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Abstract: To screen and analyze key genes by bioinformatics techniques to investigate the pathological me—
chanisms of acute asthma attack in children, the gene expression dataset (GSE103166) associated with acute
asthma attack in children was downloaded from the GEO database. The differentially expressed genes (DEGs)
between children with acute asthma attack and healthy children were screened using the R package tool,
and GO analysis of DEG lists and annotation results from the KEGG were obtained using DAVID (version
6.8), which were analyzed by STRING (version 11.0). Cytoscape and its plug—in MCODE were used to construct
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protein interaction networks and identify key genes. The results showed that a total of 78 DEGs were identi—
fied, including 49 up-regulated and 29 down-regulated genes, which were mainly enriched in biological
processes such as nucleocytoplasmic transport and immune system process regulation, cellular components
such as nuclear nucleosome and DNA packaging complex, and molecular functions such as Rho GTPase
binding and ionotropic glutamate receptor binding. KEGG pathway was enriched in systemic lupus erythe—
matosus and asthma signaling pathway. Among these DEGs, a gene module was screened out, which was
mainly enriched in biological processes such as interferon—gamma—mediated signaling pathway, antigen pro—
cessing and presentation of exogenous peptide antigen via MHC class I, antigen processing and presenta—
tion of peptide antigen via MHC class II, cellular components such as MHC class II protein complex, lumenal
side of endoplasmic reticulum membrane, integral component of lumenal side of endoplasmic reticulum
membrane, and molecular functions such as MHC class Il receptor activity, peptide antigen binding, trans—
membrane signaling receptor activity. The KEGG pathway was mainly enriched in asthma, graft-versus—host
disease, and allograft rejection pathways. The gene module contains five key genes, including HLA -DPB1,
HLA-DQB1, HLA-DQB2, MT2A and KIF11. The above results showed that DEGs and key genes contribute
to a better understanding of the pathological mechanisms of children with acute asthma attack. As the corre—
lation of the three key genes HLA-DPB1, HLA-DQB1, and HLA-D(QB2 with the disease has been validated
by other studies, the two unconfirmed key genes MT2A and KIF11 may be used as new targets for studying
acute asthma attack in children.
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Table 1 DEGs between children with acute asthma attack and the control group

DEGs

Gene name

Up-regulated

GMNC, CD177, SLC26A2, CD163, IFI6, IL18R1, MT2A, VTRNA2-1, SCNN1G, FKBPS, HISTI1H2BH,

CTTNBP2, SNORD18C, SLC7A1, GUCY1B3, PXDN, PLA2G4A, MIR614, RPL23A, ARG2, CIT, TMTC1,
TP5313, DDX10, HIST1H2BD, B3GNT6, TUBD1, NETO2, ZNF608, ARIDSB, ANOS1, TPRG1-AS1,
HIST1H2BK, DNA JC12, ZBTB38, ECT2, C90rf84, KIF11, ACSL3, PTPN14, HDC, PDEADIP, LOC344887,
WASF1, NEDD4, STOM, TMEM184C, LOC101927668, ZNF562

Down-regulated

DEFB4A, GSTA2, FCER1A, LOC643802, FAM101B, MPEG1, LINC01032, LOC254896, BHLHE41,

AMPD2, KLRB1, P2RY10, TGM3, DAPK2, HLA-DQB1, NOV, CAT, CTNNAL1, RPS6KAS, OGFRLI,
L0OC728392, HVCN1, HLA-DPB1, DGKG, HIC1, CD207, HLA-DQB2, DPEP3, LRR(C43

i BIRAA R E IR HOARBNEER, TRAR MR DB] XHE A

Notes: Up-regulated genes are sorted by the fold change from largest to smallest, and down-regulated genes are sorted from

smallest to largest.
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Fig.1 Volcano plot of DEGs in children with acute asthma attack compared with the control group

The horizontal dashed line indicates the threshold for correction P=0.05, the vertical dashed line represents the threshold of
log,F'C=-0.5 and the threshold of log,FC=0.5. The genes labeled in the figure are the top 10 DEGs in terms of corrected P value.
Among them, FCERIA can play a central role in stress disorders and is significantly associated with childhood asthma!;
OGFRL1 is an important paralog of OGFR, which is closely related to signaling pathways such as nuclear factor-«B (NF-«B); CAT
is primarily associated with oxidative stress processes'™; CD207 is primarily associated with innate immune system pathways; and
BHLHE41 has been shown to be a regulator of T—cell activation!). RPS6KA5 can function in the regulation of inflammatory
genes!'®; ARID35B is an important determinant in the susceptibility and therapeutic outcome of childhood acute lymphoblastic
leukemia”; A CSL3 plays a key role in lipid biosynthesis and fatty acid degradation™; GMNC promotes the initiation of chromosomal
DNA replication in multicellular organisms; GUCY1B3 inhibits multiple subunits of signaling, and is closely related to oxidative

stress!'”.
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Fig.2 Heatmap of the top 20 DEGs according to FC ranking

At the bottom of the figure are the samples of children with acute asthma attack and healthy children. On the right side are the
top 20 up-regulated genes and the top 20 down-regulated genes sorted according to the fold change. The gradient bar on the far
right side indicates that the gene expression value has been standardized. Red indicates high expression, and blue indicates low

expression.
% 2 DEGs i GO I)4E%1 KEGG BB EEST
Table 2 Functional and pathway enrichment analyses of DEGs

Tendency Category Term Count P value
Up-regulated BP GO: 0046822~regulation of nucleocytoplasmic transport 4 0.012 68
BP GO: 0032386~regulation of intracellular transport 5 0.021 99

BP GO: 0032388~positive regulation of intracellular transport 4 0.027 67

CC GO: 0000788~nuclear nucleosome 3 0.004 72

CC GO: 0000786~nucleosome 3 0.025 86

CC GO: 0044815~DNA packaging complex 3 0.028 61

MF GO: 0017048~Rho GTPase binding 3 0.014 83

MF GO: 0035255~ionotropic glutamate receptor binding 2 0.047 75

MF GO: 0046983 ~protein dimerization activity 7 0.049 20

KEGG hsa05322: Systemic lupus erythematosus 3 0.042 31
Down-regulated BP GO: 0048584~positive regulation of response to stimulus 10 2.78E-04
BP GO: 0002682~regulation of immune system process 8 7.75E-04
BP GO: 0002478~antigen processing and presentation of exogenous peptide antigen 4 9.13E-04

CC GO: 0030669~clathrin—coated endocytic vesicle membrane 4 2.52E-05

CC GO: 0045334~clathrin—coated endocytic vesicle 4 5.56E-05
CC GO: 0030665~clathrin—coated vesicle membrane 4 1.07E-04
MF GO: 0032395~MHC class II receptor activity 3 1.82E-04

MF GO: 0060089~molecular transducer activity 7 0.020 94

MF GO: 0004872~receptor activity 7 0.020 94

KEGG hsa05310: Asthma 3 0.001 18
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Fig.3 GO and KEGG enrichment analyses of DEGs

The x—axis represents the enriched terms, and the corresponding P value of each entry is represented by a blue broken line.

GSTA2

ZNF608

BIB38 ()

HISTIH2BH

- HDC

CD207

MEM184C CD177

-/

El 4 DEGs i PPI W&

FATERREAAN RO RGN, EHET LNARKEORZAG IR R, T EEAMSREL TAX ZME D,
Fig.4 PPI network of DEGs

Each node represents the protein corresponding to each gene, and the edge connecting each node represents the interaction be—

tween proteins. The more edges the nodes are connected with, the closer the interactions between them are.
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Fig.5 The most significant gene module from the PPI
network

Orange represents up —regulated genes, and blue represents
down-regulated genes.
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Table 3 Functional and pathway enrichment analyses of gene module

Category Term Count P value Genes
BP GO: 0060333 ~interferon—gamma-mediated 4 4.26E-07 HLA-DQB1, HLA-D(QB2,
signaling pathway MT2A, HLA-DPB1
BP GO: 0019886~antigen processing and presentation of 4 6.50E-07 HLA-DQB1, HLA-DQB2,
exogenous peptide antigen via MHC class Il KIF11, HLA-DPB1
BP GO: 0002495~antigen processing and presentation of 4 7.40E-07 HLA-DQB1, HLA-DQB2,
peptide antigen via MHC class Il KIF11, HLA-DPB1
CC GO: 0042613~MHC class I protein complex 3 1.31E-05 HLA-DQB1, HLA-DQB2, HLA-DPB]1
CC GO: 0098553 ~lumenal side of endoplasmic reticulum membrane 3 2.30E-05 HLA-DQBI1, HLA-DQB2, HLA-DPB]1
CC GO: 0071556~integral component of lumenal side of 3 2.30E-05 HLA-DQBI1, HLA-D(QB2,
endoplasmic reticulum membrane HLA-DPB1
MF GO: 0032395~MHC class Il receptor activity 3 5.25E-06 HLA-DQBI1, HLA-DQB2, HLA-DPB]1
MF GO: 0042605~peptide antigen binding 2 0.007 21 HLA-DQB1, HLA-DPBI1
MF GO: 0004888~transmembrane signaling receptor activity 3 0.038 20  HLA-DQBI1, HLA-DQB2, HLA-DPB]1
KEGG hsa05310: Asthma 2 0.008 70 HLA-DQB1, HLA-DPB1
KEGG hsa05332: Graft—versus—host disease 2 0.009 57  HLA-DQBI1, HLA-DPBI1
KEGG hsa05330: Allograft rejection 2 0.010 72 HLA-DQB1, HLA-DPB1
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HLA-DQB1 fl HLA-DQB2 J& HLA 11 2843¥
DQ XA, KT HLA-DQB1 5 )L EEREm i
5%, BHETCA Sl E0 b E G — 5T
FH, HLA-DQB1%0201 5 B2 5 1EAH S, HLA -
DQB1*0301 S5V IR 52N 7RI, Mishra 555
BEXT 103 24 3B W ) LA 152 4R A RF
FEER B IR, HLA-DQB1+03 F HLA-DQB1%02:01
S FEIR S IR AT {25 1Y IEAH JEPE . Movahedi 2534
W W, e 8B L P, HLA -DQB1*#0603 £l
0604 5537 e A 7K ~F- 58 25 1 T 1E % B ZH L 28,
il HLA-DQB1+0501 F1 0602 ft 7K - 0] BH &A% F

IEE T REA LEE . TR ds i, RTErXT HLA -
DQB2 55 L7 B Wi A 93 18 R A 1) B AH G
XA[GEY HLA-DQB1 F1 HLA-DQB2 H_A1% I
HEZRFEY, RFEBE—RA X

H T HLA [0 A S e 024 5 9815 T
FEAEH, # HLA-DPB1 . HLA-DQB1 L\ }2 HLA-
DQB2 54 b 2B B IR DG, HEW H AT g 2 38 o
B TR LA B g M A A S
322 X4HLAW MT2A 5 KIF11

B 2A (metallothionein 2A, MT2A)J&
LB FAZRII D o RS E BT SR
RIPER, JHE 48 g RIEH. 24
ik, XFF MT2A4 WA E 25 IR T, AR
A2 HE R 5 LB 0 Wi a8 N 27 i R G B A 5 i
#, R SCEbR R, FRATA I MT2A 87 AT L
L DU s LR R A R 1) ik
WSO o AHOCAH SR s, it A AP B (myelo—
peroxidase, MPO)FH 3% i9 46 12 B F0 B 5t A AL BE
(total antioxidant capacity, TAC)FIZEAIITTIHESEL
55 ) LB ) 2 A XU 3 VA S, 28 S 5 ey
U, ) SR ) 22 W N 5 2 IR 2 1515 B GE
B R AAE A AR, X AT Re i — 2P hn
W i P R e FRHE RS, AR MT2A4 BER BT %A Ak
YERL, FATA N & 80/ vl 3 A A X L
N SV AR AR 2) S i . A
F, PrEAL I (MTT A MT2) 1) 25 $ a5 8t 4% 155
S 4 2 =17 (interleukin—17, IL-17)J7K
T AR My )L A B ARSI 3 v AT 1 T
IL-17, ZBF5E I IL-17* T 4 ) L2 2 i 1Y)
T AR A OGBS A ) XU R —FIE AR REE, 38
A3 F RS P R S R AT (dendritic cell, DC)ZE WL
PIZH A5 DC NI Mg B 552 (R0 2B LA A% 30 E 2 i
BESEOH AL, AT N4 52 3 10 W Wiy 2 Ja Pk
DC 256 K FIEE I G S o 0 G 3R, 7R
G AR TR ] DR YR MT2A W0 FEAHIFFT 2
Mg JLEE R, MT2A4 2 FEE, hIbRAITACH,
MT2A T G2 A2 8 5 £ B2 th Aont L2 2 iy 2
PERAE A 5E0A, D AT FAAE 0 08 ) L 28 0 g ¢
YRR — TR HE IR 3) A AH G 5 S5l I . FEmR
MT2A /N, NF-«B {551 % ¢ P H I 5 i
Yo WM, B MT2A W] LAYE Y GiE S A 5
P2 AR A S 7, AN, MT 7EZH 22 Bk
2 IR PR FE A~ (tumor necrosis factor—a,
TNF-o) IR, T341, A HE LI MT2A 5PI3K/
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Akt 5538 [ EHEAHOCHY, AR R, LR Mg
HH, TNF-a/NF-«B 15 518 %5 W% iy 5 RE A ¢, 1
PI3K/Akt {55518 [ 55 P i SOE B I OC R % V), i
I A 55 56 78 A0 S S I DR MT2A B mT 3 it
PI3K/Akt \TNF-a/NF-«B {55518 X )L 2 12 i 2
PR AR EEAE
KIF11 (kinesin family member 11, H—H¥ M4
H EgS) RS TR . 2 AR
IS 54 P R ) T2, & T 22 2R )
EMA. B, XF KIFU B0 58 2R PSR 7
T, 1 A DLAT O& F ) L2 0 Wit/ 8 N B2 i 194 R G 412
iE, (AR S KIF11 25 A9 LR @ o, e sir
5 )L 02 Moty =3 T O W i A DG A5 A G
1) SAETEIE . A1 L2 G 5 2 2 ey T L5 B
Tz —, MAGE - NUZ R 3 m £ 225 R
FA M /B R, KIF1 38 5 VE TS, B
Z 545 W”xﬁz, ZIKE%NM%L\%I KIF11 2
RS, FoR AR S L E R R 2 R VENR
TSR, 2) H)%ﬂaﬁ*ﬁaé H IR . AT KL,
KIF11 32355 Wit 307 09 JE PRRAE 522 15 4H 26,
[ if KIF11 7] 34958 B—catenin AYAZ% 5 57, M T ik
TG 2R ML Wt {5530 B 78 27 i &0 1 A b,
Wnt B—catenin F¥ 75t 2338 &, S KIF11 R]Rg
i Wnt/B—catenin 8 F§52 00 L RERG 2 ME R AR
HERE S KIF11 AHGE R, TR —F
KT p38a MAPK $40i KIF11 &N I4GE, {Hi%
SCINEE F )i KIF11 23 FRIK X532 p38a MAPK 5%
Wi Y 5 R AR A, S 3% 2[RIV AL B BF
/b, AR R 3 —F T RSl i ETS A
9 1 (ETS like—1 protein, ELK—1)%% %42 A1 .
YRR R 15 95 i R 1 2028 FAT 2293 43 B i i
B, RERYE, KIFLL 18 ) LN 2ok & A Y
1’EH§%¢F%D ERK/p38 MAPK A LR, (HA FF
— B UFSE,
ZE LTI, AW AL 5 A5 )L E RERG
Sk R AVERIC I SEREIEIN o 25 R SCHkAR A, X
BUSCHESLIN A 3 ANER(HLA-DPB1 . HLA-DQBI1
Al HLA ~DQB2)1 1% 26 15 B IR 32 5 ) L #E 182 g
FEESRAH SN, AP JEE (MT24 F1 KIF11) [ A&
B 5 EERGAC EHEGE . 456 MT24 M KIF11
CLHGE i AHDC T AR, FRATTIA N, 18R )L 2 B i
PE R AR AT S5 FE R, MT2A4 F1 KTF11 78L&
B 2 R AER R AR R R R A
sl F AT DARR A ) LB 02 Mt BRATLA K2 BT i o2 1
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