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GSE76262, 511% 1 R #14 Jh it B /289 £ 7+ & 1A NRGs, 3 £ %k ik#) NRGs #47& & H-Fa LA EAER (pro-
tein-protein interaction, PPI) 547 B A4kt (gene ontology, GO) ‘& &4 w4 A A 5 A WA F 44+ (Kyoto
encyclopedia of genes and genomes, KEGG) i ¥ &£ 547, it sl 4 A= 8 F-F (least absolute shrink-
age and selection operator, LASSO) iZ 4 = )2 F= 3 4 &) 2 HLi% V2 45 4275 1% (support vector machine-recursive feature
elimination, SVM-RFE) H %447 Lifl#9 NRGs, 2 Rl 4F4EIK B AL# E A HE G5 BiAR &4, St 44 X E 4 e
(receiver operator characteristic, ROC) £ vA IS iE 9 W7 2 4k . GSE137268 #t — ¥ Ik Jf b b w45 2 L B v R iA
H L fe 4 i 2 fe, 2 A A& T A Fm T A de e i 38 45 4R 2L B R 3£ 49 % ) RNAs (microRNAs, miRNAs)
R 8% R EH A0 21 LRI F ATk 33 AN £ SRk 69 NRGs(13 A LA 20 AT ifl) . PPI 4
RIT 20 AN EFE LM NRGs A A, GO #2 KEGG & £ 4 # £ & NRGs 5 $ Mz 588 #H & et
L 1= e S %A A8 X . LASSO #» SVM-RFE ffiitt th 7 AN Lifle9 NRGs 7T 4E ik £ 6995 i A B, 3L ROC wy £%
R FEEZOL B R W& T @R (area under the curve, AUC) & T 0.7, % GSE137268 &4k 7 MNMFEE A 5
Y %2R 09 F kA H AR (AUC>0.65) , 7R hsa-miR-138-5p  hsa-miR-200b-3p #F= hsa-miR-30e-5p = 4% 2% vt & &
NRGs #) & i&, # +#  BIRC3, HIFIA FLOTI1,NLRP3 RIPK2, GBEl #= PELIl *# % °% &9 #% & £ ¥ 47 & 4,
Hsa-miR-138-5p . hsa-miR-200b-3p #= hsa-miR-30e-5p %2 HIFIA RIPK2 #= PELI1 #) L 3#38% B F
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Abstract: Objective To identificate and validate of potential necroptosis-related genes ( NRGs) in asthma through
bioinformatics analysis. Methods The Gene Expression Omnibus ( GEO) database provided the gene expression pro-

file dataset GSE76262, and R software was used to screen for potential differentially expressed NRGs. Protein-protein
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interactions ( PPI) analysis, gene ontology ( GO) enrichment analysis, and Kyoto encyclopedia of genes and genomes
(KEGG) pathway enrichment analysis were performed on the differentially expressed NRGs. The up-regulated NRGs
were analyzed by least absolute shrinkage and selection operator ( LASSO) logistic regression and support vector
machine-recursive feature elimination ( SVM-RFE) algorithms. Common signature genes were identified as potential
diagnostic markers, and receiver operator characteristic (ROC) curves were drawn to verify their diagnostic efficacy.
The expression and diagnostic efficacy of the screened signature genes were further confirmed by GSE137268. Online
tools were used to predict microRNAs ( miRNAs) that can target and regulate the expression of signature genes.
Results Thirty-three differentially expressed NRGs ( 13 up-regulated and 20 down-regulated) were identified in 118
asthma patients and 21 healthy controls. The PPI results indicated that 20 differentially expressed NRGs interacting. GO
and KEGG enrichment analyses revealed enrichment items related to multiple signaling pathways, lymphocyte activa-
tion, apoptosis, and immune regulation. LASSO and SVM-RFE showed that seven up-regulated NRGs could be poten-
tial diagnosis genes. The ROC curves showed high diagnostic efficiency with the area under the curve (AUC) higher
than 0.7. GSE137268 verified that seven signature genes showed the same expression trend as the training set ( AUC>
0.65). Hsa-miR-138-5p, hsa-miR-200b-3p and hsa-miR-30e-5p were predicted to regulate the expression of necroptosis
genes in asthmatic patients. Conclusion BIRC3, HIF1A, FLOT1, NLRP3, RIPK2, GBEI and PELII can serve as
potential biomarkers for asthma. Hsa-miR-138-5p, hsa-miR-200b-3p and hsa-miR-30e-5p are upstream regulators of
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HIF1A, RIPK2 and PELI1, respectively.
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KB 2A) AR (1B 2B) 23, Hip Rk B3 b
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Table 1 The 33 differentially expressed NRGs in asthma samples compared to healthy samples
HH log, FC ZREER P 0
TNFAIP3 1.070 678 i 5.11x107° 2.05x107°
NLRP3 1.069 095 i 6.51x107 2.09x1073
BIRC3 1.006 980 i 5.26x107° 8.08x107*
PELII 1.006 188 i 2.50x107° 1.50x107°
TNIP1 0.734 968 i 6.16x107* 6.30x107°
FLOT1 0.729 068 S| 1.13x10°° 9.07x10™*
SLC25A37 0.709 180 i 4.07x107° 1.78x107
CCL2 0.691 406 i 1.40x1072 4.27x107
HIF1A 0.661 928 S| 7.17x10°° 8.08x10™*
NFKBIA 0.634 767 i 2.81x107 4.82x107°
TUBA4A 0.628 316 A 4.75x107* 6.01x107°
GBE1 0.609 018 i 9.85x107° 3.38x107?
RIPK2 0.590 607 iR 2.04x107* 4.27x107
CARD6 -0.593 34 T 2.03x107° 1.27x107
CRTAM -0.604 12 T 6.72x107° 2.54x107*
DAPK1 -0.606 45 T 7.56x107* 6.93x107°
RBMX -0.608 95 T 6.36x107° 2.09x107?
RPS27L -0.610 66 T 3.22x107° 1.54x107
CCT6A -0.612 95 T 3.22x107* 4.82x107°
SRP14 -0.62122 T 2.92x107° 1.50x107°
YWHAG -0.634 87 T 3.10x10™* 4.82x107*
PDCD6IP -0.638 24 T 2.38x107* 4.62x107°
NRIP1 -0.639 64 T 2.05x107° 1.27x107
CD74 -0.64122 T 3.03x10™* 4.82x107°
PYCARD -0.663 69 T 4.99x107° 2.05x107°
GLTP -0.676 30 T 1.67x107° 4.70x107*
DYNLLI -0.683 64 T 2.57x107* 4.82x107°
PRDX1 -0.72275 T 2.71x107* 4.82x107°
NDUFA4 -0.753 07 T 6.69x107° 2.09x107°
AXL -0.820 12 T 7.08x107* 6.93x107°
TNFSF12 -0.841 52 T 2.71x107° 1.50x107°
TRPC6 -0.922 77 T 1.01x107° 9.07x10™*
MYO6 -0.980 31 T 3.30x107" 1.86x107*




T, A AT AL ) SR S W M A DR SENE U T A S LE s 76 W) 25

A
o)
312 P =
r
o
(=) @1‘
=) Gl
Lo SR
2 2t e o oy Tz X

e o8
PR

o
R
S
(2
B

(=
:?:-' ;
K e
T

log,F"C

P2 W 2E R RS R 2H b 22 57 325K 1) NRGs

] | | ]
I | IlI | GLTP
L TNFSF12
I I I I I | PYCARD B
1 I I JCARDG
. l || I RBMX 2
: CRTAM 2
= AXL
TNFARPS CD74 0
MYO6
DAPKI 2
. @@ NRIPI
n - &= 'E% (&3 ! ppcpeip M-
o &= o N RPS27L
e s L0 . N NDUFA4
.
Vo e o LiH YWHAG
Lo’ . @ CCT6A
ooge . PRDX1
L 25 Y DYNLLI

LR 2R
il W I TRPCG

q (XS 2]
| )

e ——

GBE1
5L(,25A37
LIl

TUBA4A
RP3

CCLZ
BIRC}
RIPK2

I
TNIPI
| NFKBIA
| JTNFAIP3
| HIFIA
| IFLOTI

}J- i .IZI Ir

A ZESERIKNI NRGs K1 B33 22573815 NRGs [FAIA]
Figure2 Differentially expressed NRGs in asthma and healthy samples
A: Volcano plot of differentially expressed NRGs; B: Heatmap of 33 differentially expressed NRGs.
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Figure 3 PPI analysis of 33 differentially expressed NRGs

A PPI of differentially expressed NRGs; B:The number of interactions for each differentially expressed NRGs.
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Figure 4 GO (A) and KEGG (B) enrichment analysis results of 33 differentially expressed NRGs
The ordinate is the name of the function or pathway, the abscissa is the ratio of genes, the size of the circle represents the
number of genes enriched in each function or pathway, and the circles’ color represents the significance of the enrichment.
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Figure 5 Screening of disease diagnostic markers
A: LASSO regression yielded 7 signature genes; B: SVM-RFE yielded 13 signature genes; C: Venn diagram showed 7
common signature genes obtained by the two algorithms; D: ROC curve showed the diagnostic efficiency of 7 intersection
genes in the training set.
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Figure 6 Validation of disease diagnostic markers
A . Differential expression of 7 signature genes in the validation set; B:ROC curves of 7 signature genes.
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