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RT-PCR. Results Compared with the control group, the COE, OE-FOX04 and OE-FOX04+COE groups exhib-
ited significantly improved gastric mucosal lesions, reduced lactic acid levels, weakened expression of aerobic
glycolysis-related proteins (PKM2, HK2, LDHA, GLUT1), and enhanced FOX04 expression. The OE-FOXO04+
COE group showed the lowest lactic acid level and more pronounced changes in related protein expression com-
pared with the COE and OE-FOXO04 groups. In contrast, the shFOX04 and shFOX04+COE groups displayed in-
creased lactic acid levels, enhanced expression of aerobic glycolysis-related proteins, and reduced FOX04 expres-
sion compared with the model group. Conclusion FOXO04 expression is involved in the inhibitory effect of COE on
GPL, possibly by regulating the aerobic glycolysis process.
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Fig. 1 Construction of ZEBI overexpression plasmid vector
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Tab.1 RT-qPCR primer sequences

Gene Sequences (5'-3")
F:TGACATCAAGAAGGTGGTGAAGCAG
R:GTGTCGCTGTTGAAGTCAGAGGAG
F:CCACCCTTGAAAGTGATCCAGC
R:CGGTGTAGAATCAGTCATTCTG
F:GTTTGCCCCTTAATGCCAT TGAACC
R: GCCATAAGATGTCCTGTTT TGCCATG
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mL F¥% oK £ B 2R i 75%, 7E 4 °CF [ E o
Wo BOEBREEHG, H PBS Kt H &, =
IE/KAE 15 mine MIA 1 mL PLYL (8 TAEWR , B E
30 min. e i (9 2040 A0 4R 40 B A 5,
Mod Fit LT 5. 0 #A4F0EAT 240 it & 31 B B 40L& 434 o
1.3 Sit=E4E K H SPSS 27.0 il GraphPad
Prism 8. 0 J 4B AT o124 70 B DL S B 3Rl i
TR R s TR GG IES AT RIS 26 551
Z A A LB B R 7 2250 . PRERLTA] R
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ZEB1 TE i g v 0 28 REAE K HE 5 i A vk 7
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it e A v 0 5 PRI DL =, T B R 4 v 1 7 S
WYECE 2A) o Gt i B, Low-Mal 415 Normal
2 22 8] 22 S A7 G i 3 L (P<0.001) , i High-Mal
#H 5 Low-Mal 21 [H] 22 5 A G2 1127 5 X (P<0.001) .
Wt ZEBT 7E P R 4 P i H A543 AT, s HAE P
Rz 4f i H R EL R 21, 6%, IR LB 1. 5%
(E2B) o 78 3 40 ff rp, #6955 CD8" T 41 Jifg
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oA 11 G038 S i RN 0 30 5 DDA OC , HERIA RIS A R
il A OE (1 2C) . TCGA B B 1Y 23 b 45 51
WoR, ZEBI W) 3R15 5 Mg Ak (EMT (228 7% .
R KR IEM G (E2D) . LR g R R,
ZEBI 1] Bl i 45 22 P AR Wy 2 s R A 0 s B 4R
R .
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Fig.2 Analysis of ZEBI using the GEO and TCGA databases

A: ZEBI showed differential expression in the spatial transcriptomics deconvolution regions in the GSE179572 dataset; B: Expression of ZEBI in
endothelial cells in the GSE117570 dataset; C: Expression of ZEB/ in immune cells in the GSE127471 dataset; D: Correlation analysis of ZEBI gene

ok

and 14 tumor states in the TCGA dataset;  P<0. 001 vs Low-Mal group.
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Fig. 3 mRNA and protein expression levels of ZEBI in lung cancer cell lines

A: The ZEBI protein expression levels in cells; B: The statistical chart of ZEB1 protein expression levels in cells; C: The statistical chart of ZEB1

mRNA expression levels in cells; a: BEAS-2B group; b: H322 group; c¢: A549 group; d: 95-D group; "P<0.05, “P<0.01,

group.
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F3k (1=44. 320, P<0. 05) 34 i E 481 .

2.4 1RZEZEBIZ H322 AAIEEIMB TN
fim  CCK-8 5 W/~ (K 5A), 5 Control HAHLL , Oe-
ZEB1 20 41 i W S B 3 fin (F=6. 974, P<0. 05) . “F-
M e e 4% S 7R (B 5B L SE) , Oe-ZEB1 2H 7 B 44
(175.7 + 17.67) &= F Control 4 7 [ %7 (118.3 +
15. 82) (1=4. 186, P<0.05) . EdU 525045 5% /s (K]
5C.5F), 5 Control M Lt , Oe-ZEB1 4H 2% (6,25 Y 5%
£ 341 (1=6. 579, P<0.05) . Hoechst33258/PT # %t
sz 4k B R (K 5D.5G) , 5 Control ZH AH L, Oe-
ZEB1 4 5y #5064 M 5 AR LT G A e e vk b (1=
6.221, P<0.05) . LI I 45 3 3% B Oe-ZEBI1 12 3t
H322 20 M (%) 35 58 g 7, 30 ) H322 20 fg 09 3 1
K

2.5 @RIEZEBIXF HI22 AT RMNEZN
M AR S5 25 R B R (B 6A 6D 6E) , 5 Control
HAH L, Oe-ZEB1 2H 24 h 148 hiT B R & (1=
3.470,1=6. 515, P<0. 05) ; Transwell 3£ 4 25 I g} 7
(& 6B.6C. 6F . 6G) , Oe-ZEB1 21 1T #% 40 I %4 (1=

A

GFP

29. 650, P<0. 05) Flf= 22 4 fi 1 (1=14. 540, P<0. 05)
I F Control 2 41 0 1T 75 KM 40 U2 282 4. VA I
LEILR I, Oe-ZEB1 {2 3 H322 411 il (13T R AR 28
2.6 33Xk ZEBI % EMT #1 MDM2/mutp53/p21
WA RIEZN Western blot 22 5 45 5B 1 7~ (K]
7A.7B) , 5 Control 41 #1 [t , Oe-ZEB1 41 E-cadherin
) 8 3R 3k K F T B (1=5. 249, P<0.05) , N-
cadherin i % [ % & K F | T+ 5 (1=4. 435, P<
0.05) . MDM2/mutp53/p21 i A 5 2K 1 45 1 BoR
(K 7C.7D) , 5 Control L A k. , Oe-ZEB1 21 MDM2
Al p21 2 B R IEAKE TR (=7, 070 1=4. 115, P<
0.05) , mutp53 F Cyclin D1 £ H &35 K380 (1=
7.099 .1=7. 078, P<0.05) . it =X J& A S0 56 2%
R (K 7E.7F) , OE-ZEB1 41 G, ¥ 5 1t 58. 63%,
fi& F Control 4 G, ] /5 [t 66.67% (1=11.760, P<
0.05). OE-ZEB1ZH S /i > 14.01% , 75 T Con-
trol 20 S 5k 10. 32% (1=7. 349, P<0.05). K 7G
7R, 5 Control HAH EE , Oe-ZEB1 4 MDM2 () mRNA
FkKF R (1=10. 640, P<0.05).
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Fig. 4 Verification of ZEBI overexpression efficiency in H322 cells

A: The fluorescent transfection image of overexpressed ZEBI in H322 cells

x200; Green light: GFP; B: The ZEBI protein expression levels in

H322 cells after transfection; C: The statistical chart of ZEB1 protein expression levels in H322 cells after transfection; D: The statistical chart of ZEBI

mRNA expression levels in cells after transfection; e: Control group; f: Oe-NC group; g: Oe-ZEBI group; “P<0. 05 vs Control group; *P<0. 05 vs Oe-

NC group.
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Fig. 5 The effects of ZEBI overexpression on the proliferation and apoptosis of H322 cells

A: CCK-8 assay results of H322 cells; B: Plate cloning experiment results of H322 cells; C: EdU staining was used to detect the proliferative ca-
pacity of H322 cells  x200; Blue light: Hoechst33342, Green light: Edu; High green light low blue light: proliferation cells; D: Hoechst 33258/P1
double staining apoptosis fluorescence images of H322 cells  X200; Blue light: Hoechst33258, Red light: Pl; High blue light low red light: apoptotic
cells; E: The statistical chart of plate cloning experiment results of H322 cells; F: The statistical chart of EDU staining assay results of H322 cells; G:
The statistical chart of Hoechst33258/PI double staining results of H322 cells;e: Control group; f: Oe-NC group; g: Oe-ZEBI1 group; "P<0. 05 vs Con-

trol group; *P<0. 05 vs Oe-NC group.
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Fig. 6 The effects of ZEBI overexpression on the migration and invasion of H322 cells

A Scratch test result of H322 cells x100; B: Transwell migration assay results of H322 cells x200; C: Transwell invasion assay results of

H322 cells %2003 D: The statistical chart of the migration rate of H322 cells by 24 hours cell scratch assay; E: The statistical chart of the migration

rate of H322 cells 48 hours after transfection detected by cell scratch assay; F: The statistical chart of Transwell migration assay results of H322 cells;

G: The statistical chart of Transwell invasion assay results of H322 cells; e: Control group; f: Oe-NC group; g: Oe-ZEB1 group; "P<0. 05 vs Control

group; “P<0. 05 vs Oe-NC group.
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Fig. 7 The effects of ZEBI overexpression on the expression of EMT and MDM2/mutp53/p21 pathway

A': E-cadherin and N-cadherin protein expression levels in H322 cells; B: The statistical chart of E-cadherin and N-cadherin protein expression lev-

els in H322 cells; C: MDM2, mutp53, p21 and Cyclin D1 protein expression levels in H322 cells; D: The statistical chart of MDM2, mutp53, p21 and

Cyclin DI protein expression levels in H322 cells; E: Flow cytometry was used to detect the cell cycle of H322 cells; F: The statistical chart of cell

cycle proportion in H322 cells; G: The statistical chart of MDM2 mRNA expression levels in H322 cells; e: Control group; f: Oe-NC group; g: Oe-

ZEB1 group; "P<0. 05 vs Control group; *P<0. 05 vs Oe-NC group.
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Mechanism of transcription factor ZEBI in the proliferation,

migration, and invasion of lung adenocarcinoma cells
Zhao Yun ', Ma Beibei ', Xing Huaxue', Huang Shaofeng', Zhang Zhongwei’, Ling Bo'
('School of Basic Medical Sciences , *School of Pharmacy , Youjiang Medical
University for Nationalities , Baise 533000)

Abstract Objective To investigate the effects of zinc finger E-box binding homeobox 1 (ZEBI) on the prolifera-
tion, migration, and invasion of lung adenocarcinoma H322 cells, as well as its underlying molecular mechanisms.
Methods The gene expression characteristics of the transcription factor ZEBI in lung adenocarcinoma were ana-
lyzed using data from the GEO and TCGA public databases. RT-qPCR and Western blot were employed to measure
mRNA and protein expression levels of ZEBI in lung adenocarcinoma cell lines (H322, A549, 95-D) and normal
human bronchial epithelial cells (BEAS-2B). Lentiviral transduction was utilized to establish stable ZEBI-overex-
pressing (Oe-ZEB1) and vector control (Oe-NC) H322 cell lines. Cell proliferation was assessed using CCK-8,
colony formation, and EdU assays, while apoptosis was evaluated by Hoechst33258/P1 double staining. Wound
healing and Transwell assays were performed to examine cell migration and invasion capabilities. Cell cycle distri-
bution was determined by flow cytometry, and Western blot was used to analyze protein expression changes in rel-
evant signaling pathways. Results The findings from GEO and TCGA indicated that ZEBI expression in lung ad-
enocarcinoma varied with tumor malignancy grade. RT-qPCR and Western blot analyses revealed significantly
higher ZEBI expression in lung adenocarcinoma cell lines compared to BEAS-2B cells (P<0.05). Results from
the CCK-8, colony formation, EAU, wound healing, and Transwell assays demonstrated that, compared with the
un-transfected control (Control) group, Oe-ZEB1 H322 cells exhibited enhanced proliferation, migration, and in-
vasion capabilities (P<0. 05). Hoechst33258/PI double staining and flow cytometry analyses showed that, relative
to the Control group, apoptosis was reduced in Oe-ZEB1 H322 cells (P<0.05). Additionally, a decreased propor-
tion of cells in the G, phase and an increased proportion in the S phase were observed in Oe-ZEBI cells, indicating
accelerated cell cycle progression. Western blot analysis further revealed that, compared with the Control group,
Oe-ZEB1 H322 cells exhibited upregulated expression of N-cadherin, mutant p53 (mutp53), and Cyclin D1 (P<
0.05) , while expression levels of E-cadherin, murine double minute 2 (MDM2) , and p21 were downregulated
(P<0.05). Conclusion Overexpression of ZEBI promotes the proliferation, migration, and invasion of lung ad-
enocarcinoma H322 cells and may facilitate cell cycle progression by modulating the MDM2/mutp53/p21 signaling
pathway, thereby promoting the transition of cells from the G,/G, phase to the S phase.
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