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[Abstract] Objective To investigate the effects of microRNA-429 (miR-429) on the invasion, migration, and
ferroptosis of lung adenocarcinoma (LUAD) cells, and to provide new insights into the clinical inhibition of LUAD
invasion and migration and the promotion of ferroptosis. Methods The expression profile of miR-429 in LUAD tissues
was analyzed using the starBase database. Quantitative real-time PCR (qRT-PCR) was performed to assess miR-429
expression levels in normal human bronchial epithelial cells (the BEAS-2B cell line) and LUAD cells (the A549 and H1975
cell lines), and to evaluate the plasmid transfection efficiency. The effects of miR-429 on A549 cell proliferation,

* AR AR A TE 139 H (No. ZR2022MH311) | 20234F FE A AEATH AL VI ZR 2155 H (No. 202310438044 ) | 20244F-#ebs iR & SRl Rl
)5 H (No. 2024RKX007) FNLIAR S — BERF R 220245F K A 2 U S BT IR (No. 2024YB039) BT )

A TGRS

R 3: 2026-07-20


http://orcid.org/0009-0003-7922-644X
http://orcid.org/0009-0008-5337-6139
http://orcid.org/0009-0003-7922-644X
http://orcid.org/0009-0008-5337-6139
http://orcid.org/0009-0003-7922-644X
http://orcid.org/0009-0008-5337-6139
http://orcid.org/0009-0003-7922-644X
http://orcid.org/0009-0008-5337-6139

# [ B AL miR-429% [F] HMOX 4% [ i e 4 A2 28

o

IR RERSET 1 20 5 HLI T 7C

migration, and invasion were assessed using 5-ethynyl-2 -deoxyuridine (EdU) incorporation assay, scratch wound healing
assay, and Transwell invasion assay, respectively. Potential ferroptosis-related proteins targeted by miR-429 were
predicted using bioinformatics databases, and the targeting relationship between miR-429 and heme oxygenase 1
(HMOX1I) was validated by a dual-luciferase reporter assay. Further functional experiments were performed to examine
the effect of miR-429 targeting HMOXI on the malignant phenotypes of A549 cells. The levels of reactive oxygen species
(ROS) and lipid ROS (L-ROS) were measured to analyze the regulatory effects of miR-429 and HMOX1 on oxidative stress
in LUAD cells. The contents of malondialdehyde (MDA), glutathione (GSH), and ferrous ion (Fe™) were measured to
evaluate evaluate the effects of miR-429 and HMOX1 on key ferroptosis-associated indicators in LUAD cells. Results
429 expression was significantly higher in LUAD cell lines (A549 and H1975) compared with that in normal cells (BEAS-
2B), with the highest expression level observed in A549 cells. Functional experiments demonstrated that miR-429

miR-

promoted A549 cell proliferation, migration, and invasion. The dual-luciferase assay confirmed that miR-429 directly
targeted HMOX1, and their expression levels were negatively correlated in LUAD cells. HMOX1 overexpression inhibited
the proliferation, invasion, and migration of A549 cells, while miR-429 overexpression reversed these inhibitory effects.
Mechanistically, miR-429 targeted and inhibited HMOX1, which led to reduced intracellular levels of ROS, L-ROS, MDA,
and Fe’* and increased GSH levels in A549 cells, thereby decreasing cellular sensitivity to ferroptosis. Conclusion miR-

1043

429 promotes the invasion and migration of LUAD cells and inhibits ferroptosis by targeting and inhibiting HMOX1.
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1 miR-4297ELUADALFIZEREHRIA EiF
Fig 1 Upregulation of miR-429 expression in LUAD tissues and cells

LUAD: lungadenocarcinoma. A, Volcano plots of differentially expressed miRNAs in datasets GSE74190, GSE135918, and GSE63805; B, Venn diagram showing the

overlap between the three datasets; C, miR-429 expression levels in normal lung tissues (n=20) and LUAD tissues (n=512) from the Starbase database; D, QRT-PCR

measurement of miR-429 in normal lung bronchial epithelial cells BEAS-2B and lung adenocarcinoma cell lines A549 and H1975; E: qRT-PCR checking the transfection

efficiency in A549 cells after being transfected with a miR-429 overexpression plasmid.” P < 0.01, " P<0.001. 1= 3.
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Fig 2 miR-429 promotes the migration, invasion, and proliferation of LUAD cells

A, Scratch healing assay evaluating the effect of miR-429 on the migration ability of A549 cells. Scale bar: 200 um; magnification: x40 (bright-field, inverted

microscope). B, Transwell invasion assay assessing the impact of miR-429 on the invasion ability of A549 cells. Scale bar: 100 um; magnification: x100 (bright-field,

inverted microscope). C, EdU proliferation assay examining the influence of miR-429 on the proliferation of A549 cells. Scale bar: 50 um; magnification: X200

(fluorescence microscope).  P<0.01, " P<0.001.1n=3.
ZH#¢inhibitor CONZHIH /P, KW miR-429 7] fE #ELUAD
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Western blotk il 45 5 i 7%, miR-429 inhibitordd HMOX1
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UTR-Mutlz % 5 K 7 i & 5200 (P<0.05) (K3G), #7R
HMOX1-3'-UTRIX £ miR-4291 B HE45 &0 . _Fiksh
LW, miR-429 0] 3 i 8 7] 25 &5 HMOX 1 1 [m] 45 HAE
LUAD#A I KR35
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Fig 3 HMOXI1 binds to and is regulated by miR-429

A, Venn diagram showing the intersection of Starbase and GeneCard databases. B:Protein-protein interaction network of miR-429 ferroptosis target genes. C: Hub

target gene map of miR-429. D: Expression of miR-429 in normal tissues and lung adenocarcinoma tissues. E: Correlation between HMOX1 and miR-429 in lung

adenocarcinoma. F: Western blot analysis of HMOXI1 protein expression levels after miR-429 inhibition. G:Dual-luciferase reporter assay detecting luciferase activity in

different groups of cells. **P<0.05. n = 3.
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=, FBTHMOX 13 335 nl 1l A54941 fgiF #2, MimiR-
4293 F K ] WA ZAM HIAE ] (P<0.05) (l4A) o Transwell
122245 R 7R, oe-CON+oe-HMOX 140 40 13 78 %%
13 oe-CON+oe-NCZH /1>, Moe-miR-429+oe-HMOX14H

#oe-CON+oe-HMOX 141 %, W HMOX 133 33K 7]
il AS494N I FZ 72, TimiR-42933 3 1k Al 33 i iz 4 il 76
(P<0.05) (E14B) . EAUHSHH 2545 (K14C) WoR, oe-
CON-+oe-HMOX 121 EAU PHE 4 1 45 oe-CON+oe-NCZH
[, Moe-miR-429+0e-HMOX 14 % 0e-CON+oe-
HMOXIZH TV 55, Fe W HMOX 153 32 35 ] 41 ] A 54941 ifd 434
B, TMimiR-4291F 23k A2 M il /E H (P<0.05)
2.5 miR-429%0 (6 HMOXIATTROSHIL-ROSE &
FIFHDCFH-D ABEH KN 25 2H A 54941 i (Y ROSZKF-,
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Fig 4 miR-429 targets HMOXI to promote migration, invasion, and proliferation of LUAD cells

A, Scratch healing assay evaluating the effect of miR-429 targeting HMOXI on the migration ability of A549 cells. Scale bar: 200 um; magnification: x40 (bright-field,

inverted microscope). B, Transwell invasion assay assessing the impact of miR-429 targeting HMOX1 on the invasion ability of A549 cells. Scale bar: 100 um;

magnification: X100 (bright-field, inverted microscope). C, EAU proliferation assay examining the influence of miR-429 targeting HMOX1 on the proliferation of A549

cells. Scale bar: 50 um; magnification: x200 (fluorescence microscope). P < 0.01,"

VITTAl 2 B 28 AL R SO ES o 45 R 7R, Soe-CON+oe-
NCZHAH H., oe-miR-429+0e-NCZH %< Y655 B BEAI, T oe-
CON+oe-HMOX I % M58 JE F+ 55 Hoe-CON+oe-
HMOX I ML, oe-miR-429+oe-HM0X1éﬂ%ﬁ‘ﬁﬁ%f}fﬁ%
ko EiRZER LW, miR-4291d F3k AT Wi HMOX 13 3
KT ROSK TS, EﬂmiR-429ﬁf‘ﬁiﬁErﬁlHMox1
FARLUAD A5494HfIROS & 2 (P<0.05) ([I5A)

K HIC11-BODIPY 581/59 1#R£1 461 A549 41 g i i it

“P<0.001.n=3.

ALK, RERS R @I, FILRHEAE k@
Yo R BN, Hoe-CON+oe-NCHAM L, oe-miR-
429+0e-NCLZL (Ao BE T . SR AR B FEAIR, T
oe-CON+oe- HMOX12H S (058 Y fE T | 41 (058 5%
J¥ 5 EFEAT; Soe-CON+oe-HMOXI4 M EL, oe-miR-
429+0e- HMOXIZH L A5G0 B Th iy . S B0 FE R
o BAREERFEY], miR-429:d Fk i i HMOX 1id %

K L-ROS/KE- T, BlmiR-429 7] 1 i # [/l HMOX 1
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& 5 miR-429%8[5 HMOX174MLUADZEFEROSFAL-ROSE B
Fig 5 miR-429 targets HMOXI to affect ROS and L-ROS levels in LUAD cells

A, DCFH-DA fluorescent probe detecting ROS levels in A549 cells in each group. Scale bar: 50 um. B,C11-BODIPY 581/591 fluorescent probe detecting L-ROS levels

in A549 cells in each group. Scale bar: 50 pum.

[RLUAD A5494/fliL-ROS% & (P<0.05) (J5B) .
2.6 miR-429458 5] HMOXIT7MDA .GSHAFe* & £
FISRTE T B

BT AWy at B AR R R T R A bR .
W14 miR-429/ HMOX T 2R A T2 5C S48 B5 1Y 52 W, 4
SR T A 20 AS4941 i MDA . GSH K Fe® & 2 .
MDA 25 5 (El6A) 7, #HHL T oe-CON+oe-NC4,
oe-miR-429+0e-NCZ MDA & & [%1X, oe-CON+oe-
HMOXI#HMDA £ T} &5 A% T 0oe-CON+oe-HMOX1
#H, oe-miR-429+0e-HMOXIZH MDA B [AK . b ik 4k
SRULHH: 1 F B miR-4297] LA % i e IAHMOX T 5 | 2
BIMDA K AR i, Bl miR-429 0] L i# i 42 [5) HMOX 1%
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fRLUAD A549Z41fIMDA &, 22 5+ A Giit 3¢ 3 L (P<
0.05) . GSHEZIZE 5 (K16B) 7, #1%4 T oe-CON+oe-
NCH, oe-miR-429+0e-NCZ GSH & F1 51, oe-CON+oe-
HMOX 120 GSH % £ [ 11K ; #%L T oe-CON+oe-HMOX1
ZH, oe-miR-429+0e-HMOX I GSHE BT . k%R
Ui 3 2 3A miR-4291] DA% i s AHMOX LUr 5 | 2 11
GSH & HFRAIL, Bl miR-429 7] DLl 53 #8 i1 HMOX 13
LUAD A54940fGSH & &, 2 7 A Gt it 2 & L (P<
0.05) . Fe &2 (El6C) 7w, H1%% T oe-CON+oe-
NC#H, oe-miR-429+0e-NCZH Fe* & &[4/, oe-CON+oe-
HMOXI#1Fe* & 1 T ; #H#K T oe-CON+oe-HMOX141,
oe-miR-429+0e-HMOX 14 Fe* & HE[FAL. LiRZ5 iR

Relative level of Fe?*

& 6 miR-429%" [ HMOXIZILUADZAIMDA .GSHFIFe” & 2
Fig 6 miR-429 targets HMOXI to affect MDA, GSH, and Fe** levels in LUAD cells

A, miR-429 targets HMOXI to affect MDA content in LUAD cells; B, miR-429 targets HMOXI to affect the GSH content of LUAD cells; C, miR-429

targets HMOXI to affect Fe** content in LUAD cells.” P<0.01,”" P<0.001. n = 3.
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il 96 2 4 BRI AE AH SCAE T B BRI, R8N
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HA A, LUADIRZZBREERE W N 2 RN | H
53 [ KA B R SR R o AR, miRNATE
LUAD R R R IIERZ B2 6. WA W
miRNAJHFELUADR 225685 (1 73 F Il AU B T3
i LA BERER, 38 AT M LUAD I 2 W 516077 $43L
B AL AR S AT AT T A

miRNAZE — /N7 RS RN A, 38 o 45 5
WEIXSHZRA MG, PRV, miRNATELUAD
W9 R HE R e B vh R #E OGS T o A9, 800 Pk
miR-217ELUAD 1 i 3 L3, 5@ Ml PTEN, PDCD4%
PR AT SR PR ek, 0 e 2 IS A A R I
Hh, miR-1557ELUAD i 35, il i 18] 42 SO CS1 .
TP53INPISE 5N, 2 5 Mg Sy ik ik Ak y it 25171
AR miR-429 8 W IE B AT 52 Wi 22 R JD e 1 48 e 4 7
FURZE, (AIAELUAD T e S o F WL i AN B . A
5% 38 1 50 M GEO S5 & (GSE74190 . GSE135918,
GSE63805) M starBase 41 2, X lmiR-4297ELUADZH 41
A B, qRT-PCREGINHE— B UFSE, 5 1EH# il 32 <,
B L AMMIBEAS-2BAH EL, miR-429 75 ifi i 8 40 i &R
A549, H1975H1 438 BT, BAEAS4941 il b kK-
e, PR T RE R A L VEH o e SR T RE LI TIESE,
miR-429 7] {E HELUADANME A5 . iR AR ZE .

BRAET 2 — PR P A P Al i st T B 28, LU
JF it AL RN SR BRRAE Y, WA R IR 16T BT SR
M. miRNATEWFEERIET b & EZAE ], HAZ O L]
P S A L PN A AR SRR A A, OB B AL S : GPX4AY
SHNE T A LYHEE | SLC7ATIN SR AR/ S E IR
W) s e A e H KA B, LA NCOA 44 S iR
1 [ W& (ferritinophagy) BEHUE AL, #1401, miR-
137 0] 58 5 30 ) GPX 4 A e AR i E AL W & R, 15
BRFET®Y; miR-214 38 28 F 8k i 85 H 1 (FPNT) Hn
YN PR, FEMAREERIET-™,  FiRIFFT 3R, miRNA
ASE R ST LB R G RSB T R A

HMOX1(IfLZT 248 A 1) & — PO HE i 1 A AL,
Z 5N E AR RN . — 7 T, HMOX Ak HAT 41

L CRAr A - et R A (R A E I B 2T 3R, 26 iR
22 (W5 5 Ak bt S FI IR 2T 2) F— 4 kA (CO),
AT Z2 S8 AR R, 3% 7T REAESE L O T Il gkae T2,
P —J7 1, KEFFFEIESLHMOX 18 B (e 2k A0 T-4E
LA 102128 13 R 23 B St i B9 K, 3 i Fenton 2
O 2 JE T 2 L PR e AR, IR i S, AT L
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S, IR SR R
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