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B OE.Ef FTAwHR 158 8468 (ALOX15) E 4 5 H ik it 84 8 4 (GPX4) A $ 4k 58 = 2
R B Mg Sz Y, Fik BFARRKRRBG @ (A172,U87,1LN229) #= iE % JX JR 40 fieL
(HA1800), R Ak KB ER 4842 R E (qQRT-PCR) A& & R E H4& 0 R E &8+ ALOX15 mRNA & &
#) & ik, ALOX15 mRNA A& &G Rk RAKG aa fo o A sF B (EF 35, R#EAFEMLALE)  ALOXIS 4
(pcDNA-ALOX15 # % m i) . ALOX15+GPX4 21 (pcDNA-ALOX15.pcDNA-GPX4 # % #mfin), &£ A CCK-8
FE I R L Transwell D E L5 AN w37 44324 5, )8 DCFH-DA % R IF 440 28 o
B 5 2 (ROS) K F, K A qRT-PCR Ao % & T 67 3 sk A M 2k 58 T 48 % & @ [GPX4 ¥ 4 BS BL 46 B A & B 4
(ACSL4) 3& B A8 BEfe A v vd — A2 B B A B BB 1 (NOXD) (SR AALEE 2(COX2) ]k ik, &R L5 EFRK
JR s i HA1800 Yo 4z IR 98 s i A172.U87 . LN229 F ALOX15 mRNA B & & & ik ¥ Bk (P<<0.05); 5 Ik
JrdE sa Re A172 Yok I g B UST + ALOX15 mRNA A& & &£ KA (P<C0.05), 5y amae UST 1k
LR e LN229 # ALOX15 mRNA A& & &%k 7% (P<0.05), # ¥ US7 4 ALOX15 mRNA & %
OARXRK, G EHRA UST @iz ., 53 Baks, ALOXI5 44 ALOX15 mRNA A &G R LA B HA &
(P<C0.05)  mfasgsh & 4 i3 % 20 L HEAIL(P<<0.05), HarmBats , ALOX15 A ROS K-F,
ACSL4 . NOX1,COX2 mRNA & & & &£ 8 2 H F (P <0.05),GPX4 mRNA & & & KL B B (P<
0.05), 5 ALOX15 483% ,ALOX15+GPX4 48 GPX4 mRNA R E G £k Wit 8 % w135 %29
24 & (P<C0.05),ROS & -F ,ACSL4 . NOX1.COX2 mRNA Z & & £ ik ¥ 2 B4 (P<{0.05), &i& ALOX15
i R T AR R R G e R ey ¥ A iR AS 5% Ak A TRE @ ) GPX4 Rk L iF S meske T,
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Abstract:Objective To investigate the effect of arachidonic acid 15-lipoxygenase (ALLOX15) regulating
glutathione peroxidase 4 (GPX4)-mediated ferroptosis on the proliferation, migration and invasion of glioma
cells. Methods Glioma cell (A172,U87,1LN229) and normal human astrocytes (HA1800) were cultured.
ALOX15 mRNA and protein expression were detected by quantitative real-time PCR (qRT-PCR) and West-
ern blot. The cell line with the lowest ALOX15 mRNA and protein expression was divided into three groups:
control group (normal culture without treatment), ALOX15 group (transfected with pcDNA-ALOX15),
ALOX15+ GPX4 group (co-transfected with pcDNA-ALOX15 and pcDNA-GPX4). Cell proliferation was

measured by CCK-8 assay,migration by scratch assay,and invasion by Transwell chamber assay. Intracellular
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reactive oxygen species (ROS) level was detected using DCFH-DA fluorescent probe. Ferroptosis-related pro-
teins-glutathione peroxidase 4 (GPX4), long-chain acyl-CoA synthetase 4 (ACSL4), NADPH oxidase 1
(NOX1) and cyclooxygenase-2 (COX2) were analyzed using qRT-PCR and Western blot. Results ALOX15
mRNA and protein expression were lower in glioma cells A172,U87,and ILN229 than in normal human astro-
cytes HA1800 (P <C0. 05) ;compared with glioma cells A172, ALOX15 mRNA and protein were lower in glio-
ma cells U87 (P<C0. 05) ;compared with glioma cells U87, ALLOX15 mRNA and protein were higher in glioma
cells LN229 (P <C0.05). U87 cells showed the lowest ALOX15 mRNA and protein levels,and were therefore
used for subsequent experiments. Compared with the control group, ALOX15 mRNA and protein expression
was higher in the ALOX15 group (P <C0. 05), while cell proliferation, migration and invasion rates were de-
creased (P<C0.05). Compared with the control group, ROS level, ACSL4,NOX1 and COX2 mRNA and pro-
tein expression was higher in ALOXI15 group (P <C0. 05), while GPX4 mRNA and protein expression was
lower (P<C0.05). Compared with the ALOX15 group, GPX4 mRNA and protein expression was higher in the
ALOX15+GPX4 group (P <C0. 05), proliferation, migration and invasion rates were increased (P <C0. 05), while
ROS level, ACSL4,NOX1 and COX2 mRNA and protein expression were lower (P <C0. 05). Conclusion

pression of ALOXI15 suppresses the proliferation, migration, and invasion of glioma cells, possibly by down-

Overex-

regulating GPX4 and thereby inducing ferroptosis.
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U2 T3 98 e — ol 2 AR B A R PR R 2 R s
N N R = I s 0 1 NG (R e
FE L KRR R W TR YRR %R . H
BB F IS TS AR, 5 B 2 A A 5R 1 47 28
PE R 5 B A A ¥, T AR UTBRME BE & HBUIR T 2%
R B AR A R AR . b, T3 IR T A
FT % H v e B R 3 T SO S LR X I B Y 1 A
YITE R . 3 AF Ok R8T 4 S — s B 20 i g6 1
2L B WA R A T AT B B ST AR BRIE TS Y
KA 5 B B A B R A5 8 U AR OC L T A e T KA 4R
Y A (GPX4) Z WP ERIE T 1 8+, H T hg &
HERIR TN S S BUIR BTt AL W R R L 3R Kk Bk
ST AELETUMEIR 15-18 A A (ALOX15) J2& — Fil
Jg W5 S8 AL Bt L 72 2 Mg v 658 SR, 9 5 o ) 0
PEAR LR B RE H R S % U0 AR UL L 4b.
ALOXI15 fgtfiEfb A2 #F8 G 7 W i A ml s i — 2P 5]
KNG oS A Ak R, B 4 ke TS i kR
ALOX15 5 GPX4 7E 430 T~ (% I8 45 v 1] Be A7 76 A B
YER . St ) 52 B T o 4k 09 S A R AL SR,
ALOX15 J& 75 A8 I8 15 112 539 14 2k 58 12 i A% B LR fie
DR E SR AN Rk e AR A S Nl I STRRE S o AP/
R BT AR S 4 B 52 55, N GPX4 A S BRFE T M JE
PRIT ALOX15 X fise J57 968 240 it 34 7 L 3F 7% T 42 28 1Y 5%
M Ay I AR 1 5% Jie B 98 B4 3R O AR R TR AR IR T LS
1 #RE5HE
1.1 SEIMR R A172,U87,.1LN229 Al
NIE B 8 40 Mg HA1800 g [ vh [ Bl 27 B - 765 40 g
. ALOX15 &k 8k (peDNA-ALOX15) . GPX4
523K BAK (peDNA-GPX4) , ALOX15, GPX4 , K
BE A G A A U 4 (ACSLA) | 3 55 780 0 ok i e 1t nds

glutathione peroxidase 4;

long-chain acyl-CoA syn-

TR BERR AL 1(NOXD) (&ML 2(COX2)
Hh -3 R I A BE (GAPDH) 541 W [ 75 75 35 4k
K/ #] . Lipofectamine 3000 # Yeik F| & W B £
Invitrogen 2~ H) , CCK-8 iR 5| & W B It 70 H B3¢ R
F 2 HE], Transwell /N R A 35 E BD 2y #,
DCFH-DA Z&C £ H B ifF R L= R Al
TRIzol i 7 H 35 E Thermo Fisher Scientific 22 ] ,
S B SR O 1 R G B E SV (qRT-PCR) it
FlE W H H A TaKaRa 23w . 55 G 928 U3 2 24
(RIPA) , W ok H1 i (BCA) #5238 57 & 1
A F#EE LKA L ALOXIS .GPX4 ,ACSL4 \NOX1 ,
COX2.B-WLEh & 11 (Bactin) B —H W H £ EH Ab-
cam A F] . AHFFE E I R A S N RS B IR 2
RHZE AL CR LS AR T 2024 WFER 149 5.
1.2 ik

1.2.1 ZHMeisEsR EHEA 102864 M + 1% 7
HR/BEE RN DMEM 537,37 'C.5% CO, &1F
T S A0 B R T A B R AR AR K E 80
FF VS o i 2 1 i, AT AR AR R BUE KRORE R 45 1Y
AT IR S5 5

1.2.2 MY ALl 510" /fLEEM T 6 1L
e, 2 B % A K E 609 B, #% Lipofectamine 3000
B e i) B 0 B AT AT AN ML e L35 3R 48 h R RIERE

1.2.3 ZHMrdH (1) 35 3R [a) e o s 4 i CA172,

U87.LN229) F11E % K& it 44 it ( HA1800), Wi %¢
ALOX15 mRNA K & H £ 51 &, % % ALOX15
mRNA KE AR IRRARWAEAITEELE . (2%
iR ALOX15 mRNA KR [ 3R 35 B AR 09 40 i 53 A
MZH  ALOX15 40  ALOX15+GPX4 20, Hrhxf a4



+ 2500 - BB EFSHEK 2025 F9 A% 22 %% 18

Lab Med Clin, September 2025, Vol. 22,No. 18

IEH 5 3%, AAEAT AT 4L F; ALOX15 41 ] pcDNA-
ALOX15 YL 40 il ; ALOX15 + GPX4 41 A pcDNA-
ALOX15.pcDNA-GPX4 $ L4l . R4 E 5 1
A FLAG DU AH 48 A

1.2.4 gRT-PCR # il ALOX15.GPX4, ACSL4,
NOX1,COX2 mRNA FiE/KF & Ha M, 3

i TRIzol I F$2 B0 RNA, 254 54 1 cDNA Hifk
B RIG AT qRT-PCR ¥ 34, SEHEBI Y F 6 W% 1.
RV 4AE:95 °C 1 min, 95 °C 30 s,60 C 30 s, 3t 42
AER . RAEA 27 A LN mRNA I XF
FKikE,

1 EES ¥ F 7l

5 197 51
ALOX15 T 5 -ACTGAAATCGGGCTGCAAGGG-3'
B 1+ 5 -GGGGTGATGGGGGCTGAAATAA-3'

GPX4 M 5 -GGGCTACAACGTCAAATTCG-3'

1 :5'-TCCACTTGATGGCATTTCCC-3’
ACSLA4 E1:5"-ATGGCGGCTACGACGAGTTC-3'

S 5" -TCAGGGCTGGTGGTGATGTT-3'
NOX1 I :5'-CGGGTACCTGAAGGTTGCAGTGAAGGGAGATC-3'

R :5'-GCCTCGAGGGTTTGGAGCCCTTCTAGGC-3'

COX2 iE[] .5 - TTCAAATGAGATTGTGGGAAAAT-3'

K1 :5'-AGATCATCTCTGCCTGAGTATCTT-3'

N2 GAPDH

E .5 -ACATCAAGAAGGTGGTGAAG-3'

S0 5 -ATACCAGGAAATGAGCTTGA-3'

1.2.5 HAFWPTELEM ALOX15,.GPX4,ACSL4
NOX1.COX2 ik LA A MM, B RIPA
PEHCEEE 11, BCA 32 5 bR A< ¥k B, 4% 41 28 it HL 50
pg B AR 1020 1 bt 5L IR A28 TN M Ik e (SDS-
PAGE)&EE, 110 V HL UK 43 85 8 . FEOR I &% 160
EHHEBER M W LM (PVDE) B, Zii T £ 2
h, 4F91E I ALOX15C1 = 1 000) .GPX4(1 : 1 000) .
ACSLA(1 :+ 1 000) . NOX1(1 ¢ 1 500),COX2(1 :
1 500) fl B-actin FEH—HL (1 : 1 000) .4 CIRAE TR ;
VRS A AR B ZE 1 Bt (1 50000 . E IR F 1 h,
T UK 6 T I 3 2 e i) S e, 0L P B I AR &R B R
TR 4 EME ] Tmage J 3020 & 4545 K FE 18, LA
HWEH S5 MNZ Bactin KEE L RR B M E A A
XPRBHE

1.2.6 CCK-8 £ il 4 ffd 38 76 1% 0 K 4% 45 20 i LA
1X10° /FLEEM T 96 FLAR . IF 15 B 25 1 4L (U Jin k5
FEW L, TCAM LB 9% 24 h R IMA & A 10% CCK-8 ik
T 55 IR, AR S B 5% 4 b BUH 8% 3% AR A Bl A AR
W30 5% 450 nm P AR EE CA) L T3 41 i 34 78 %
20 M3 T R = (A — Aspn )/ Ay — D) X
100%.,

1.2.7 KR SCH0AG I A0 B RS 15 B0 K 45 4 40 i DX
5X10° /fLEA T 6 LA, 355% 24 h 5. 0 1 mL BB
P Sk 3 T LR S R £ L 9F 0 SRR 5 (0 ho
Y2 bE SR 24 h 5 BRI IS SRR 98 (24 b PR
MAEIERE R, IR ERE = h FEE—24 h 5T /0

h & X100% .

1.2.8 Transwell /NESZE K40 R ZZHE N 0
S F BT A 9 1Y Transwell /N4 46 i 45 Fh 2 [
FLNEPIINE A 2020 86 A4 M0 ) B SR 55 5 24
h WO /ANVE R 2T R a i, 8 F A% 2 R
R VA P 30 min, B 45 S 208 10 min, 688 F
SR ZE A AL T A AR 22 3. MR 28R =%
I 248 L 50 /22 b 48 i S5 45 X 100 %%

1.2. 9 DCFH-DA ¢ % # & & I 40 f 79 3 M 4
(ROS) K B4l gl 5 <10 /FL3ER F 6 L

WL.IFFE 24 h 5. A 1 1 000 %4 DCFH-DA 725
PREF I JC M5 B8 32 W, BEOE T IR E 30 min, BEH A
LT 55 R MU A0 3 WKL B e T e e e Tk
e I 45 LS

1.3 SeitoFab ¥ SR SPSS25. 0 B kb B 43 #r %k
i, BIESM I REFERIL 2 £5 R, 2 dH A
K H ¢ Ke5, 2 4 (8] b AR IR 2R 22 40 T, iF —
PR A LSD+ K. P P<<0.05 HESA
Gt E

2 % R

2.1 AN [R5 J5 988 40 e 5 O RS B 40 i R ALOX15
mRNA KHE A LK 5 IE S KR4 HA1800 H
LR M A172,U87.1LN229 # ALOX15 mR-
NA KRB (P <<0.05), 5B 240 i
A172 W8, I B 40 i US7 v ALOX15 mRNA K
M FRIRFEMR(P<<0.05), S RE AN UST this,
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W40 i 1TN229 fr ALOX15 mRNA RE A FEik
TFhE (P<<0.05), US7 4ijili ALOX15 mRNA K&
Tk Ak, WL, FEESCIR H US7 MsE s, WK 1,
%2,

1 2 3 4
ALOXIS D B e 74X10°

W1 RN ML HAL800;2 Jy e R 4 ML A17253 Ay Jie 2 983 40 A
U874 b I o 98 4 L LN229,

1 AEERRMAM B ALOX1S EHFRIE
x2 AEBERMAM B ALOXI5 mRNA REH
RIKLEB (2 L)

21 1 n mRNA figE|
Ji I3 41 il HA1800 5 1.00+0. 14 0.58+0.09
JBE B RE Af FfL A172 5 0.7240.11° 0.3340.08"
JB2 I 968 AL U8 7 5 0.4240.09" 7 0.0940.03" 7
S I %% 400 i LN 229 5 0.6740.11"% 0.2940.07"%
F 21.795 39. 893
P <£0. 001 <20. 001

T S5 BRBAN HA1800 Lhgs, ™ P<<0. 05; 5 BUm 40 il A172 It
4.7 P<00.05; S FOR AN UST 4. P<0.05.

PR L ALOX15 41 ALOX15 mRNA K& H

IR 1.0040. 16,2, 1740, 28, ALOX15 EH
FiKAHIR 0. 2440, 06.0. 7340, 17; 5% B4 4%,
ALOX15 41 ALOX15 mRNA RE A ELPEFA S

(P<<0.05), WK 2,
1 2

Aoxis W R 710

B -actin “ £2X10°

TEL 1 MY 2 9 ALOXIS 41,

B 2 FTERA ALOX]S A4 H ALOXIS EHRIE
2.3 XFER4., ALOX15 4. ALOX15 + GPX4 4

GPX4 mRNA & H 35, UST 4 i 54 5t &, 1T 7 R Al
RERILE  SXIRAE . ALOXLS 4 GPX4 mR-
NAEEER, RN ENE R TR ZFERPE
B (P <<0. 05); 5 ALOXI15 4 I #, ALOX15+
GPX4 2 GPX4 mRNA Z& [ 15, DL L2 20 Jifd 36 5 %6

THE FZERH BT E (P<<0.05), WK 3.5 3.
1 2 3

B-actin MG 12 10°

W1 MR ;2 O ALOX15 4153 y ALOX15+GPX4 41,

2.2 3 XMEA.ALOXI5 A.ALOXI5+GPX4 A 4B
Fk B W4 ALOX15 44 ALOX15 mRNA GPX1 BE R
*3 B84 \ALOX15 4 ALOX15+GPX4 4 GPX4 mRNA ZEAKIE, ARk U7 HAAEAEE IR R BEERRK(x+£5)
- i GPX4 20t 14 7 R 2 0 T 0 R
mRNA 1 €] (%) %)
Xf B 20 5 1.00+0. 14 1.31+0. 24 100. 0040. 00 64.15+6.48 65.26+8.51
ALOX15 4 5 0.3940.06" 0.46+0.07" 38.2545.11° 30.694-6. 05" 34,617,427
ALOX15+GPX4 41 5 0.9140.117 1.1240.187 86.1746.727 56.2747.347 58.93+7.857
F 46.076 31.459 221.012 34.650 20. 769
P <<0. 001 <0. 001 <£0.001 <<0. 001 <0. 001

XA e, T P<<0. 05;

5 ALOX15 4l b4, ™ P<<0. 05,

2.4 N4 ALOXI15 4. ALOX15+ GPX4 4H %k 5E
TIEAr LR SXHIEA R, ALOX15 4 ROS /K-,
DIz ACSL4 NOX1.COX2 mRNA K& H #iA0 5

FE (P <<0.05); 5 ALOXI15 4 &, ALOX15 +
GPX4 #1 ROS /K, Lh J ACSL4 . NOX1.COX2 mR-
NA REHF LS BEK(P<<0.05), WE4L1.K 4,

x4 MEAE ALOXIS5 A ALOXI5+GPX4 A TIEMRLL B (2 =)
ACSLA NOX1 COX2

205 n ROS

mRNA HH mRNA HH mRNA HH
Xof IR 4 5  1.004£0.10  1.0040.13  0.18%0.03 1.0040.15  0.4840.06 1.0040.11  0.4340.05
ALOX15 4 5 1.93+0.17" 1.75+0.18" 0.4840.07"  1.9140.20" 1.0340.13"  2.2140.24" 0.91+0.09
ALOX15+GPX4 41 5  1.3240.147 1.24+0.11% 0.274+0.04%  1.4040.16% 0.734+0.157  1.5740.197 0.70+0.077
F 57. 239 35. 839 48. 041 35. 420 26. 453 51.952 56. 032
P <<0. 001 <<0. 001 <<0. 001 <<0.001 <<0. 001 <<0. 001 <<0. 001

WS, T P<<0.05:5 ALOX15 41 b4, © P<<0. 05,
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1 2 3

ACSLA o 79X 10°

NOX1 * 65X 10°

Tl WAIRA ;2 S ALOX15 4153 ) ALOX15+GPX4 4.
4 B ZH  ALOX15 4 ALOX15+GPX4 H#%ET
BXEBKRZE

3 it e

B2 S5 96 AR A 20 20 2 2, W] 4y Ol B O Al R L /b
2 T T 240 i 98 RIS I 40 i R G v R o R 4 i 9
I AR 2B R Y % 0 BB EIR T RO 22, 5 AR AR
AR 10X, WATIR A 0F 5045 R W, B
A 24 5% 58 R s 7 TR e A5 B B ON SRy O I R R v 1Y S
B A 2% L (H LA B BIL R o AN 4D L BT R — A
A6 20 L T S T RO B A M BT T O =X, DA
ROS i BURAE Bt A Ak b B . M EHF 9 B
RSP SRR T AT A R A K v I B B A IR T
(1 it 245 P, 30 T 394 58 P 98 G A T ORE L HAR
G50 7 o 8 IR AT B ST ALk 1% e 98 1 5% v b 4R AR )
KOV m T IR R 4l 4L, v T bR kB8 T A
ROS™™ T HL . B2 R /4 20 R IS 17 % 3 1k 2R 45 2k 1A
e 5 I S I R AN i ok ok R AT T R AR

ALOXI15 J2 JI5 485 Wl 52 15 10 B 228 51 o R B 5T
FEHT, HLTE R 4 0 M T T b 40 i A, T REAE
N AR BT A RGE ST bR - MA S i g &
M ALOXI5 Al Ak 22 A 160 F0 RS 7 B2 1) ot 4 Ak B i
A T ) ke i P 9 O 0 LR 9 s ZHAO S
W5 LI, ALOX15 38 i o5 5 0 28 o 4 i Ak Bt 1 ik —
AT R S R B B A% . A TR A0 T
SHINTOKU 2" g 38 L 3 ) ALOX15 £33 /b &k 3k
TESHR G K RERIET . FiE, WANG &5 78 2 bk
& I s S R R AR 3h W i R bk B, e
ALOX15 Rk A5 S 40 MR S8 T, DT 400 il 44 o9 2k
A S I 1N <0 2 S SO = S ol < 7 S (= o
ALOX15 X i 75 5 20 i 2% 58 7 F 40 1 g 40 i 2L A
W AR L H H FiF & T3 55 0 5T 98 400 Bk B T 1Y O &R i
BZ WS RGE . ARHF T 45 R WoR, 5 OE R R T 40 i
HA1800 L #&, B¢ it 9 4 M A172., U87. LN229
ALOX15 mRNA K 1R EFEAL 1 ALOX15 o 3%
K A0 G A R G R R RR 22 R ] R AL, R W
ALOXI5 AJ GeAE b Je 400 i PR, 5 A 400 1 e Jo 93 4
il U87 Y458 ERE MR 22 MEH .

ROS ZERAET- 0 A ot , AR ] 5] & Mg i i

A, XIRBIET- M — D&, ACSLA 25 & Z A
6L 0 1 U7 TR Tl B ) 2 G 3K 6 5 i 2 B T 2ot AR Ak 1
Y1 ACSLA FRIKHG N, W& A T 2 18 W) Al 4 F
FH L 1A HE IR BT A AR A . R 2k BE T i AR
NOXT AJ 7 A= % PR 48 38 5 35 hn 40 L 9 ROS /KK, [8]
PEAC AL T i 1. COX2 R BRIET- bR & . I
K- S5HICT 0 L ER R L RED L H COX2 %
KT A RO R BE T R A AR WE S 2D W %
ALOX15 i 33k % UST 40 M &k € 1= i &2 mi, & PR
ALOX15 s ikl UST 41 il i 4k 58 12 & & . 40 g
ROS /K F, Lk} ACSL4,NOX1,COX2 mRNA FHI7&
A0 5 T E . GPX4 mRNA IR 113 35 W] 1 p%
ik, ER&gE R ALOX15 i Kk al fE gF UST 41
BRAET: . ANFE T T IR [ W SRR R BB T
WM A ER ., GPX4 BT M H ki A b ¥y il
G 8 3 ) A% e H IR AR S 38 SR B Y s
SURRAR /B4 =R i IAISD V4 D A o 1) U A
GPX4 A] A #4035 B I B it 4k ¥ 5 24 GPX4 1 P 52 3|
) B R IR N BRI, 48 A P4 B BT A AR Ak ) T Tk S B
TR, Bk 2 il & Bk T T aE UYL AR B g b,
GPX4 FIk T #4315 ALOX15 XF UST7 4 il fit 317 Hil
ER  #78 ALOX15 A fgidE o i il GPX4 Rk, i &
A MR AE T T HI ) UST 4n s st BB 517 2%,

25 E TR, ALOXI5 2o 323k a4 6 g J53 983 240 M 1)
g GER 512286 ), 0T BEE S M GPX4 K35,
SR IET

&% ik
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