , March 2025, Vol 17, No.1 59

Hgeil, /0 L R 5, # i B 3F & £ 10 Go
ZH, mAAENSERAER 2 (Kyoto
encyclopedia of genes and genomes, KEGG) & % 77
B A KEGG 3 % ok B | p FH R LT 46 36 | #8115
BASHR ARG HEEFRBEN T BEE
46 1Y) 3

1.4 CCK-8 &% il 40 f 1% 58 7% 5

B Ak T % oA K W 4H B Bk HT 29
SW480 , 1 % 4l L ¥ B % 3%10* 4~/ml, #% 100 wl/AL
PR T 96 fLAR

6 polyphyllin VI X5 20 i 35 58 1% 7 (14 52 W) .
AL A polyphyllin VI [ ¥ £ 43518 O(NC 41) |
0.25.0.5.1.2.4.8.16 wmol/L, H MR E & 3 &
FL], SR IGEFLF A 100 wl TG I3 B 58 485 37 3
ISR 24 48 h R FE R KSR AL A 10 wl CCK-8
AN LR F5 2 h, SR )5 FHEEBR AL AT A

K ferrostatin—1 X 20 M 48 58 3% 1 B9 52 M) . 3%
1.2 W7 A 3 PPVI+Fer—1 AL 40 M, 43 5 45 557
24 28 96 h Ja F R FREL ) A 10 pl CCK-8ik 7 4%
SedE AR 2 b, RS R AR G AT ARSI

JH T AR AL E 450 nm 4b & fL RO E
(optical density, OD)HE , VA OD 1B 1% 3 40 Jifg 3% 4 3%
J1, gl HE Kl 2R 9 T E K R (half
maximal inhibitory concentration, IC50)

1.5 FHSE SREAHRERKERNEIIM
EHBEERN

B IR A0 MO bR HT-29 AT SW480, % 1.2 1Y
TR T AL B 48 |,

ROS #6510 S 56 . W bk kb BE 254 | Jin A H2DCFDA
TAEWL,37 CHEFR A6 W I E 30 min, FJC I 7
5 SR WVE U A0 1~2 IR, 90 I R T FITC
TEOE R B A RBRTE S E IR OT B4 6 5
5

GSH e B A 52 56, 4 MR350 8 10 T 45 i 1)
R, K Uk SR Y A0 R B R 28 P TR
(phosphate buffer solution, PBS) f ¥t 1~2 )& , &
oW T VE 20 M, 50 PBS A2 T 4 L 7 0 A A
JHLJE R IO B S 4 B 0.1 ml, Jin 0.1 ml
#% R FIE 2T, 3500 v/min B0 10 min, B WS
oM A & AR S, # 5 5 min,405 nm 4 H
it A4S 5 45 FL WO BEAE | B Je i H 5 GSH MR B,

BV I S0 . 40 M B W A 1500 r/min 2§
0> 5 min, il F5 BN ME  THE, AR ALUCEE 5x10° A4~ 4

M2 1.5 ml EP &, W& ) PBS ¥k 2 W&, Jin Ak
I 5 1t 7] & P AL ) 200 L 2R W 200l , F R 4%t
) &5 T i 25 BRAE 550 nm A0 Ik B v B

2 S LG SR R TR AR ML L 1500~3000 r/min
B0 5~10 min, 725 b I RSO B VS AN T RE
GBI 4 CHIREE W, SRIGTA 4 COKFE IR AE
4 h Bl 45 [ E W, PBS EEVERE AL 3 UK, B 15 min,
FH 1% 1 SRR 15 W [ 2 A i 1~2 b, /N0 BB B R
JEW, PBS IR UEAE S 3 K, B IR 15 min, JHBS MR
B (30% .50% . 70% .80% .90% F1 95% ) W £ B 5 T
X RE AT K A3 A AR P 15 min, PR
100% 1) £, B Ak 38 20 min, I5 i 2 P 21 46 74 i 4b
20 min, AL 5 PR ATR AW (1:1) 2 BRAE
i 1 b, PR A 350 55 TR R A TR A W (3:1) b 3
3 h, K25 b B R S AL R SR 70 cCm A
R, RS B AT B R SRR 5L #E LEICA EM
uC7 BB R AL U e, 4R 4% 70~90 nm B 1)
R, U G rT 6 IR A 1 VBRI I TR AU Al 509% & T
TR W A5 G4 8 5~10 min, W15 B AT 7R 3% 5
BE g
1.7 EEROTERNEIETHXEANRIE

HOLEE IR AN MR HT-29 Fl SW480, #% 1.2 1
J7 1 43 i Ak B DMSO 411 PP VI 4L 40 i 48 h J5 Ik
IR, B0 10 min WE FEROF T E
HE &, 7% 30 we/FL AT + b8 BE 4 IR B - 2 N 0
T Fie B 5 P UK, 7 i P 59 B8 g 2 W 25 i 8 741 2
JMAPL B —actin . GPX4  ACSL4 MAP1LC3B .SLC3A2
FFTHL HUARTE B W (¥4 1:1000 i e ) 4 Cab 2R
PR, VRS A BRAR o 45 Ak W B A 0 B SE B R
TP (HE 1:5000 F B ) IR AL 3.5 h, ECL BEYE R
F )5 Tmage J 8P 3E4T 737
1.8 TER A4 K KN T #H %X mRNA

HOHLEE IR AR MU bR HT-29 1 SW480, % 1.2 1Y
D735 4y 0 Ab BEONC 41 F0 PP VI 41 40 e 24 h,
TriQuick 127 $2 B 40 M & RNA, JH HiScript Il RT
SuperMix Reagent Kit with gDNA Eraser 128l & 23 B
S DNA, #AT R sk R B, H ChamQ
Universal SYBR qPCR Master Mix i #fll & #F 17 & &
% 4 W 55 I Vi (polymerase chain reaction, PCR) £
W, AcSL4 FiE51% R 5 ~TGCTGCCTGTCCACTT
GTTA-3", FiE51 ¥4 5 ~AGGTTTGTCTGAAGTGG
GCT-3";MAPILC3B F1iF51%) R 5 ~CCGACTTATT
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CGAGAGCAGC-3", FIE5I ¥R 5 ~ACTCATGTT
GACATGGTCAGG -37;SLC3A2 L WiF 5l ¥k 5 -
ATGGAGCTACAGCCTCCTGA-3", TFiF51¥Hh 5 -
CGCGCTGAGACCCTGG-3";FTH1 L1512k 5 -
CGCCTCCTACGTTTACCTGT-3", N5l R 5 -
GAAGATTCGGCCACCTCGTT-3"; B—actin L1514
H 5 -TGACGTGGACATCCGCAAAG-3", FiiF51¥
} 5°~CTGGAAGGTGGACAGCGAGG-3", PCR i
A4 .95 °C 10 min,95 °C 10 s .60 °C 30 5,72 C 30 s,
40 NPEIR TR 2700 E Sy B Y SR A G A X 3R
ik
1.9 SHitZEFHE

SR Tk VAR IR G o i &K
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A3 B T B DAY B bR o 22 RoR | 241 ) LR
R ZE T 25081, WALl iR K5, P<
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8 ®
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1 ML R P Ml
AP E R

LB MRV R R A A
BEKBMEEASS
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2.1 HFANFFEREEESHER polyphyllin
VIF[ @ Sk T @ B E A T 4 B #% HT-29 #n
SW480

5 BB 3 A (1A R IB) 25 R KW,
2 polyphyllin VI &b 2R J5 |, 7 40 i #%& HT-29 #1
SW480 H ¥4l 3 22 R R IB W EEH A 756 1>, HEk
e TT M G W 2% = & B ACSL4 MAPILC3B.,
SLC3A2 A1 FTH1, 225 %K1 GO il KEGG 43 #r
LKW, 2 polyphyllin VIALH /5 | 20 fi ¥k HT-29 F1
SW480 M8 FET- 15 & il B H S (& 1€ A1 1D)
2.2 Polyphyllin VI 7] #ll & 4 B@ #k HT -29 #A
SW480 HIIEEFE A MFEH X THET

CCK-8 VMM 25 R B /R |5 NC 4L b, AN
e B2 BB BE 1Y polyphyllin VI AT 410 i 48 Me bk HT-29 1
SW480 I 3458 1% 71 (P<0.05) , A0 ik HT-29 19 24 h
H1 48 h 1C50 435124 5.507 wmol/L F1 5.197 wmol/L,

1
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PR 5 R Ak P 5 R D 2 T R A AR A AT L



T P b g8 2 s (B T RR) 92025 4F 3 A4 17 4 % 1

J Dig Oncol (Electronic Version), March 2025, Vol 17, No.l

61

i Kk SW480 43510 5.573 pwmol/L F1 4.982 wmol/L
(E2A),

ROS il 5 46 45 2 17 | PP VI 4 19 7 24 4 (1
PG5 BE B NC 43 I (P<0.001, Bl 2B) ; GSH #&
JE G I S 06 25 SR B R PP VI B9 GSH ¥ ¥ 58 NC
HFFEAR (P<0.05, B 2C) 5 2k e B2 A il 5 46 45 2R &
7, PP VI AL 0 8k 25 7 AH X vk B 48 NC 4l 38 i (P<
0.001, &l 2D ) ; 325 5 H8 G2 & I 2 7 | PP VI 2 24 Jfd ik
1) A B g /D | RS R e v (B 2R, IR A
AR polyphyllin VI B8 00 i 40 A # HT -29 F1
SW480 I F 1% 1, I Al i SR AL T8
2.3 Ferrostatin—1 7] ¥ ¥ polyphyllin VI % S #)
YRk HT-29 2 SW480 G A Ml kL -0 T

CCK-8 7&K 25 5 1 7R, PP VI+Fer—1 4119 4
ML Bk HT-29 F1 SW480 1Y 3% 7 {% J1 % PP VI 41 5
(P<0.000 1, Kl 3A), ¥/~ Ferrostatin—1 7] ¥ 4%
polyphyllin V755 1) 20 i 35 5 1 i /5 H

ROS K I 52 56 25 5 B 7~ PP VI +Fer—1 41 89 F
By a0l B 45 PP VI 4L B# 1% (P<0.001, &l 3B);

A HT-29 SW480
159+ 48 h 150: 5.197 umol/L 157+ 48 h 1C50: 4.982 nmol/L
'R - 24 h 1C50: 5.507 nmol/L _R ~=- 24 h 1C50: 5.573 nmol/L
B0 L
§ §
4 0 1 2 4 0 1 2
log PPVl (mmol/L) log PPVI (mmol/L)
HT-29
C - Nl
Hag e * B revidl
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) & 1.5
& @ o
Nedl  PPVI4L '
SW480 E 1.04
M & 15
g R it 0.5
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2% ° 0
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NC4L  PPVIAL

SW480 HT-29 =

=

BV BRI S 56 25 R B PP VI +Fer—1 4 09 2k &
R R R BE A PP VI4H B IR (P<0.001, ¥l 3C) ; GSH
e R A I S 56 25 S B R PP VI+Fer—1 21 40 Jif B
HT-29 1) GSH ¥k &% PP VI4134 /in (P<0.01, 513D) ;
SRR R, 5 PPVIAM L, PP VI +Fer—1
ZH 20 R 1) SR A B b T B R AIR (B 3E)
R4 R A 7R Ferrostatin—1 Al 36 %% polyphyllin VI
5 0 20 MR BE T RO AR

24 EHRHNTEAMEERABERNE R
polyphyllin VI 7£ £ ffl % HT-29 1 SW480 = i# 7£
HI1E R3S A GPX4 1 ACSL4

HE T B R A I 25 R R, 5 DMSO 414
b, ACSLA E (M 78 PP VI ZH 0 Fh 40 it bk o 18 35 38
B EJE T GPX4 # R IR 5 R (B 4A)

FE i PCR Kzl 25 B /x| 5 NC 4140 Lt
ACSLA mRNA 7£ PP VI ZH W5 i 21 f ik b i) 32 3k 7K °F-
¥ EFH(P<0.05, Kl 4B) , R E5 4R IR polyphyllin
VIFE 41 o bk HT-29 F1 SW480 H v 7 (19 4 FH 4L 55
5 GPX4 1 ACSL4,

NCAH

34 m N4l
1 E PPVIAL

*kk

TR IOHIE

HT-29 SW480

PPVIZ
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