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Abstract: Objective To identify immunologically critical genes and immune cells that are differentially expressed dur-
ing the development of asthma and to explore the correlation between them. Methods The asthma-related datasets and
immune-related genes were downloaded from the Gene Expression Omnibus database ( GEO) and Import database,

respectively, and analyzed using R software to obtain differentially expressed immune-related genes ( DE-IRGs) in
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GSE76262. The interactions between DE-IRGs were clarified in the STRING database. Key DE-IRGs were screened
using the CytoHubba plugin in Cytoscape software and validated in GSE137268. Receiver operating characteristic
(ROC) curves were used to assess the potential of critical DE-IRGs as biomarkers. The single-sample gene set enrich-
ment analysis (sSGSEA) algorithm was used to examine the differential expression of 28 immune cells in asthmatic and
healthy individuals. Spearman correlation coefficients were used to evaluate the correlation between key immune genes
and immune cells. Results Seventeen DE-IRGs were identified in GSE76262, and CCL22, CCR7, IL1R2, IL18RI,
TNFAIP3, and VEGFA were identified as critical DE-IRGs in induced sputum from asthmatics with high diagnostic
value, as screened by the PPI network and validated in GSE137268. In addition, the results of ssGSEA suggested a sig-
nificant immune imbalance in asthmatics, with 11 types of immune cells significantly infiltrated in the induced sputum
of asthmatics compared to healthy individuals. Meanwhile, CCL22, CCR7, IL1R2, IL18R1, VEGFA, and TNFAIP3
were positively correlated with infiltrated immune cells. Conclusion CCL22, CCR7, ILIR2, IL18R1, VEGFA, and
TNFAIP3 serve as potential biomarkers of asthma and may modulate infiltration of immune cells in its pathogenesis.

Key words: Bronchial asthma; Immune-related genes; Biomarkers; Immune infiltration
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1 GSE76262 1 DE-IRGs

A:GSE76262 ' DEGs [W#4[&] ;B GSE76262 1 DEGs [k 111 [&] ; C: GSE76262 "' DEGs -5 Import £4 22 1 Gt 88 A0 X SE Y

i
Figure | DE-IRGs in GSE76262

A: Heatmap of DEGs in GSE76262; B: Volcano plot of DEGs in GSE76262; C. Intersection of DEGs in GSE76262

with immune-related genes in the Import database.

2.2 DE-IRGs #j GO #1 KEGG E&E N #1
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TR RE 2 8 7 b MF B & 55 45 B B 2 40 i I
FZ ARGV | BB Z ARG A NAD (P) + 4% i i
PESE; CC T2 5 A0 T EAMI | i S = AR A 77
FPESE . KEGG &5 H1% W] DE-IRGs F %25
YA -4 R T2 AR B R 7 A S A
P A 2 AR AR S, gk 1 3 2,

1 SO D 22 S RIB I SR DL Y GO BT
Table 1 GO enrichment analysis of differentially expressed immune-related genes in bronchial asthma
GO 7+K# GO %ifi4 GO K H A R P
BP 0019221 AR A TR S 11 2.52x107"
BP 0097529 HRE A T 7% 5 1.18x10°°
BP 0032103 XA SRS 14 1 [ 4] 6 1.36x10°°
BP 0002825 Th1 RGeS 7 (¥ 4 3 1.79x107°
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GO 732544 GO %ifi% GO 2 H#AFx LR P
BP 0001819 2 76 PR 5 A 19 1 [ 9 6 2.28x10°°
MF 0004896 2t PR 32 A 7 1.71x107"?
MF 0140375 IR AR 1 7 2.86x107"
MF 0050135 NAD( P) + 1% fifg v v 4 9.07x107"
MF 0061809 NAD+Z PR , ¥k ADP AZHH ) 7= 4 9.07x107"
MF 0019955 MR T4 G 6 1.95x107°
cC 0009897 SO A1 4 4.00x107*
cC 0005581 BIEEH=RY 2 2.50x107°
cC 0030666 VA A 3 I 2 1.20x107°

2 SCUEE 22 SRR I R G N KEGG & 40 i

Table 2 KEGG enrichment analysis of differentially expressed immune-related genes in bronchial asthma

Sl e e i AR Eraisk P

hsa04060 A0 i PR T — 40 B X 2 AR AR 9 3.93x107"°
hsa04061 o A 11 -5 20 0 R S A R 2 AR 1 R R 5 6.87x107"
hsa05418 WARBT YN 15 sl ko i Ak 1.90x107°

2.3 DE-IRGs K PPI M B & RS0k

ERHIFE

1E STRING H 43 #7 [ i& DE-IRGs 2 [R] 4 #H £
e Z, MJE R R4S 5 H Cytoscape 1] #i 1k
(1 2A) , 3T MCODE i /8518 — A~ HA 12 4
T 59 41, 1550 N 10,727 By 56 A AR B (]
2B) . [Almf, ] CytoHubba H'#Y MCC .MNC .EPC
F1 DMNC PUFf 53k 43 53] 3R U 6 2 1 10 A4~ 5
S0 LA A AR AT 0 R PR AR S B R 1A (&
2C), 1 4E C-C H )y #a b A B ik 22 (C-C motif
chemokine ligand 22, CCL22) ,C-C % ¥ #1k A+

2 DE-IRGs [ PPI % %% 01 56 5L R A 07 1k

ZAK 7(C-C motif chemokine receptor 7, CCR7) . [
% 1 2 1K 2 (interleukin-1 receptor type 2,
ILIR2) . 14+ % 18 31K 1 (interleukin-18 receptor
type 1, IL18R1) (148 N 24 K A A(vascular en-
dothelial growth factor A, VEGFA) JiJ&i YR 3E A+
o 75 S8 H 3 (tumour necrosis factor alpha-induced
protein 3, TNFAIP3) . i %i fiff B ( granzyme B,
GZMB) /% 1 524K 1 (interleukin-1 receptor type
1, ILIR1) A4 & 1 ZFE T 1 (interleukin 1 re-
ceptor-like molecule 1, ILIRL1) , H:Z& k2= 5 qnE 3
Fis

A .DE-IRGs i) PPI (%% ; B . DE-IRGs H 1) &AL ; C . 55T MCC . MNC .EPC il DMNC PUFP 75 5 15 1Y S L (A

Figure 2 PPI network of DE-IRGs and screening of key genes

A PPI network of DE-IRGs; B: Key modules of DE-IRGs; C: Key genes screened based on the four algorithms of

MCC, MNC, EPC and DMNC.
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Figure 3 Comparison of CCL22, CCR7, IL1IR2, IL18R1, VEGFA, TNFAIP3, GZMB, ILIR1, and ILIRLI1 expression levels

between asthmatics and controls in GSE76262
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Figure 4 Comparison of CCL22, CCR7, ILIR2, IL18R1, VEGFA, and TNFAIP3 expression levels between asthma patients and
controls in GSE137268
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Figure 5 ROC curve (A), nomogram (B) and the combined diagnostic value (C) of asthma based on the expressions of CCL22,
CCR7, ILIR2, IL18RI1, TNFAIP3, and VEGFA in GSE76262
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IR B FN 2R IREAL (B ) FIHK 5 12 Wik i O A EL(C)

Figure 6 ROC curve (A), nomogram (B) and the combined diagnostic value (C) of asthma based on the expressions of CCL22,
CCR7, IL1R2, IL18R1, TNFAIP3, and VEGFA in GSE137268
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sSGSEA B 7n B iy (8 H 5 R A (e 11 F
B I 20 IR 1S 0, A4 T PR 1 R 4 i ( P<0.001 ) |
NER A ( P<0.001) FRAZAMI(P=0.011) (E W&l
ML(P=0.003) i1k B 4liffl(P=0.004) ik CD4 T
il (P<0.001) .MDSC( P<0.001) ¥4 T 41 i
(P=0.019) . Th17 404 (P =0.013) . F X 12 P
CD4 T 40fifs (P=0.037) & ic 2P CD8 T 41 il
(P=0.004) , Al FH AR R 4008 (P=0.005) .vOT 4
JL(P<0.001) A B2 SR A0 (P =0.047 ) B ik

26 XERRERSRZMMAMERESSH

Kk #9558 JE ] CCL22 ,CCR7 . IL1R2 | IL18R1 .
VEGFA \TNFAIP3 ¥ 5 gk 40 FRAZ A B
WA AR K 4B 5k B 4 MDSC 355 1E T 40
Ml Th17 408 3% 4k CD4 T 4 &% i 127 CD8
T 40 B () & 3= 2 IE A e, A B, ILIR2,
IL18R1 ,VEGFA  TNFAIP3 5 H A A5 41 . vST 41
JL AR B RS 28O0k 41 i 2= A O, $E R CCL22,
CCR7 IL1R2 IL18R1 VEGFA ' TNFAIP3 A fE7F 1%
Wi i e AR A B A5 T EEAEA . WIE T,

F 3 W A S R ] 28 T S 20 M Y 2 15 4
Table 3 Infiltration scores of 28 immune cells between asthmatics and healthy individuals
B I A L 2 TR R I Iy S5 25 P
Activated B cell 0.212(0.185~0.247) 0.268(0.202~0.314) 0.004
Activated CD4 T cell 0.419+0.015 0.467+0.005 <0.001
Activated CD8 T cell 0.470(0.454~0.487) 0.471(0.436~0.526) 0.831
Activated dendritic cell 0.779+0.006 0.785+0.002 0.286
CD56bright natural killer cell 0.517+0.004 0.508+0.002 0.128
CD56dim natural killer cell 0.515+0.005 0.527+0.003 0.105
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