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Abstract

Objective: To explore the common biological mechanisms of interaction between COVID-19 and
chronic obstructive pulmonary disease (COPD) as well as asthma, and to establish disease diagnos-
tic models based on a small number of genes. Methods: This study combined transcriptome data
analysis, differential gene screening, GO and KEGG functional enrichment analysis, protein-protein
interaction network construction, statistical analysis, and machine learning methods to compre-
hensively analyze the impact of COVID-19 on patients with chronic respiratory diseases from mul-
tiple perspectives. Results: Differential co-expressed genes were identified, and enrichment analy-
sis revealed that they mainly participate in immune responses, inflammatory signaling pathways,
and virus infection-related molecular pathways. Protein-protein interaction network analysis iden-
tified key genes such as TLR2, MMP9, CXCR4, CCR7, IL1A, and CXCL8, which may play important roles
in inflammation regulation and disease progression. Meanwhile, for COPD, a diagnostic model
based on a small number of genes including PTPN7 was established, and for asthma, a diagnostic
model based on a small number of genes including CLC was established. Conclusion: COVID-19 ex-
acerbates the inflammation and immune dysregulation in chronic respiratory diseases through
multiple systemic pathways, providing new research directions for personalized treatment strate-
gies. Additionally, the establishment of gene-based disease diagnostic models offers important in-
sights for future treatment and management.
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1. 5|8

3B 8 e IR 97 33 Mifi 42 (Coronavirus Disease 2019, COVID-19)/& —Fl &R H KARATH, H 2019 FIEE
R UK, S, X AERRAIETAE LRI 7 IRE [ 1]. COVID-19 fEy—FtHi M4
BRUEAG LI, RHEPERFIR R G500 B IE R T W& 520 . COVID-19 @ik 2 Bl i COPD I (1)
TR, BRGNS PR b R AN R B R 51 R B 1) 98 R e (A i R R ) LA R A
RGN o IX LLAL ) T BOURPERF IR R e B s I E . (E BRI T R T .

COVID-19 R ImALHIE 44, Fszmm O ek s — P9 1 VulE, X T —Fh“ 28 5 9E 7 B3 (syndemics),
B COVID-19 5 HABAG 20 I 3L AE AR A B3 I E 715 2] R, XTI Mnpm R g &
F, WS FH 2E 14 i 959 (Chronic Obstructive Pulmonary Disease, COPD) 12N (Asthma), COVID-19 )/
G A T E I RIE . BRI TR I

COPD F1 Asthma 3352 DA 58 R AIWF IR D) B 32 45 N RHIE IR 3 DB A IR SR S i, — & 2 [A) B A
P P ZES, XA E AR E S . COPD =5 % i AN AT 10 ¥ S 308 52 FR AN Al B 45 M 3R 51 e
W SRS TG RA 5% T Asthma WU DURT 300V UTE 5 SR O 32 BRFAE, 22 s Bk 28 0E
o TR FLRY, 50 EE F RO Asthma f1 COPD HI4FAE, X FhE S P FR A Asthma-COPD
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HBLEAIE(ACO) [3], #F— BN VXM ABOR NS LR AH B R . £/ COVID X, %%} COPD
FI Asthma EE TR, GG IR m( “ KB ZRE0E) 1] RE S EUSTER M RIERFEAAE, M
M — A R PP IR TR o XS BURE A S IR R 50, 3 mTRE 51 AR 25 L ACo BT (g B 1) R

Zx LFTIR, COVID-19 X8 IR 5 Se 5 IR M AMUE SR B i e, BRI B A 2 R4
ELAEF DA RO A R Rz 52 . F 9T Asthma 5 COPD HILisstE, LLAEA]1S COVID-19 A8 H
BUH, A Bh T B0 3L R B AR, O RB AT SRS SRt T EE MG R .

2. MM ERE

2.1. BUEXIE

MIEK K TE ZE A (Gene Expression Omnibus, GEO) %4/ (www.ncbi.nlm.nih.gov/geo) N GSE164805.
GSE148004 4 FH T A1 B2 M1 COVID-19 X8 M WP R G 152 . Jlid 22 5 5 Koy, 3.
TR T COVID-19 5 COPD. Wi JLA7 kRIS IA ARk, Tk DRI 7E i 8 25 A 9 i e 7 H ke S B A
Ho tb4h, M GEO ¥4l F# T GSE212331. GSE137268 Hdii & T 78 /04 KA Bhiz Wi BARIE ]
WA 1o

Table 1. Data set description

1. BURSHIAR

GSE %1 P i FHFEA HRTE HH
GSE164805 COVID-19 10 ANH e BB R 5 ANMEE R M4 GPL26963 A I A% 20
9 4~ Asthma £ . 74> COPD #¥ . .
. SR I A
GSE 148004 COPD. Asthma 0 Ak GPL13497 BRI R IE
GSE212331 COPD 72 /> COPD HEH I 15 MK GPL10558 BRI R IA
GSE137268 Asthma 54 A~ Asthma B35 Hl 15 Mg FEM A GPL6104 IR R R 1A

2.2. fEiE#FEERRIEER

KH R B AFH) Limma #2F 7% GSE164805. GSE148004 ¥4 7T COVID-19 fil COPD., Asthma
2 BRIk . 2t P AE DU IE GEO #l &£ BB BATEZS R . P < 0.05 F|Fold Change (FC)| > 2 ##5€
AT GSE164805 ##54E COVID-19 J:[A 2 7 R IA K H{E, P <0.05 Fl|Fold Change (FC)|> 1 #5€ X N
fifii% GSE148004 #(#%4E COPD. Asthma J& K 7 S AR R BIME o 53 7] 2 BRI X L BE R A5 (PR BT SR Bl
ZREH RIS R BT (. FE T 4 R T A
(https://bioinfogp.cnb.csic.es/tools/venny/index.html) 3K 5 & /1) B & DEGs.

2.3. [ DEGs WESE SR PPI R0 HT

¥ 3L[F DEGs fi N A5 R4 AE W15 B 2% 2 (hitps://www.bioinformatics.com.cn/)# 17 GO. KEGG
EHEAHT. FILIF DEGs #ii N\ STRING ##i % (https://cn.string-db.org/)#5 #I 8 1R HAEM 4% 4041, FE—
MEARIRFERRE PPL M4, HrpgrafGmEd 04 M TAERBIANEAS S .
Cytoscape (http://www.cytoscape.org) K i #4LIX A~ PPI 4% . )5, HiT GeneMANIA %4k e 22 il o b 45t
AR, @i PPI RIS 45 & Cytoscape IG5 VAT i R BESE A .
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2.4. ET DSighB HEERNEIE IR A

9T WasE BT X COPD M1 Asthma )7 BB A2 254, FATFA T Richrweb V&
(https://maayanlab.cloud/Enrichr/enrich) H ft) 25 ¥ %5 4 4 72 (DSigDB)

2.5. RIGMPRFEDHT

M GEO ##5 & H 3K HL COPD Il Asthma £ A (1 5 R A Hdfs 8 3 v 15 5 P EAT S 2 40 MR8 20 A7
FNFE R RIA R, B A R E ] o LI PR I I A rp G e A P ) 22 e, AR ZR I #4
P73 BT R o S B R AR 2
2.6. FXBEENSIT RIS

8 python #H7E GSE212331. GSE137268 %44k |54k GSE148004 %442 iR Ml S BE A, %t

PP AT P S B R DL T (0 it 4R B AT ARBCR O STt ¢ AR, PIIBT SQ B S DRI AE o A AN i R EL A o4t
i EMEEER. P< N0, WAERGGITFE L.

2.7. BiER Lasso EVAfFECEER

K H R B4-H) glmnet. caret XA # F B &M A Lasso [8 73— 0 LR DEGs fiiik et 3L, 8
T H /b B ok B 2 R T2 W COPD Al Asthma 799 A5

2.8. HlAFEF S AR MISHTRE

AT HELWHET, BATRH T2 RIAER., A1 37 GSE212331. GSE137268 36k F A1
36 HH R DB VR A2 IR 256 R P mT S o e R TR 5 M R I AR S R A 5 R R R AT 6 Bl i B SR,
WA RIRAE L 1.

e R EM AR R I

TR . =
GysLJE164§?)5 i GSE148004 SRR ERIE DT
[ llogFeps2 [ JlogFC|>1
g P00 y P<005 |
HEERREERER ’ RRENESERER

STRINGEGREEEFIEH 74N EE TRMRIEZ5HD

/

GO. KEGGEENT [« 122XEEREE PPIRIESHT

‘ &R Lasso[al)3fEER
A Centiscape2 2fE{4HE6 M EER SRS

GSE212331. GSE137268I&3(F }«— FEIIZHER

MCODE&{H#E 1 4R EAERATEE ’

Figure 1. Overall flowchart
B 1. 2iRigE
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3.1. DEGs THiEZ& R
TE GSE164805 B4, &id 2B M 3E R 775 B R4 45 UL R E R 44 25 5 /5 1) DEGs 3% 2201
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£ GSE164805 ##utert, AL H 2201 /N2 7 R IAF K (DEGs), X LLHEN 32 B2 5 6ol N
RAEAT T AL 356 KOw AR YA L 14> 7B % . 38t 5 COPD FIENG ¥ DEGs BT 0 M1, KB 122 M3t
[l DEGs, X$eXER A RETE COVID-19 518 P IR R FeB (1A T AF F vt S s /e F .
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Figure 2. Differential analysis volcano plot
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Figure 3. Venn diagram

& 3. EEE

3.2. GO F1 KEGG BESER

N T Ay WX e 4 2 T DR T A AR TR AR, RATEAT T GO M KEGG @R & 4007,
Wi 4 Fis.

SERIER T OSBRI AR, AR IR 2 BRI R, X SR G A 5R, 5 SORE R G
. EYNRE IS B G 40 M IE 7% 22 98 E SRR G, 1T X i 25 0 100 o J92 D) 5 40 B IR s R 0%
PERLZH M0 2O R OCEE, ¥ R HOT ARG RORL . 437 D e 23 i S sl A R - R0 4 ffa R -
e, TR SR AN AT G RN . B IR Tl CXCR SRS e 40 . 40415y o0 b R S
MM REH 2 AANE S EAES 55545, KEGG M0 BniX N E S 5l 755
W REEE A SR T A R TS AR A AR, DA D - AR D S AR AR EE A,
R IR 75 5 I 1) SR A e, R AR Sy B TR 1 EE VR o A 19 0 B B 2 I 25 R
BRI Yeh 3, WORAH OCRER
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GO Results of Three Ontologies
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Figure 4. Enrichment analysis bar chart
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3.3. PPI MEEESITER

&

e\
QB
<

CCL18

CXCL8

MMP9

TLR2

Figure 5. Protein-Protein Interaction (PPI) network diagram
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i H STRING ##i M 741615 > S~ 0.4 MES deg 1) PPI 4%, Bk AN SE R a3 A Fl £
BLRLPRIB 2R (1) 255 (R J5 358 T A Bob O i T AR R 45 SR B S(A) B . &S 74 A58, J83d Cytoscape
(") MCODE #3453 T — > i B SR A EHE AL L, MCODE By 2 [ ) 28 o i) 1 sfiads, 4R A
1 P X ke e T AR AT A5 A0 R AR R I e AL R [ ) T R R e A X k. AR
PR 14 AN WL DEGs F1 83 XA EAE Xt 5(B) s«

A centiscape2.2 FIPUFNEE, TATTHEH THT 10 A hub B[R . BARREIEHEF 45 5 s 2 B
e MR 2B)FREMAESE, BATRI T 6 NEEH hub [, €3 TLR2. MMP9. CXCR4. CCR7.
IL1A 1 CXCLS, % 3 &R e I6E .

Table 2. Ranking of key genes
2. KBEEEHFE

I Hrb ot FErha LERI)
TLR2 MMP9 TLR2 MMP9
MMP9 TLR2 MMP9 TLR2
CXCR4 CXCR4 CXCR4 CXCR4
CCR7 ILTA CXCLS8 ILTA
VCAN CXCLS8 CCR7 CXCLS8
IL1A CCR7 IL1A CCR7
FCERIA CXCL1 CXCL1 CXCL1
PLIN2 CXCRI1 CXCRI1 CXCR1
CXCLS8 CXCL13 CXCL13 CXCL13
KLRBI CXCL5 CXCLS CXCLS

Table 3. Functional table of key genes
F 3. XEEEINRER

B R4 4 g

TLR2 & — MR 2k, & RENS L3 22 Ao S AR 5C 73 T4

TLR2 Toll-Like Receptor 2 X 2 5 P SO A DR T 0 22, 1 S S
& R, TS A
MMP9 Matrix Metallopeptidase 9 MMP9 CRLJf G2 5 g )i R, &2 5 Al i 2

XS E A L SO AT IR A R A A AT B R A S HL L

CXCR4 & —H G EAMBIGEILE 724k, WAEm. S
ERMALREE . FERIE RGN A i 25 50 EL 2L

CCR7 f&— ML 7324k, SCRF@ME RN . MRS

CXCR4 C-X-C Motif Chemokine Receptor 4

CCR7  C-C Motif Chemokine Receptor 7 i i g ki o4 6028 22 45 6 L0 S 24605 o
LiA nterleukin 1 Alpha ILIA (A4 Lo —FfR R A T, 215 J0me MR G

BT WS KRR AR, IR AR AR R T A

CXCLS #& CXC LR FREM — i, &SP R ERT.
CXCLS8 C-X-C Motif Chemokine Ligand 8 5| 5 PRI 4H BT F8 B B GL B A REFRA7, S 5miG 1 A R
AR, b A A H S S
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Figure 6. Key genes network diagram

6. XEEEEMEE

Kl 6 RIS, 2T GeneMANIA #E1E, A0 7 HILFRIA M LS K ILAH T RE . XLl
PR F I B IR 1) PPT 4%, JLRTA TN 46.44%, VIEEAH BLAE FH &N 36.72%, JL 285 (A 45 /380N 11.08%,
WFERA 4.75%, BAEMHEAERN 1.01%. XEEFS Q@i A4iic®. @i, &t
gt YR IT A . H M 40 B R IR R 40 T RO ML 4E PR 7456 h 5.

3.4. T DSigDB ¥iEETM AT BERY /N3 F 2540

8IS STRING % FE 13 20 74 NS EERHIA Enrichr %‘*EPE’J A% 4 HUHE FE (DSigDB), #JF richr E
(1] DSigDB 2544 PE oy HT BB B IR, DA e W TE IR0 IR 259 . B AR B TIRIE 239075 4 I R FR(IU&
JNHT LI

Table 4. Genetically targeted drug formulas for COPD and asthma
7= 4. 121 PE M B e AR B B F FB [ 254 R

N8 VP it HH A
CXCLS; IL1R2; PTGER2; IF16; CXCR4; CXCL1; CSF2RB; MMP?9;
benzene 7.81E-12 427.07 PAPSS2; IL1A; LGALS2; VCAN; ALDH2; BCL6; HYAL2; HASI,

NAMPT; PELI1; CYPIA1; KCNJ2; TLR2

CXCL6; CSF3R; CXCLS8; IL1R2; CXCR4; CXCL1; CSF2RB;
NICKEL SULFATE 1.45E-11 410.38 DNAH9; MMP9; CXCLS5; IL1A; ZEB1; ADORA2A; NAMPT;
CD207; CYP1A1; SNAIL; CCR7; TIMP1; KCNJ2

CSF3R; CXCLS8; KLRBI; ILIR2; PTGER2; PXN; I[CAM3; CXCLI;
aspirin 7.70E-11 367.32 FPR2; FBXO11; MMP9; IL1A; SLPI; ADORA2A; ADORA3;
FCER1A; NLRP3; TIMP1; CLC

GALNTI12; CXCL6; CXCLS; IL1R2; PTGER2; CXCR4; CXCL1;
IL1RAP; CXCLS; IL1A; VCAN; BCL6; PELI1; CYP1AL; KCNJ2

CXCL6; CXCLS; IL1R2; CYBB; ILIRAP; MMP9; PRKCZ;
CXCLS5; IL1A; ZEBI; CXCR1; CYP1AL; TIMP1; CCL18

MS-275 2.12E-8 284.06

PMA 8.71E-7 192.51
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3.5. RIEMREES T

COPD A1 Asthma IXFh 28 it FH IR, Fo 8 AL B0 B &k AL A R R i S Y - dl o0 dr L [A
LARGERE, ] DLHEWTRE A b G A M IR K T, 3R — 25 3R s G 2 I AE B R A R RLRI4]. T 7
P 8 43l 72 P Pl s B A AN RS 2R B
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Figure 7. Heatmap of COPD and asthma
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Figure 8. Boxplot of COPD and asthma
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AAHOCAN M LI~ Ao EHBERT RN, TR ERIAN AN M1 BRI 3= S T B I SO . X5 COPD 11
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Table 5. Statistical ¢-test table
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Table 6. Table of machine learning diagnostic results
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