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FEBHI PIFRMEE & R (DHA) @it i/ RNA (miRNA) - 346/ Kruppel #£
I 14 (KLF14) % & S gse Tosgm K HAE LR . ik 7TEdRSEsmh,
P 40 B 4 R 0 TE X HEZH (HeerEpic 40, AT 403 ) 20 g B X3 BE 20 ( Hela
A, AST-Ab T ) 4 5250 41 (246. 90 wmol - L™ DHA 4b ¥ Hela 4 fits 24 h) |
DHA + mimic NC 4] (FET4IHS2640 552 mimic NC) \DHA + miRNA —346 mimic 4]
(FEEF AL 552 4% 44 miRNA - 346 mimic) ,DHA +sh — NC 21 ( Z:F411 i 52 5620
%Yy sh — NC) Fl DHA + sh - KLF14 4] (FE T2 S04l 7% e sh - KLF14) . 73
WsEa 30 e BALB/ ¢ BT B2 k5 Hela 40 0 A4 G5 AR R A58, BEAIL
Gy R Ent B (HEE SR AR B K ASh K. = R R s Al (EE 100,
200 mg - kg™ DHA) AR 10 H, IS 9 5 o fak 3R A AR S0 07 52 360 95 A
miRNA — 346 Rt 33K 7K 5 FIAR 1 B vk k) KLF14 43 e H ik i 406 ) ity 4
(GPX4) FIF BB ARGEHE 7 5L 11 (SLCTALL) 2R EHAHRS 323K K7 FIZEOGIR#
PRI Fe®* K 5 R SR A% 1 IR AR S A% WA 5 1 dUTTP gl 11 2R i bt 2%
i A A T3 s S 1 b 2= Kl KLF14 Fi GPX4 B K, &R 1F
St SIS v, 200 B B T R L 4 S 36 2 1 miRNA = 346 AH X 2R 35 7K 43731l
7 1.00 £0. 18 1 0.42 +0.06, KLF14 mRNA %t 353k K F4> B4 1.00 +0. 17
F12.22 £0.32,KLF14 Z FIAHXF 3K K43 31241 00 £0. 15F1 1. 72 +0. 23 ; 21 iy
BE %) A 20 . 240 SE 36 20 . DHA + mimic NC 41 . DHA + miRNA - 346 mimic 2 .
DHA + sh — NC #§ fl DHA + sh — KLF14 44 fi§ Fe** AH XF 9 5% 38 7% 4> 5 A
1.00 +0.15 4.86 = 0.81 .4.32 £0.62 3. 12 +0.57 .4.23 +0. 59 f1 2. 02 = 0. 33,
GPX4 B (A S 2k K 4550 1.00 +0.17.0.45 +0.06.0.48 +0.07.0.78 +0. 11,
0.44 +0.06 F1 0.59 = 0.08, SLCTAIL 25 {5 #1 % 32 35 K 40 14 1.00 + 0. 12,
0.37 +0.05.0. 35 £0. 04 0. 86 +0. 12.,0. 40 +0. 07 F10. 77 £0. 10, ZHrss=43 71
#7(100.00 + 3.65)%  (54.32 £7.65)% . (56.32 + 8.02)% . (72.33 +8.65)% .
(52.32+£9.23) % H1(88.25 +10.35) % , A AP 1= 243 5 (14.32 £1.61) % |
(61.33 £8.25)% . (57.32 27.13)% . (32.44 +5.37)% . (59.63 +8.98) % F
(23.88 £3.49) % . #0102 50 20 15 40 A BA 1 % BRZH AH LG, DHA + miRNA - 346
mimic 205 DHA + mimic NC ZH4H ., DHA + sh — KLF14 245 DHA + sh — NC £H4H
e, U EAetRE G L2 A S A R L (P <0.01,P <0.001) , fE3¥)%
B, Sl B2 Sh AR 2k S 56 4 R Bl W v AR S 4 R A AR 43 5 Sy
(542.36 £92.33) .(402.85 +92.28) F1(295.52 £60.56) mm’ , [jj & i 43 7
F7(1.55+0.33) (1.22 £0.22) F1(0. 88 +0. 15) g, GPX4 ZE (4% 3235 7K 4>
B4 1.00 +£0.18.0. 55 £0. 07 F1 0. 42 +0. 04, SLCTA1 85 F A X} 25 15 7K 451
J91.00 £0. 16 0. 48 0. 06 F10.29 £0. 03, FWIL . & H S35 5h Y3 Bl
FHEG, A BT8R Ge it L 22 A Gt L (P <0.05,P <0.01,P <0.001),
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Abstract . Objective To investigate the effect and mechanism of dihydroartemisinin ( DHA) on ferroptosis in cervical
cancer by the microRNA (miRNA) - 346/Kruppel - like factor 14 (KLF14) axis. Methods In cell experiment,
human cervical cancer Hela cells were treated and divided into several groups including cell normal control group (only
HcerEpic cell ), cell negative control group (only Hela cell ), cell experimental group ( Hela cell treated with
246.90 wmol + L' DHA for 48 h), DHA + mimic NC group ( transferred with mimic NC based on the cell
experimental group), DHA + miR — 346 mimic group ( transfected with miRNA - 346 mimic based on the cell
experimental group), DHA + sh — NC group ( transfected with sh — NC based on the cell experimental group) and
DHA + sh — KLF14 group (transfected with sh — KLF14 based on the cell experimental group). In animal experiment,
a xenograft tumor model was established by subcutaneous injection of Hela cells into 30 female BALB/c nude mice,
which were then divided into the animal control group ( gavaged with saline) , animal experimental — L group ( gavaged
with 100 mg - kg ™' DHA) and animal experimental — H group (gavaged with 200 mg - kg ™' DHA) , with 10 mice in
each group. The relative expression level of miRNA — 346 was detected by quantitative real — time polymerase chain
reaction. The relative expression levels of KLF14 protein, glutathione peroxidase 4 ( GPX4) and solute carrier family 7
member 11 (SLC7A11) were measured by Western blot. Intracellular Fe’* levels were detected using FerroOrange
fluorescent probe. The apoptosis rate was determined by the terminal deoxynucleotidyl transferase — mediated dUTP
nick — end labeling (TUNEL) assay. Results In cell experiment, the relative expression levels of miRNA —346 in the
cell negative group and cell experimental group were 1.00 + 0.18 and 0.42 + 0.06, respectively; the relative
expression levels of KLF14 mRNA were 1.00 £0. 17 and 2.22 +0. 32, respectively; the relative expression levels of
KLF14 protein were 1.00 +0. 15 and 1. 72 +0. 23, respectively; the relative fluorescence intensities of Fe’* of cell
negative control group, cell experimental group, DHA + mimic NC group, DHA + miRNA - 346 mimic group, DHA +
sh - NC group and DHA + sh — KLF14 group were 1.00 + 0.15, 4.86 +0.81, 4.32 +0.62, 3.12 +0.57,
4.23 £0.59 and 2.02 = 0.33, respectively; the relative expression levels of GPX4 protein were 1.00 = 0.17,
0.45 +0.06, 0.48 £0.07, 0.78 +0. 11, 0. 44 £0. 06 and 0. 59 +0. 08, respectively; the relative expression levels of
SLC7A1l protein were 1.00 +0.12, 0.37 £0.05, 0.35+0.04, 0.86 £0.12, 0.40 £ 0.07 and 0.77 £0. 10,
respectively; the cell proliferation rates were (100.00 +3.65)% , (54.32 + 7.65)% , (56.32+8.02)%,
(72.33 £8.65 )%, (52.32 = 9.23 )% and (88.25+10.35 )%, respectively; the apoptosis rates were
(14.32 +1.61 )%, (61.33 +8.25)%, (57.32+7.13)%, (32.44 +5.37)%, (59.63 + 8.98)% and
(23.88 +3.49 )% , respectively. Significant differences were observed in the aforementioned parameters when
comparing the cell experimental group with the cell negative group, comparing the DHA + miRNA —346 mimic group
with the DHA + mimic NC group, and comparing the DHA + sh — KLF14 group with the DHA + sh — NC group
(P<0.01,P <0.001). In animal group, the tumor volumes in the animal control, experimental — L. and experimental - H
groups were (542.36 £92.33), (402.85 +92.28) and (295.52 +60. 56) mm’, respectively; the tumor masses were
(1.55+0.33), (1.22 £0.22) and (0.88 + 0.15) g, respectively; the relative positive levels of GPX4 were
1.00 £0. 18, 0.55 £0.07 and 0. 42 £0. 04, respectively; the relative positive levels of SLC7A11 were 1. 00 +0. 16,
0.48 +0.06 and 0.29 +0. 03, respectively. Significant differences were also detected between the animal experimenal — L,
—H group and the animal control group (P <0.05,P <0.01,P <0.001). Conclusion DHA promotes ferroptosis in
cervical cancer by the miRNA —346/KLF14 axis — mediated GPX4 signaling pathway.

Key words ; dihydroartemisinin; cervical cancer; microRNA —346; Kruppel - like factor 14 ; ferroptosis; anti — tumor
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B U R BRIV N A 4 RR R IE,
AR AR A OGS T 5 4 KB 0 U R
( dihydroartemisinin, DHA ) J&—F ¥ & Z A7 4E Y, & 0]
SEIRTTIEB A RN H 25 A R OVAR /N, Je 2600t
FER B, HRERE ] B Sitjes I AN R (ELAE I 25 4 & )
PEAGUIE AR O LR A ] AR R Ty A o 20
HA R IF I U T, B A B B SR R0 5 Bk 1
IR AH O o miRNA - 346 J& Y S5U 1) B0 HE I 2
— AT L S B e 40 0 A SR S kR
Kruppel #£[& T 14 ( Kruppel - like factor 14, KLF14) f&
KLF Z58 R AR 01 , BAT B4R DNA 255 25403,
BIEZFEY) it B b R A D, A4 A S
AT ARk, KLF14 L2 b 9/ H £ 52 5
R, A k4 22 WY, HAT DR 95 R 5 R S8 T R HE L
FHURACR" . DHA JE 75 350 miRNA - 346 4L 1]
KLF14 A 3850 T 52 W0 B U8 AT iE— L 5% o
AWETE AU AL BUFD N B 900 20 M AR B ST AR A
FAL, YR1T DHA X5 S0 BRIE T A2 M AH GBI o

MHETE

1 ##

R N CE SR A0 (Hela) F0OA IR 40 i
(HEK 293T) , %1% F #6200 o 56 A= A B A R
NE NIEH T8 30 40 (HeerEpic) , W 3 1
SLBAE IR R A

Wik BALB/c BREL 30 2,5 ~6 Jle, (A5
i 18 ~22 g, Il B VLR AIE T R 2R A PR A
WAV ATIES : SCXK ( 55) 2025 - 0012 ; 34y fifi 1]
VFAHIES : SYXK (75) 2025 - 0055, ASLE 2GR
27 B e vb L R B R A AR PR D1 s RHOF o 2B S At
FEFIHL 5 - xmasyyky 1R 5 (2023 —126) 5,

w5 F  DHA, HiA%: B 20 mg, 4 fF.
HPLC =98% ,#It*5-: 31426, L5t A= PB4 A R
AR A RNA $2 BN &t e sl & X%
D ER WA A A DR I 3500 3 L U T IR A o
RS B B 1T K bR 10 325 (terminal — deoxynucleotidyl
transferase mediated nick end labeling, TUNEL) {7 &5,
B0 B A DU E A YR A R A W KLF14 431
Bk E AL ¥l 4 ( glutathione peroxidase 4, GPX4) |
BIR AR FZE 7 % i 11 ( solute carrier family7
memberl 1, SLCTALL) I H i B - 3 — B MR B =
( glyceraldehyde - 3 - phosphate dehydrogenase,
GAPDH) 4716 — 30, ¥ B 56 [F 28 3R R BHEA

RS vl 5 40 M1+ 20050 & - 8 (cell counting kit - 8,
CCK - 8) Kl & Fn 47,6 — kIt —2 — A FLng|
(4’ ,6 — diamidino — 2 — phenylindole, DAPI) 4t} | 14
W H R KA R\ 5 Bt 3 B
&, 3 3% [ MCE AP FHE A v 5 FerroOrange 45 ] 12t
&, W H HA Dojindo 24 7] ; Fa e 5% Y KLF14 ik ig
o i S P ) BRS040 L AR L 387 pl v L
2\ W R ; Lipofectamine 3000 %% Yy i3], W4 B F iR}
FRAEVPHCARA A .

{22& BZ-X1000 %50 Mk, H AR AR
2\ F) 77 il s Multiskan SkyHigh — 42K BEpRAY, 56 [E 3§
PR RBHA B2 7] 77 il 5 Axio Tmager 2 BF5E 0 IE
B, R R - SRRV R s eZwest " G REED
WAk 2 S A A, VT 95 R 4 0 B AR R A BR A
7 o
2 ZEWHE
2.1 {pERIE
2.1.1 ZHpasEs"

Y35 H] DMEM $5 52 36t 4745 5%, s 3R 2 rhids
10% G413 & 1% F % R/ 5% R AW, I T
37 C 5% CO,fERIEFRA PR E TR, 124 h B
1 RIS, T A RIS A T A48, B 4 A2 A
WATIR LR35
2.1.2 ZHRESY AR AR

FERTHON A A 20 MR Al S IR R 4y A DA 1L 4
YU IE F 0T R ZH L 41 B B PR o B L A0 i S A
mimic NC 2 . miRNA - 346 mimic 2 .sh — NC 4.
sh — KLF144] .DHA + mimic NC 2] DHA + miRNA - 346
mimic 41 ,DHA + sh — NC £0 1 DHA + sh — KLF14 4,
YA IE B X BRZH 5 A M B M T B T AR
miRNA - 3461 KLF14 7E1E % 5 51 _F K 4115 5 50
2 i v 1 3 Al 2% 35 25 55 A S 5G4 A T 58 DHA
b Hela 40 i 1Y BL3HEVE FH s mimic NC 25 miRNA -346
mimic 2 Fl F 35 5F miRNA — 346 38 35 35 30 % I Hoxt
KLF14 [{ 3R A P45 )6 £ ;sh — NC 240 5 sh - KLF14 44
HF 1 3F KLF14 i 5% 2; DHA + mimic NC 4.
DHA + miRNA -346 mimic 2 . DHA + sh — NC 20 &
DHA + sh — KLF14 25 ] T-HLH 5610F

FARKEFRINR < 40 1E H % BRZH N HeerEpic 411 ig
TR SR AT AT AL 35 5 200 i B 14 % BRZH 24 Hela 4
JLTE R RS SR R ASOAE AT b BE 40 M S 5 4 O
246.90 pmol - L™ DHA 555 Hela 4 fifi 24 h;sh — NC
20k Hela 4fi ity 5% Y% [ 4 X B2 9% 5 (sh - NC);
sh —KLF14 20 3y Hela 4fi Jifl % 4% KLF14 G A% 12 05
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(sh —=KLF14 ); mimic NC 41 Jy Hela 4 g %% Yt
mimic NC; miRNA -346 mimic 20 & Hela 4 iff 5% Ju
miRNA —346 mimic; DHA + mimic NC 2} Hela 4 g
Bt mimic NC, [ 246. 90 wmol - L™' DHA ¥53% 24 h;
DHA + miRNA - 346 mimic 4]} %% J¢ miRNA - 346
mimic, F 246.90 pmol - L' DHA #% 3 24 h;
DHA +sh - NC 2 2y Hela 40 g %% Y sh — NC,
246.90 wmol - L™'DHA ¥53% 24 h; DHA + sh - KLF14
ZH M HelaZf i %% Y sh — KLF14, ] 246. 90 pmol - L~
DHA 155724 h, #Yeif, f2#% 3 R Lipofectamine 2000
TR I 2D R T R A

XU 2R Wl 55 9 3 20 - o KLF14 - B 2R A (wild
type, WT) . KLF14 — Z&7% &I ( mutant type, MUT) 43 51| -5
mimic NC F1 miRNA - 346 mimic 3L %% 4v & 293T
A,
2.1.3 FLHREEE RS KR M ( quantitative
real — time polymerase chain reaction, qRT — PCR)
KA R miRNA —346 1 KLF14 &%

P RNA 32 BO7R) G0 280 240 1, $22 B4 i v 7
A RNA AR B RNA [k e Rl B . 30 5% Sk ik
G AHF B RNA G35 5% cDNA, O 33 e 545 31 1Y
cDNA=IVE A6t , A & B 5 [ A6 5Lk (n
SYBR Green) {1 PCR ¥"1# ., miR -346 5| W))%51 .
5’ — ACACTCCAGCTGGGTGTCTGCCCGCATGCCT - 3';
THEsI¥FEs 5" - TGGTGTCGTGGAGTCG -3° , U6
FiEBI Y %):5° - GCTTCGGCAGCACATATACTA-
AAAT =3” i3 191791 :5° - CGCTTCACGAATTT-
GCGTGTCAT -3’ , KLF14 FiE5|¥ 4.5 - TTA-
CAAGTCGTCGCACCTCAA -3 ; N5 ¥ /3.5 -
TCTGGATGATAGGTTGGGTGG -3’ . GAPDH L Jif5|
W .5 - GGAGCGAGATCCCTCCAAAAT - 37
TS 4.5 — GGCTGTTGTCATACTTCTCATGG -3’
FH 27428 miRNA - 346 F1 KLF14 mRNA A%} 3%
KK,
2.1.4 ZFEBEHEEQNME P KLF14, GPX4 Fn
SLC7A1l EHREAET

W HE 22 AL PR 240 i, ] RTPA R W AE K F 2%
30 min, $EBCEHE H 5 E B AR E . BEE SR ER
FURE S5 ERESE MBI & F 200 A8 e, T8 5 B8 M HL T
OYES AR, PR ED 2 B AW 9 £ I (polyvinylidene
fluoride ,PVDF) [, H] 5% il 49 & i B4 1 h ),
Sy £ % KLF14 .GPX4 SLCTALL KNS E W
—Pi (4 CH &), X HBEE RIS ALY
(horseradish peroxidase, HRP) #ric i —Hi(EiE 1 h),

FRR Ve, FH S Bl Ak 2% 8 A 5% | B e 3l
WA LR R G REEG It Bir ki 5
NS 45 1 K JEA(E, LT3 & & A0 MR %3k
Ko

2.1.5 JUEKEREBREEEF EZWIE miRNA - 346
5 KLF14 8% 5"

Py KLF14 WT fi1 MUT Rz, % KLF14 — WT Al
KLF14 — MUT A Lipofectamine 3000 4% 4ifF] 5 mimic
NC 5miRNA - 346 mimic 3L4% YL 28 293T 41 i, 54 Yu
48 h, IR R M 5 2 R 2R e it A7 98 e R il

e HE DR
2.1.6 CCK -8 RAEEMEMENRITER
")

HE X B A 0 4l M 2 D T 96 fL AR, InACAS
[ ¥ J& (0,40 .80 ,160 320 480 pmol + L™ ) DHA 4b
24 h, FEAPA S )G, Bl A CCK - 8 it 7
10 pL, GREE0E 1 ~4 h, WEEZAG , 57 R 1L
7E 450 nm BN E & FLAOG R BEE ., TS24
G0 HRZE O BE 1) OB R 2 43 B 4 LA X g [
B if 2 DHA 2} ) 4] ¥ & (half maximal inhibitory
concentration , IC50)
2.1.7 FerroOrange % 3t iR §t 3% # U 48 fn Fe**
kE

AR T 35 mm HRMESFRILp FE& 27
% (doxycycline, DOX) (Y 55 32 R N 55 3% 48 h )5,
A 1 wmol - L™ FerroOrange #¢ 644 kL, 3 F 37 C
ZRAFTEE 30 min, F 2R AEOL B EE
RV CEIZ
2.1.8 Tunel 236k 48 p A =

A€ Fr kAL 5 F 2 B KO A DL %% B8 DNA
Wit 5 8K J5 % 0 Tunel 2R R A W (& 98 e hRic 1Y
JIE SR = W8 TR R OR i B0 AR T R % B i TAT)
37 C#EMEHE 60 min, AR ICY) 1% 3] DNA B
2137 - OH K ; Z Jm FHWE IR 22 vh Ve 1 R &5 &
AIARIC Y I DAPT 52 G 40 A% 5 Je ) 78 %< 2L
B LS, TR T 40 A A AL B Ak €5 9Ol (B R ¢
JEERE ), T A AN A% R BE 4 9 )6 ( DAPI
E ) 8RR A G A0 A Y B B AT E )
Hrif K-
2.2 HYXW
2.2.1 SHERTBREBAERSHAE"

TR BT B T B A Y Hela 40 g 2 WX
0.1 mL(4NMIEREN 1 x 10 - mL™"), /01 JAJ5,
R (AR B, 21 i R P AR AR K % 80 ~ 90 mm i,
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v T R 25 PR gk R
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TR LD, AT LA TR e 2532 30 . %
JINER ST SRy Bl it BRZEL AV e S g 2 R 7 S SR 0
2,410 Ho XA /NR A H 2SR A
pi &7 = B N B e o B K U REER e e
100 #1200 mg « kg ™' DHA J & 4L 38, 45 40 4b B Y
Fe8Lik17 10 d,
2.2.2 PhEEFRNE

RN 10 d JE ARS8/ N, T H - RE RO R
Wde, IR AR = K42 (L) x iz (W)? x0.5,
223 REALALFEZIRNZHL S GPX4 fn
SLC7A11 PREKFE

FUMRI N4 4% 2 R RS e A W3 5 1)
F(JERE 4 um) , F SLCTALL(1:2 000 # B¢ ) Fi1 GPX4
(1:5 000 Fife) itk ,4 CIEF K. K H, BHEIRS
Whe)E , 5 HRP FRic i —Hi =R FE 1 h, H] DAB
AW, HRRERZ P Ui, 76 Wi T msg
FHORAEEUL , 30 A3 43 BT B 40 B f31) B e €058 152 DA
H AR AR ik K o
3 FZitEaeE

FH GraphPad Prism 8. 0 #{4F#4758 110 M. 14k
PR (% ) FR OB « =5 R, HAERCN
¢ KB AT B AL 3L

# R

1 Hela £ miRNA -346 1 KLF14 7K E35 4k,

2 i L 0T HRZH A M6 R ZH 7 miRVA - 346 AH
X} 22 3k K43 3k 1.00 £ 0.15 F1 3.23 = 0.54,
KLF14 mRNAFH X} 2 35 7K 74350 24 1.00 = 0. 14 Fi
0.58 + 0.06, KLF14 Z& [ A X 2 ik /K F 43 0 hy
1.00 £0. 221 0. 63 +0. 10, 5 4 il 1E 5 % B L AH Eb
g0 ff B OPE X BB 4l bR R AR 3 B B R
(# P <0.001) .
2 YHBEE RIEEIHIE

FH qRT — PCR Kl 1 F2 188 #% /R , mimic NC 41

=1 miRNA - 346 %f KLF14 {88 [ Y845 56 ZBIAE (% +5)

A1 miRNA - 346 mimic 41 1Y) miRNA - 346 X} # k7K
SEA3 IR 1,00 £0. 13 F14.02 0. 66, 5 mimic NC 44
AHEL , miRNA - 346 mimic 21} miRNA - 346 FIX} ik
KB ZFFE (P <0.001) ;sh — NC 411 sh — KLF14
1 KLF14 mRNA AHXF 35 K43 5] 1. 00 0. 17
F10.35+0.05, 5 sh — NC 444 Ik, sh — KLF14 20 1
KLF14 mRNA AHX IR K- i B (P <0.001)

3 miRNA -346 1 KLF14 $8[aiiE % &

FH TargetScan % #i§ ZE ( http://www. targetscan.
org) il Il miRNA — 346 5 KLF14 {7 1E 45 4 7 5,
WA 1, WG ERFLK B, miRNA — 346 mimic
AEAE PGS Y KLF14 — WT (1) 293 T 4 i 56 )6 & 1§
T Ve (E X Y KLF14 — MUT ) 293 T 5 )t & il i
PER W W, WLk 1, qRT - PCR HIZK 1 ot B i
B8, 5 mimic NC 20 4 b, miRNA - 346 mimic
41 KLF14 mRNA F18 A X 28 3K 7K °F- 27 o 3 B 1K
($#P<0.001), 0031,

4 DHA Xf Hela 2013858 & H 20

JH CCK -8 A A [ B2 DHA Xt Hela 24 if1 3
FE A 52 1, 0,40 .80, 160,320 F1 480 pmol - L~
DHA 4b P 2 f%) 8 {H 2 43 51 24 (100.00 +4.12)% .
(85.89 +13.65)% . (79.32 £10.32)% . (62.08 £10.65)% .
(46.32 £6.23)% F1(28.32 +4.33)% , 5 0 pmol « L'
DHA b 3 25 #H 1., 40 ~ 480 wmol - L' DHA 4b3H T
Hela 418458 321 W5 FEK (4 P <0.05) , H 550 &
BRI, 1C, {5 M 246.90 pmol - L7, J5 2 5256
TEPRI S 25 ) i AT
5 DHA %t Hela £l miRNA —346 #1 KLF14 ;X £
2

qRT - PCR A 2 7% , AL AP X B4 A S 56

KLF14-WT:5-CUGAGGGUGGGUCCAGGCAGACA-3'
LT
miR 346: 5'-UCUCCGUCCGUACGCCCGUCUGU-3'

LLEEL T
KLF14-MUT: 5'-CUGAGGGUGGGUCCACCGUCUGU-3'

1 miRNA - 346 #8845 Kruppel #£KH T 14 (KLF14)
Figure 1  miRNA - 346 targeted regulation of Kruppel - like
factor 14 (KLF14)

Table 1 Validation of the targeted regulatory relationship between miRNA —346 and KLF14 (x )

Group n KLF14 - WT KLF14 - MUT KLF14 mRNA KLF14 protein
mimic NC 8 1.00 +£0. 12 1.00 £0. 15 1.00 £0. 17 1.00 £0. 15
miRNA - 346 mimic 8 0.58 £0.08* * * 1.06 +0. 13 0.46 +0.07 " " * 0.38+0.05" "

WT. Wild type; MUT: Mutant type; mimic NC: 293T/Hela cells transfected with negative control mimic; miRNA —346 mimic: 293T/Hela cells transfected

with miRNA -346 mimic ; Compared with the mimic NC group, * * * P <0. 001.
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ZH 1 miRNA — 346 %} 263k 7K 43514 1.00 0. 18
0. 42 +£0. 06, 5 41 it B 1 X6 BE A1 AR e, 40 i 52 55 41
o miRNA - 346 FHXTFRB KT B EFEAL (P <0.001) .
qRT - PCR F0 & [ o B 528 325 A6 0 2 7, 400 g B
X FECZH RN A B S 55 41 1 KLF14 mRNA A X 3% 36
K454 1.00 £0. 17 F12.22 £0.32, KLF14
B M X R K5 1.00 £ 0,15 F
1.72 +0. 23, 540 g B M %5 B84 A0 Lo, 40 g 52 56
2l KLF14 mRNA F1 & [ AH X R 8K 3 8 2%
FHE (¥ P<0.001),
6 DHA i#3T miRNA -346/KLF14 15 5 = HiE A
BESRIE T X IBIE

F FerroOrange %¢ Y6 4 £ 1 46 T 45 41 41 iy Fe®*
TS, 5 40 i P e BEZE R B, 4 B S 56 A R
Fe? " AN TG0 B 3 1 i (P < 0. 001) 5 5 40 g 52 56
ZHAH EL , DHA + mimic NC 411 DHA + sh — NC 41+

Fe’ * FIXFOOGHR B TE G T2 125 I G4 X

(¥JP>0.05); 5 DHA + mimic NC 41 #f ., DHA +
miRNA - 346 mimic 2 H Fe® " T8 B i 5 P AIK
(P<0.01); 5 DHA + sh — NC 41 #f k¢, DHA +
sh—KLF14 41 o Fe’* M X} 2¢O 5% J& B & & MK
(P <0.001) . & BTER A I 2 7, 55 20 B BH 1 o)
MEZAH LL , 4R SE g0 2 H GPX4 Al SLCTALL £ [ AT
FIRK-B 8 REAR (4 P <0.001) ; 5 20 i 5 55 21
FitE, DHA + mimic NC £ 1 DHA + sh - NC 4+
GPX4 Fl SLCTALL 2 A RIR K FEGE 27 2
SHTLG I E X (¥ P >0.05) ;5 DHA + mimic NC
ZHAH b, DHA + miRNA — 346 mimic 41+ GPX4 H
SLCTALL  HAH X RIX K P B EHEHAm (B
P<0.001); 5 DHA + sh - NC 41 #i kv, DHA +

R2 54 Hela A BRI TAISCHE AR LEAR (% £55)

sh — KLF144] GPX4 F1 SLCTAL1 & A X 3235 /K
B #E TR (¥ P <0.001) , DL 2 FIEk 2,
7 DHA & it miRNA - 346/KLF14 tH N B = H e
YRR tE A R T

CCK — 8 J KM &7~ , 5 441 BA 1 X B4 A L, 4
L ST B 2 P34 B e d PR AIR (P < 0. 001 ) ;Eéﬂﬂﬁ’ﬂ%?@
ZHAH G, DHA + mimic NC 4 #1 DHA + sh — NC 41 [
FERIEG ¢ L 22 S oG it 2 8 L (P >0.05) 5
5 DHA + mimic NC ZH#H kb, DHA + miRNA — 346 mimic
HIIGFE R R E T & (P <0.01) ; 5 DHA +sh - NC
ZHAH b, DHA + sh — KLF14 41 9 34 58 % 5 3% F+ &
(P<0.001) . Tunel ¥ &7~ , 55 40 g B mj‘ﬁﬁ?
AH L, 40 M SE 5% 41 Tunel BH P R & 3F
(P <0.001) ; 540250 2HAH L, DHA + mimic NC 4
1 DHA + sh — NC 41 Tunel [HM:RAEG T2 225
WG 27 L (¥ P>0.05) ; 5 DHA + mimic NC

x| D - — G w— | 20
caroit | DD <D S G S | ;0.

A B c D E F
2 HEEBENEEAIA e H RS AL 4 (GPX4) R
BB ZE T R 11 (SLCTALL) 28 AR X 2k KK
Figure 2
(GPX4) and solute carrier family7 memberl1 (SLC7A11l) protein
detected by Western blot

SLC7A11

The relative expression levels of glutathione peroxidase 4

A Cell neagtive control group; B: Cell experomental group; C: DHA +
mimic NC group; D: DHA + miRNA - 346 mimic group; E. DHA +
sh = NC group; F: DHA + sh - KLF14 group.

Table 2 Comparision of ferroptosis marker levels among the groups(x +s)

Group n Fe?* relative fluorescence intensity GPX4 SLC7ALll

Cell neagtive control 8 1.00 +0. 15 1.00 0. 17 1.00 +0. 12

Cell experimental 8 4.86+0.81*" " 0.45+0.06" " " 0.37 £0.05**
DHA + mimic NC 8 4.320.62 0.48 0. 07 0.35 0. 04
DHA + miRNA - 346 mimic 8 3.12 £0.57* 0.78 0. 11## 0.86 +0. 12##
DHA + sh - NC 8 4.23 +0.59 0. 44 +0. 06 0. 40 0. 07
DHA + sh - KLF14 8 2.02 +£0.332444 0.59 +£0.08222 0.77 £0. 10444

Cell neagtive control group: Hela cells were cultured normally; Cell experimental group: Hela cells were treated with 246.90 pmol - L.=" DHA for 24 h;

DHA + mimic NC group: Hela cells were transfected with mimic NC followed by DHA treatment; DHA + miRNA - 346 mimic group: Hela cells were

transfected with miRNA —346 mimic followed by DHA treatment; DHA + sh — NC group: Hela cells were transfected with sh — NC followed by DHA treatment ;

DHA + sh — KLF14group: Hela cells were transfected with sh — KLF14 followed by DHA treatment; Compared with cell neagtive control,

***P<0.001;

Compared with the DHA + mimic NC group,#P <0. 01, P <0. 001 ; Compared with the DHA + sh - NC group, 222 P <0.001.
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v T R 25 PR gk R

a2 MO 2026 4F 5 3 (A 455 1)

HAHEL ,DHA + miRNA —346 mimic 209 Tunel fH{:%
R (P <0.001); 5 DHA +sh - NC 41 L,
DHA + sh — KLF14 4]+ Tunel [H 4 % I 2 [ %
(P<0.001), %3,

8 DHA WMEHMEMBEKE GPX4 ESEEH
A1)

Fifr e VAR R o A S %, 5 B 6T R ZH M T
SN | o 700 2 2 P e AR o o 34 S AR AT
(P<0.05,P<0.01,P <0.001), sl bikiai g
N, S E BRALAH L, sh G, R S 8R4
GPX4 F1 SLCTALL A X BH 4 /K - ¥ 8 3% BE AL (¥
P<0.001), 34,

R4 [SUAEIEBREE R MPICTMRE A RIB R (2 +5)

R34 Hela 45 S5 TR LA (2 £ 5)
Table 3 Comparision of proliferation and apoptosis of Hela cells

amoung groups (x +s)

Group Proliferation rate( % ) Apoptosis rate( % )
Cell negative control 100. 00 +3. 65 14.32 +1.61

Cell experimental 54.32+£7.65***  61.33£8.25" "~
DHA + mimic NC 56.32 +8.02 57.32 £7.13
DHA + miRNA - 346 mimic 72.33 £8. 65" 32.44 5. 37"
DHA +sh - NC 52.32+9.23 59.63 +8.98

DHA + sh - KLF14 88.25 £10.35444 23,88 £3.49444

Dose and n refer to table 2. Compared with the cell negative control group,
*** P <0.001 ;Compared with the DHA + mimic NC group, P <0.01,
##P <0.001 ; Compared with the DHA + sh — NC group, “2% P <0. 001.

Table 4 Comparision of the growth of cervical cancer xenografts and the expression of ferroptosis — related proteins(x +s)

Group n Volume ( mm® ) Weight(g) GPX4 SLC7A11
Animal control 10 542.36 £92.33 1.55+0.33 1.00 £0. 18 1.00 +£0. 16
Animal experimental — L 10 402.85 £92.28" " 1.22 £0.22* 0.55+0.07"" " 0.48 £0.06* * *
Animal experimental - H 10 295.52 £60.56 " * * 0.88+0.15" " * 0.42+£0.04" " 0.29 £0.03" " *

Animal control group: Mice were gavaged with an equal volume of saline daily; Animal experimental — L group: Mice were gavaged with 100 mg - kg ' DHA

daily; Animal experimental — H: Mice were gavaged with 200 mg -

**P<0.01,"**P<0.001.

W

miRNA J&t — K B 2 22 A% 4 1R 19 A1 2
RNA, il 545 4 %8 mRNA ) 37 JE B35 X i 45 5L ) 3¢
B fEE ST, 2R miRNA (3535 58 O B0F
SE5 R kA R R A S FEA BRI
miRNA — 346 765 30 oh S 80 5 3 T, X 5 2 0 56
F miRNA 7¢ i o ik R P8 1 F 58 — 3B, KLF14 5
T B B3 A S RE TR S miRINA % 0 356 I JHG A 9 4
L 2R KO B (B 25 5 X R 25 S M A T g
il 5 R AR R 0 A AT o T ARG R
R AEEFUR A KLF14 7KOF B 5 FEA%, H ARt
K SL 56 UF 52, KLF14 7K - 52 miRNA - 346 18 ¥, &
miRNA — 346 [{ FLIE LA, 42 7% miRNA — 346/ KLF14
MRS S E UM & R TEIIERE b AR
HE— 25 %E DHA X} miRNA - 346/KLF14 il J &5 598
YNALA 12445 B, 45 5 i, DHA BE4S & 25
'S 290 Hela 40 f 3 58, B AR AN MG 7, 42 2F 40
JIBET, IRl B A B miRNA - 346335 F I & KLF14 33k
i xS s e RSN B, BRERAE Y 1
B L9 SKOV3 i ity Hh Ay AFF 98 3R 75 T 28 & BE, JiE

kg™! DHA daily; Compared with the animal control group, *P < 0.05,

S: DHA A D) 2 B3 AV 0 200 L 0% g I 40 1) G % R
71, 3k se s WS AL ) SR T DHA B T iS5 R
TRV . S5 B AWESEHED , DHA (4t 5 0 1F
T GEFR /318 1 P45 miRNA — 346/ KLF14 528,
BRIET R — PR M A ot ao S A0 3K Bl 1 R
PEAEMIZE T8 20, HARE A3 2 F R B a1 A
(reactive oxygen species, ROS) 7K T} & FI 4 bt H ik
(glutathione, GSH ) #8535 . RAET-AE y — o B2 )7
PEAEMAET 7 2, H 5 B 8V 1 ¢ R H 4532 B BT,
WFFE R B, B SR AN R IE 12175 5 2 0 S 5 ik )
JEPE R KLF14 5833 445 G GPX4 )5 3l F 3 il L
SR k55 8 S0 AN MR SE T, 1 38 KLF14 7] LA
AT R B B8 T T AR T AL . A BE 5T
7%, DHA 4bFHJ5 , Hela Z0ff P Fe* ™ 7K & F 1,
[ GPX4 1 SLCTAL1 AHXT 21k /K -1 8 FFRAIG, 1%
LR 47 DHA ZE3S 40 B T 58 FE T A DG Y
ST FHRHE. BRIZ A, DHA A] LIB 2 4% Hela 41 g
HimiRNA — 346 Fl KLF14 Hi%t 3 15 K, KLF14 %
oY miRNA —346 3 3% 35 Al LA 43 %6 #% DHA 5 3 1Y
Fe’* & F1 % SLCTALL, GPX4 7K [ % ik K °F, iR
miRNA —346/KLF14 T8 2 5 T DHA $08 S 14
R, HAE AR R ] e B RSP RE . (W)



Chin J Clin Pharmacol

1315

Vol. 42 No. 9 May 2026( Serial No. 455)

— 4R, KLF14 {88 B 7, ol BB X R LT 4H ¢
15538 B B D 2238 77 AR I, AT & BT R SR 1
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EIE. Ay 4l 4k 5 8 7, DHA b 3 f5 i g 41 21
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[ KLF14 33k, fEFE GPX4 fi1 SLCTAIL T 8 &
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