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Identification of potential key autophagy- and ferroptosis-related genes

in asthma based on bioinformatics analysis
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Abstract: Objective  To identify the common asthma genes involved in autophagy and ferroptosis processes using
bioinformatics analysis methods. Methods The asthma-related GSE74986 dataset were obtained from the Gene Expre-
ssion Omnibus (GEO) database and analyzed using the GEO2R web tool. The differentially expressed genes ( DEGs)

were screened by setting the criteria of |log, FC| = 1 and a corrected P-value <0.05. Ferroptosis- and autophagy-related
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DEGs were intersected with Venn diagrams. Hub genes were further identified with functional and pathway enrichment
analysis, protein-protein interaction network analysis, and algorithms in Cytoscape software, followed by the
construction of a transcription factor-miRNA-hub gene interaction network. Hub genes were subjected to immune cell in-
filtration analysis in asthmatic patients. In addition, the diagnostic value of hub genes was assessed with receiver opera-
ting characteristic (ROC) curves analyses. Animal experiments were conducted to validate hub genes. Results A total
of 105 autophagy-related DEGs and 37 ferroptosis-related DEGs were identified, which were involved in autophagy-
animal, PI3K-Akt pathway, ferroptosis, and PPAR pathway. Ten hub genes were yielded, including HSPAS, NPM1,
HNRNPA2B1, HNRNPA1, HSPAS5, EEF1Al1, G3BPl1, TFRC, GABARAPL1, and XBP1 targeting a total of 61
miRNAs and 17 TFs. Immune cell infiltration analysis showed that these hub genes were closely related to macrophages
MO, activated NK cells, and macrophages M1. ROC curve analyses indicated the high diagnostic value of the hub genes
for asthma. Animal experiments confirmed that the protein expression levels of HSPA8, NPM1, HNRNPA2BI1,

HNRNPAI1, and HSPAS in the lung tissue of the model group were significantly lower than those in the normal group.

Conclusion

The screened hub genes, including HSPAS, NPM1, HNRNPA2B1, HNRNPAl1, HSPAS5, EEF1A1l,

G3BP1, TFRC, GABARAPL1, and XBP1, may be potential therapeutic targets for asthma.
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Figure 1 Flowchart of the study
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DEGs) iRl
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SPF ¢ fit R i 4 SD K EL 6 H, & it & 180 ~
220 g, AL T RAEDEAR R A RA R, A7
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LR B2 K 2 5 — M s B S0 s W b
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SRR A 3 H il SO S ORI B ST
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60 min) ¥ H [1% PVDF i, JEZ 5% B2 6t
M1 h 5,4 CTHEE —PLd R . HSPAS (1:2 000, bioss,
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GAPDH (1 :5 000, Zsbio, 240040922 ) , HNRNPA2B1
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score KT 17 Mk 551, 15 634 AL T-AH G
] 5 DA MSigDB i FE3A 66 MMERFETAHSCHEA
TF FerrDB V2 %44 J% v, F 2% Driver ., Suppressor #ll
Marker = > # 4 19 & & 3| 3, testin H & #F
“human” ,confidence £#% “ validated” #1772 , 15
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Figure 2 Identification of DEGs in GSE74986 dataset
A: Boxplot of samples in GSE74986 dataset before calibration; B: Boxplot of samples in GSE74986 dataset after calibra-
tion; C: Volcano plot; D: Venn diagram of autophagy-related genes and DEGs from GSE74986; E. Venn diagram of
ferroptosis-related genes and DEGs from GSE74986.

2.2 BMEHEX DEGs B &S

R 105 4~ 5 A BEAHCH) DEGs, Hirf 8 4~
97 AT, FEEY S BARE A L
RPN E LV OO N Y M i VA= i e
FLNE A o 2 A I 20 L A VRV R VA AR
JEE 2 BB RORN B AR S . R ECE R4 T hE
WSRO G GTP MEtE 2 B E N &R
st & D R S RS 655 . KEGG & 004
WIR, HWEHIOC DEGs 35 5 8] A W 8 fnsh
177 2 <11 5 o o ) T R £ = = 5 1 1
PI3K-Akt {5518 % Fll NOD FEAZ K5 5@ g4, W
3,

2.3 SKIET-1HX DEGs EE SN

LU 37 AN SRR T-H G DEGs, Horfr 3
A BV 34 4N F I, GO & EM A Pyad B L6 X
FRATB SN X 240 &7 34 o 7 20 i 475 o)
PRI L LA BRI S 45 A i, 2
Y Ao S AN 2 AP SN 20 i R 2
A TR A RER Y R E LN T U REAL TS
miRNA Z54 75 P RNA 454 Tat & 1454 F4E
A DUIE TR G A E R IE TESE . KEGG & %30
FPRIE T PPAR {5538 % | B 7 iR A3, P9 J5 )
YR BTN T BB I R A= - R R D7 248 Jf DR 1
SHKE, WK 4,



e s SURSRENY N e N N
TR, 55 T A W05 525 00 BT 6 W P A 1) SR 1 W R R P T DGR ] 79
A B 'J
Establishment of protein localization to organelle - Amyotrophic lateral sclerosis-
Viral process - [
Regulation of autophagy - ® |, Pathways of neurodegeneration-multiple diseases- @
Macroautophagy [ =
Cellular response to nutrient levels o Salmonella infection+ ®
Cellular response to extracellular stimulus - [ ] . . P»(zn
P, Lipid and atherosclerosis ® 0.020
Vacuolar membrane 4 1 0x10 0.015
H i 7.5%x10°° . 0.010
Lytic vacuole membrane o 50x10 Autophagy-animal- ® 2 0,005
Lysosomal membrane - o & 2.5%10° =
Endocytic vesicle ® N - PI3K-Akt signaling pathway| @ < BN
Autophagosome - ©10.0 o 12
Cytoplasmic stress granule -{» 8 :g (5] Pathogenic Escherichia coli infection{ @ 8 }‘é
Cadherin binding . N . .
Guany ribonucleoide binding ® Protein processing in endoplasmic reticulum{ @
uanyl ribonuc! 7
Guanyl nucleotide binding (] = Apoptosis]
GTP binding ® |
GTPase activity - ® NOD-like receptor signaling{«
Ubiquitin-like protein ligase binding - [ J
0.075 0.100 0.125 0150 0.125 0.150 0.175
BER BER A
¢ s -2.5 b - 2.75
' 30 h -3.00
90‘9005116 00045205 I =33 \\sa"MS\ *204140 325
® 0, -4.0 B
'5"& ® ** &.@. © ~ooo€ 8, e V8o ’5m 3:30
Sis O\ log, FC log, FC
© " Q o i o [
8 )
s 8 &% \\ |
O : g
] NEE 2 )
N 9 [} & g
ole - R
1N Q) // H g
2 &l §
o) o
3 0,\ ° &q,
G e & oS
Qba) .Q..e °° ; 4 &Q
gy, e Y
- 55
G0,001900 604_000

K3 [WAEX: DEGs MYIRE S S5 0T

A: H WA DEGs i GO 545K ; B: HIWEM S DEGs I KEGG B HESIMIEl; C. A WA DEGs 19 GO &4 18 &

(455

log,FC) ; D: A MEHH 5 DEGs i KEGG & 2 18 18] (454 log,FC) .

Figure 3  Functional enrichment analysis of autophagy-related DEGs

A: Bubble maps of GO enrichment analysis of autophagy-related DEGs;

B: Bubble maps of KEGG enrichment analysis

of autophagy-related DEGs; C: Circos maps of GO enrichment analysis of autophagy-related DEGs ( incorporating
log,FC) ; D Circos maps of KEGG enrichment analysis of autophagy-related DEGs ( incorporating log,FC).
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Figure 5 Expression and functional enrichment analysis of candidate genes

A: Venn diagram of ferroptosis- and autophagy-related DEGs;

candidate genes;

B: Network diagram of GO and KEGG analyses of the

C. Heatmap of candidate genes in GSE74986 dataset. Upregulated and downregulated genes were

marked in red and blue, respectively; D Scatterplot of candidate gene expression in GSE74986 dataset; E: Violin plot

of candidate gene expression in GSE74986 dataset.
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Figure 6 PPI networks of candidate genes and interaction networks of hub genes with miRNAs and TFs
A PPI network for candidate genes based on the STRING database; B: PPI network of 10 hub genes identified by the
MCC algorithm. A darker red color indicated a higher degree of prediction accuracy, ranging from blue to red; C. Net-
work of interactions between hub genes and targeted miRNAs. Red represented hubgenes and blue represented miRNAs;
D Interaction network of TFs and hub genes. Red represented hub genes and blue represented TFs.
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Figure 7 Immune cell infiltration analysis in GSE74986 dataset
A Correlation analysis of immune cells in the asthma group in GSE74986 dataset; B: The association between 10 hub
genes and 22 types of immune-infiltrating cells.
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Figure 8 ROC curves of 10 hub genes in GSE74986 dataset
A ROC curves for HSPA8 and NPM1 genes; B: ROC curves for HNRNPA2B1 and HNRNPA1 genes; C: ROC curve for
HSPAS gene; D: ROC curve for EEF1A1 gene; E: ROC curves for G3BP1 and TFRC genes; F: ROC curves for
GABARAPL] and XBP1.
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Figure 9 Pathological changes and core target protein expression levels in lung tissues of each group

A Pathological changes of lung tissues of rats in normal group (HE staining, x400) ; B Pathological changes of lung
tissues of rats in model group (HE staining, x400) ; C. Representative protein banding plots of HNRNPA2B1, HNRN-
PA1, HSPAS, HSPAS, and NPMI in lung tissues of each group; D: Bar charts for quantitative analyses of HNRN-
PA2B1, HNRNPA1, HSPA5, HSPAS, and NPMI1 proteins in lung tissues of each group. “*P<0.01, "*"P<0.001.
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