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A study on pathogenesis of house dust mite allergy based on GEO database

CHEN Ming-ming' s ZHANG Zi-han', HUANG Hai-rong', LONG Wen-fang', CAO Wen-ting' , DU
Guan-kui’ ,ZHANG Rong-guang' (1. The First Affiliated Hospital and International School of Public Health
and One Health » Hainan Medical University » HaiKou 57100032, School o f Basic Medicine and Life Sciences) ™™

Objective To obtain biomarkers of dust mite allergy by performing bioinformatics analysis on gene chips
of respiratory epithelial cells in dust mites allergic population. Methods The GSE9150 mRNA gene microarray
database was downloaded from the National Center for Biotechnology Information (NCBI)’s Gene Expression Database
(GEQO) to analysis respiratory epithelial cell samples. The sample sources included 10 epithelial cells from the allergic
population(5 exposed to dust mites and 5 exposed to saline) and 10 epithelial cells from healthy people(5 exposed to dust
mites and 5 exposed to saline). Differentially expressed genes (DEGs) were screened using the R “limma” function
package.and the threshold of logFC absolute value was set at =1 and P <(0. 05. The target genes were perform gene
ontology(GO) function analysis and kyoto encyclopedia of genes and genomes (KEGG) signaling pathways by DAVID
database,and then the STRING database was used to construct protein interaction networks. Finally,Cytoscape visualized
the gene co-expression relationships in the module and screen key genes. Results A total of 1247 DEGs were screened
in the healthy and allergic groups exposed to dust mites. GO analysis revealed that the biological functions of DEGs were
mainly involved in inflammatory cell activation, cellular communication,and glycosylation. Among the KEGG signaling
pathways indicated the NOD-like receptor signaling pathway, TGF-fsignaling pathway,11.-17 signaling pathway, Thl and
Th2 cell differentiation. Ten key genes were screened based on protein interaction network: RSAD2/ISG15/IFIT1/
OASL/MX1/IFIT3/0OAS3/1IFIH1/1F144/ DDX58. Conclusion The bioinformatics screening identified DEGs about
dust mite allergy between patients and healthy population,and 10 hub genes were obtained through the PPI network, thus
providing new insight for dust-mite allergy mechanism and prevention research.

[Key words] House dust mite;allergy;gene expression;protein interaction network; bioinformatics

» DESEETED N EK HARE R4 T H (No. 82160634) 5 ¥’ 4 H SRR 2% 5k 4 BB BHF 141 BA 3T H (No. 820CXTD438) .,
xx CERAREEEED B 7K 586, E-mail: zrg@zzu. edu. cn
M B (1998-) . & WiV EG N B 5T A . BN FE S FRATHR 5T . E-mail: 914453501 @qq. com



TR R R E M F R E oo H

Journal of Pathogen Biology Feb. 2023,

B8 B 2 M
Vol. 18, No. 2

+ 181 -

i (House Dust Mites, HDM) 42 3535 1 ¥ 9w 1%
T 18 H G U 2 — R B A TR R AR B LR
Ryt LA ZE S S W i v 19 K B B vl i
J e RO B A ok B 1 M R A T S AR A A I
PEBORS . PR RS . UT 8596 1 A o 0 R H
HDM 38, Beutner 55" #f 78 W A 24> 5 iy B0 %
FEIT 20 4 M, E M 37. 8% FFH = 50. 1%,
A 0 K i X 2 0 B B B R R R RN
55.4% . [AIE, i FUR 5 R A i B S WP R R A, —
H B R KA TR - ES . HDM i Bl
FENZE 14 figg T8 v 2 B L BB A Jg 08 98 E M i 1
38 37 1 L DT Y Ak X s R R
W AR W6 Ao TR A 2 i L A X o B e 1Y B IR LA

ABIEFE I A= W05 B2 07 85 4 B 2 i e 00 451
At 1E R (0 I b B A0 AR AR e R DR R A T 1Y
22 5 B TEER DY AR 6 X i A AHE b B A i B PR SR A
(R 5% 1 LA B R BE B 1 FH AL L S a2 By va S IR &R

M5 7T E

1 HHERIE

LI GPL570 [ HG-U133 Plus _ 2] Affymetrix
Human Genome U133 Plus 2. 0 Array H¥F &, M\
GEO % #& ¢ (https://www. ncbi. nlm. nih. gov/
geo/) T R PR T4, AR i o BN TR N A B T (1 0
M IE 1 R 20 i 4 2 DR dE B8 GSE9150., A B i
8 PR BT GR35 PH R 2 2 R B 2 v SR & Y O B A%
£ GEO MR AL . GSEIS0 W il 4R 4
5 BONTE bR 2 10 ) (5 151 2 BE TR WL 5 ]
i T AR BER KO 04 BT 1 B2 AR 10 B (5 ) 2 R
TR, 5 B 28R TAERERAO .
2 £ % X% & A (differentially expressed genes,
DEGs) i 1%

A R 8w XS A GSE9150 #4720 B, B2 BUF
B PR SOl PCA TR A B R A I 2H 18] R 0L
7 limma B 05 24 5 3o 50 2 0 £t B 20 30E AT 2% S+
0T T AR DEGs., i bR 4 log2 B&PH 3Rk 22
54 (fold change, FO) 4 X { =1, P <<0. 05,
“ggplot2”R i F A2 Kl E .,
3 DEGs B E B & K it (gene ontology, GO) . T # &
EF#E H A 7/ & £ H (Kyoto Encyclopedia of Genes
and Genomes, KEGG) % #f

W TE L BHE B DAVIDChttps://david. nciferf.
gov/ ) BT BT R 1 GO Tk & S50 o 4% B8 A=
) ¥ 4% (biological process, BP) . 4l it %€ {7 (cellular
component,GC) .43+ JJ i (molecular function, MF)

Xt N EAT B A 9028 5 R ) KEGG 20 #r . #8% nl fig
W R EY ¥ . GO Rl KEGG it &8 P <<
0.05, LGB & 53, 0 “ ggplot2”R 1 & £ 2 il <
W,
4 DEGs B & B /& 8 E 1€ B ( protein-protein
interaction , PP1) [ 28 ¥4 2 #0 3¢ 2 & & i ik

N HTE L T B STRING Chttps://string-db.
org/) FEHAPEALE PPT W 285 B A BF 97 07 8 Hh 1 22
SRIBEP T A STRING, #] ] STRING 43 #7 T K.,
I TIX S8 DEGs Z A AT 7RI & . ik AR PR .
fHEE=0. 15, BAER KM =0, ¥ STRING M i+55 4%
WS A Cytoscape(JEAR 3. 7. )" WA FRE AW E
25 ¥ (molecule complex detection, MCODE) i 4 #f
TR 1288 PP N 45 v i Bz 05l B % I 4R 7
PLBRIA S B R i 280, ILAh, B cytoHubba #fi £
i 2t PPT &% i b T SC B0 B A AT 10 SR,

& R

1 LHEHHEXERREIEANFE

LR AN SR B T 3 ASBIE 5% A0 AR VR T R B8
B GSE9150 fy b i ok B N BF 5 1 O 491 47 8% 19~ 55
By 28 R IR LI A A A 4 i e B R LA
4 JERT A B Z YU BER YY) MR AR 5 4] O B 4 ik
21~33 %, H WA ) . Xzt i 8di i 41 PCA =&
5353 B I PR S R 7 . B P g — s SRR
— A, PCA RAEE A FEA B S 3 IF R4
i) 22 5 1 2 (L 1), 35 i 3 O 2 A%, S 18 o 1
247 22 AL TE Sl B R 22 S R AR BRI AN [F]
it s (& 2) . K3 s IR L 22 5 5 i
K 20 A B AT I8 2% 55 e KW 20 A SE B (groupl
R, group2 FiE4D) .

- } g
150 I //
| PG
100 - | A
i F
50 : /o /
< 1 // / G[ﬁ’“p
0 1Ce SN 71\ group1
< 0 % | / / [O] group2
) 50 : //« /
Q )
A/
=100 ~ =8
4
=150 ‘J/
T : ] T
=50 0 50 100
PC1 (58.3%)

B 1 &k EEE GSE9150 B PCA H#7
Fig. 1 PCA analysis plot of GSE9150 gene chip,Red and blue spots
represent samples from Normal group and HDM allergy group



B R RE M F R E jome2A HIsEH M

. 182 - Journal of Pathogen Biology Feb. 2023, Vol.18,No. 2
o egionof it ool s ° . °®
g ioocys oo o -
N ~ L I PR ° i
ox oo
posi egulation ofekoeyt activation { Y o sae
itinslsoompoodstofsniizns 'Y
o
s o
) * & 8:
- (X3 basement membrane - Y
s -
o JrS—
=
)
= i i
o GeneRato GeneRatio
(=] A B
7
[EN—— - °® Cyikine-cyain ecetor ineracton ;1
cytokine recepor binding @ [ oo, NOD-tke eceptor signaing patmay soust
o -
o oo
S—— pos R —— ° o
- o
‘growth factor binding [ 8 » Toll-iike receptor signaling pathway { @ Qs
T T T » Qu
[0
-2.5 0.0 2.5 rowh futor ecepor binding { @ 1L-17 sgnaing patrway | ®
Log, (Fold Change) R o ottt {0
03150 a0 070 0w G 05z 0% o ot ob
MMMMMM GeneRatio

2 ERFRZFEENL
Fig.2 Volcano map of DEGs

:

I ﬁ
OQITNCZ>0O

DT>
R

Uo—0
Zan®
Weor>
i

5
- \S(Bf%am Group
- | §§g .group1
L TYR"Y\IA7 . group2
[ | ‘P P&I')'16 2
e B,
| Al4
s T
M 11B1

B3 #HE
Fig. 3 Heatmap of GSE9150 gene chip

2 EREFEM GO 441 KEGG B

NEH DAVID 78 2 804l e X i 18 75 2 0 Br A
DEGs #£17 GO M1 KEGG {5 5 I & &£ /0 #r. 451
KB ARG 22 S R A B A A W AR W R
20 3% Ak 40 i S8 3 RRE 31k 2 (I 4A) s TE AT A
Gy 7N T I S 25 57 PR 3k 7 ) B A T A i Ah 3
JB BSR40 R A% X 38R (& 4B s 7E < S F D RE” 7 I
RN EE AR T 2K JAHE T Z24R
o & R A 05 (- 4C), KEGG 15 538 43 #r ik
/R C(EAD) L 22 5 B RUE 4 T NOD M 32 (K 15 5 5 %
Toll #EZ AR5 50 % . TGF-B 5 53l % . 1L-17 15 558
P Thl #l Th2 40 i 70 {6 55 AR 9 o #E i ax 2l ik f2 5
TR N 6 R B, AT RES 5% 0 & AL .

B 4 E£9ERE(A) HEBAS(B) S FUE(COHEERER
VLR 8 3% 4 B 38 2% 43 4T (D)
Fig. 4 Functional and signaling pathway analysis, including
biological process(A) ,cellular component(B) ,molecular
function(C) and KEGG pathway(D)

3 PPI W% F2 Hub E&E

FIH STRING %4 FE# £ PPT 2% , I 45 4L
P F A Cytoscape 4, % 2 1 B4 W 4% i 47 T W4k
TS T, FF MCODE 45 £ 43 91, UL Bk 1A 2 54
Node Score Cutoff 5 0. 2 ,K-core i 2,Max. Depth &
100 #HATRE M- B e B9 1 HAEK S 29 1
MLy 24 5) . R CytoHubba 1 {4 3£ 15 3 10
A~ Hub % [H: RSAD2, ISG15, IFIT1, OASL, MX1,
IFIT3.0AS3 . IFTH1,IF144 \DDX58 (& 6),

5 MCODE i 3 #iFammEH
Fig.5 The cluster module is obtained by MCODE

i

2R A 1 U SE A TgE A 5 ik R M 0 1 R
Az PEUGGE bR R PR BB BT b A SR R
FHE BB, AENE U Yh, b R A0 A S A A X
PUN 32 PR 25 & AH DG BC AR JF 16 46, 43 i TL-25 . 1L-33 i
E Th2 B4 N1 TL-4 . 1L-5 F 1L-13 7= 4, 1 sl
K Thl/Th2 Jfi, 34w Th2 B R, Th2 K40



POE OB R AW F A&

Journal of Pathogen Biology Feb. 2023,

2023 4F 2 A A5 18 & 2 )
Vol. 18, No. 2

+ 183 -

i DR 73 0 oK FS S a0 S R ATL A A T TR

18
S RPERREE 1 1gG 28 0 TgE RIS B 240 i 3 58 73
Ak BEDR 41 i T A R DL KOS 853 1
IT

B 6 R cytoHubba fE#E L PPL &S 10 M FEBEENER
Fig. 6 The top 10 hub genes in the PPI netwoek selected
by cytoHubba

AR 5% B 5 T A 096 1 o N R R A R CHE Y
Bz A0 MR AR B TR 3R IR AT 3 . il KEGG 43 it
RN FR BN FEE S NOD FEZ RS 5 % . Toll
FEZ AT 538 B . TGF-B A5 5 8 B% L IL-17 {5 % 38 % .
Thl 1 Th2 240 50t F %, BIBE5E R B, NOD ##
ZARFE HDM 155 5 1) 2o 80P <03l R E 9 28 h AS vl 5k
B IZ 52 A 5 I A el A SR GE T Th2 4
PR 7K SF- T 15 G 95 200 i 3 i 14 58, I JF 2 g TR M 4
M 2, LA oE The B Sl g % 2 & B, Toll
FESZARAE B b AR B3Rk, Hoal i 454 HDM fig
Z B (LPS A i TL-1a MBI IL-1a DA H 430 J7 X HE
mAEH T bR 4B, A2 GM-CSF Ml 11-33 B, A
T HA ZE R 2R 4l U Tho 5] Th2 J5 itk fk . i% %
B 40 i 5= 2R R R A i i UR Y IgE difk . IgE Bk
Y5 Fo SZURZ5 G W06 00 40 M, I8 55 48 31 52 i 38
O FEOHUA SO RN 3 R R L B R A0 A R
s Ui TGF-B ik £, Thl f1 Th2 4051k
TE 323 B0 s ML Hh (8 VR R o W af L R R AR 2o Bk
P (AT AR L @ 1L-17 5 5 @ . Thi7 20
P o3 A B TL-17 DAYE Ak I 2 20 B 53 i K & G-CSF #
GM-CSF , fi i v 1 r 200 1t 1) 2R 4 5 1 4 o DAl o J) 5k
BOE RN

WAy PP M 4% 4544 T 10 4~ Hub A .
RSAD2,1SG15, IFIT1, OASL, MX1, IFIT3, OAS3.
IFIH1.1F144 .DDX58, 1 &+ 4 % # ¢ (Interferon-o/
B, IFN-a/R) i & %L M J& ISIG15,IFIT1, MX1,IFIT3
IFT44, AR5 L I T B TR Al 55 Treg 40 1Y 1
US43 TL-10  IEN-y  TGF-B.IL-5 25 4 i H 1, M\
T {6 40 88 2 7 # 16) Thl 04k L 38 i Sk i
WFSY kB, B2 B )L IFN-a, IFN-8,IFN-A1 #1 IFN-

A2/3 Fh KW B T E AR A S LW TR,
Kirstin 2557 H2 38 A0 XF T 122 0 8 2 il jE A BE MIXT,
IF144 JERFRIR BN, SR, X F TR TP R Ml
T OSOSE B LR AT AE AE . DDXGS iR T4
B ATP MM A e B 5 0 £ B R0 RNA T
A AR AR 5 P8 2 /5 . DDX58 1] a4k IFN-7 2L
RBi1E 53 % JAKI-STATIL Y B B2 1k 1% 1k, LA
IFN-y By 23577, L. 4 T A ks i Thl 5
Th2 401 b3, S ECGRRE KM . Hhos & 8L 1 BUBE IR
995 KB A BOPE SRR R IR, B TFTH 3 PR 4 5% 14
Z R A IR 2 A0 (SNPOY™Y, T R W) X8 R
(nsSNP) 55 1 B FR 9 8 5 fo 5 M s K e 1 XUy 422
EAESERY, HET. 6T READ2,OASL,OAS3 £ i3 fif
PEB I A FH AR A TR — 2 AR SR
ik,

(&% 2]

[1] Abu KA, Kim E. Joldrichsen M, et al. Insights into mucosal
innate immune responses in house dust mite-mediated allergic
asthma [J]. Front Immunol,2020(11):534501.

[2] Calder n MA, Linneberg A, Kleine-Tebbe J, et al. Respiratory
allergy caused by house dust mites: What do we really know?
[J]. J Allergy Clin Immunol,2015,136(1) :38-48.

[3] Baba SM, Rasool R, Gull A, et al. Effectiveness of sublingual
immunotherapy in the treatment of HDM-induced nasobronchial
allergies: A 3-year randomized case-control study from Kashmir
[J]. Front Immunol,2021(12):723814.

[4] Beutner C, Werchan B, Forkel S, et al. Sensitization rates to
common inhaled allergens in Germany - increase and change
patterns over the last 20 years [J]. ] Dtsch Dermatol Ges.2021,
19(1) :37-44.

(5] BZIGEMR, PNV B SO L 3. R vl DX 7 1 d 4 AR 3 o A il i
ORI BT L DL I R T G A 0 Sk AP R A4 35, 2013, 27(17) : 3+
6.

[6] Rosenfield L., Tsoulis MW, Milio K, et al. High rate of house dust
mite sensitization in a shrimp allergic southern Ontario
population [J]. Allergy Asthma Clim,2017,13(1):1-7.

[7] Tulic MK, Nebot MV, Rekima A, et al. Presence of commensal
house dust mite allergen in human gastrointestinal tract: a
potential contributor to intestinal barrier dysfunction [J]. Gut,
2016,65(5) :757-66.

[8] Szklarczyk D, Gable AL, Lyon D, et al. STRING vl1: protein-
protein association networks with increased coverage, supporting
functional discovery in genome-wide experimental datasets []J].
Nucleic Acids Res,2018,47(D1) :D607-D613.

[9] Shannon P. Cytoscape: A Software Environment for Integrated
Models of Biomolecular Interaction Networks []J]. Genome Res,
2003,13(11) :2498-504.

[10] LinJ,Chen D,Guan L,et al. House dust mite exposure enhances
immune responses to ovalbumin-induced intestinal allergy [J].
Sci Rep,2022,12(1) :5216.

[11] Whetstone C, Ranjbar M, Omer H, et al. The role of airway



. 184 -

PE R OR AW F R &
Journal of Pathogen Biology

202342 H 518 BE 2 )
Feb. 2023, Vol. 18.No. 2

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

epithelial cell alarmins in asthma [J]. Cells,2022,11(7) ;2-26.

Kool M, Willart MM, Van NM, et al. An unexpected role for
uric acid as an inducer of T helper 2 cell immunity to inhaled
antigens and inflammatory mediator of allergic asthma [ ]].
Immunity.2011,34(4) :527-40.

Hammad H, Chieppa M, Perros F, et al. House dust mite
allergen induces asthma via Toll-like receptor 4 triggering of
airway structural cells [J]. Nat Med,2009,15(4) :410-6.

Kim G, Hong M, Kashif A,et al. Der { 38 is a novel TLR4-
binding allergen related to allergy pathogenesis from
Dermatophagoides farinae [J]. Int ] Mol ,2021,22(16) :110507
Janulaityte I, Januskevicius A, Kalinauskaite-Zukauske V,et al.
Asthmatic eosinophils promote contractility and migration of
airway smooth muscle cells and pulmonary fibroblasts in wvitro
[JJ. Cells,2021,10(6):1389.

Zhu X,Wang X,Wang Y.et al. Exosomal long non-coding RNA
GAS5 suppresses Thl differentiation and promotes Th2
differentiation via downregulating EZH2 and T-bet in allergic
rhinitis - ScienceDirect [ J]. Mol Immunol,2020,118(12) :30-39.

Cho KA, Park M,Kim YH,et al. Thl7 cell-mediated immune
responses promote mast cell proliferation by triggering stem cell
factor in keratinocytes [ J]. Biochem Bioph Res Co, 2017, 487
(4):856-61.

Levings MK, Sangregorio R, Galbiati F,et al. TFN-o and 11.-10
induce the differentiation of human type 1 T regulatory cells
(1. J Immunol,2001,166(9) :5530-39.

Rezende RM. Cellular components and mechanisms of oral
tolerance induction [J7]. Crit Rev Immunol,2018,38(3) :207-31.
Sol P,Santamaria P. Re-programming autoreactive T cells into
T-regulatory type 1 cells for the treatment of autoimmunity [J].

Front Immunol,2021,12(4) :e684240.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Giovannini CL, Marcet B, Moreilhon C, et al. Distinct epithelial
gene expression phenotypes in childhood respiratory allergy [J].
Eur Respir,2012,39(5) :1197-205

Legaki E, Arsenis C, Taka S,et al. DNA methylation biomarkers
in asthma and rhinitis;: Are we there yet? [J]. Clin Transl
Allergy,2022,12(3) :el2131.

Kirstin J, Wirz OF, Willem V,et al. Loss of regulatory capacity
in Treg cells following rhinovirus infection [J]. J Allergy Clin
Immun,2021,148(4) :1016-29.

Tanwar S, Oguz C, Metidji A,et al. Type I IFN signaling in T
regulatory cells modulates chemokine production and myeloid
derived suppressor trafficking during EAE [J]. ]
Autoimmun,2020,115:e102525.

Yoon, Seok, Roh, et al. Toll-like receptor-7 ( TLR7) signaling

cells

promotes non-alcoholic steatohepatitis by inhibiting regulatory T
cells in mice [J]. AM J Pathol,2018,188(11) :2574-88.

Fk. DDX fif BERE 5 F D s i WF ok e (). o B o 2k
IR YT 2455 2020,27(10) :1162-69.

Xu XX, Wan H, Nie L,et al. RIG-I:a multifunctional protein
beyond a pattern recognition receptor [ J]. Protein Cell,2017,9
(2):8.

Li Y. Begovich AB. Unraveling the genetics of complex
diseases: susceptibility genes for rheumatoid arthritis and
psoriasis [ J]. Semin Immunol,2009,21(6) :318-27.
WL A NPE SR OGBS R i AR B [J].
Ao H B I Sk AP RL R R 2020, 55(5) 1 7.

Nejentsev S, Walker N, Riches D,et al. Rare variants of IFIHI1,
a gene implicated in antiviral responses, protect against type 1
diabetes [J]. Science,2009,324(5925) :387-89.

(R EHY 2022-09-08 [fEEABHY 2022-11-26

B N S e e Y N e e e e N e Y e N N Y Y Y N e e N N N N Y N N N N N N N L N N N N N N N N NN )

(k3179 70

(18]

[19]

L20]

[21]

[22]

Donnelly S, Stack CM, O'Neill SM, et al.
Th2

Helminth 2-Cys
peroxiredoxin drives responses through a mechanism
involving alternatively activated macrophages[]J]. FASEB J.
2008,22(11):4022-4032.

Jin QW, Zhang NZ. Li WH., et al.

Trichinella spiralis

thioredoxin peroxidase 2 regulates protective Th2 immune
response in mice by directly inducing alternatively activated
macrophages[ J]. Front Immunol,2020(11):2015.

ZEWAT, B P s, WG R A RAEM L] e
Hb 7 2% 2, 2021,40(8) 1 684-688.

Shi T, Song E,Nie S,et al. Advances in targeted proteomics and
applications to biomedical research[]]. Proteomics, 2016, 16
(15-16) :2160-2182.

Peterson AC, Russell JD, Bailey DJ, et al.

high

Parallel reaction

monitoring for resolution and high mass accuracy

quantitative, targeted proteomics [ J]. Mol Cell Proteomics.,

[23]

[24]

[25]

[26]

[27]

2012,11(11) :1475-1488.
Sobsey CA, Ibrahim S, Richard VR, et al. Targeted and
untargeted proteomics approaches in biomarker development
[J]. Proteomics,2020,20(9) :e1900029.
THA . AT G BB S8 TR 1 A A W Tl R DR A R R B LR

etk 2 A0, 2290 Hol el K2, 2014,

AR, m R T A TR R AT 7 ik s (D], &
B AR RHE R L 2012,
Thomas P, Smart TG. HEK293 cell line: a vehicle for the
expression of recombinant proteins [ J]. J Pharmacol Toxicol
Methods,2005,51(3) :187-200.
AR AT R, R MR S P IR LRRC1S R 1 H A R A

B eI LTI [T ], v [l W O Bl 3R 44 2022, 34(3) 1 286-
291,

[f&E HHIY 2022-12-26

[igF= B Y 2022-10-11



	2023-02

