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Abstract: Objective To explore the core targets and important pathways of severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) induced atherosclerosis (AS) progression from the perspective of immune inflammation, so as to predict the potential prevention
and treatment of traditional Chinese medicine (TCM). Methods Microarray data were obtained from the Gene Expression Omnibus
(GEO) database for coronavirus disease 2019 (COVID-19) patients and AS patients, and the “limmar” and “Venn” packages were used to
screen out the common differentially expressed genes (DEGs) genes in both diseases. The gene ontology (GO) and Kyoto encyclopedia of
genes and genomes (KEGG) analyses were performed on the common DEGs to annotate their functions and important pathways. The two
gene sets were scored for immune cells and immune function to assess the level of immune cell infiltration. The protein-protein interaction
(PPI) network was constructed by STRING database, and the CytoHubba plug-in of Cytoscape was used to identify the hub genes. Two
external validation datasets were introduced to validate the hub genes and obtain the core genes. Immuno-infiltration analysis and gene set
enrichment analysis (GSEA) were performed on the core genes respectively. Finally the potential TCM regulating the core genes were
predicted by Coremine Medical database. Results A total of 7898 genes related to COVID-19, 471 genes related to AS progression; And
51 common DEGs, including 32 highly expressed genes and 19 low expressed genes were obtained. GO and KEGG analysis showed that
common DEGs, which were mainly localized in cypermethrin-encapsulated vesicles, platelet alpha particles, phagocytic vesicle
membranes and vesicles, were involved in many biological processes such as myeloid differentiation factor 88 (MyD88)-dependent Toll-
like receptor signaling pathway transduction, interleukin-8 (IL-8) production and positive regulation, IL-6 production and positive
regulation to play a role in regulating nicotinamide adenine dinucleotide phosphate oxidase activity, Toll-like receptor binding and
lipopeptide and glycosaminoglycan binding through many biological pathways, including Toll-like receptor signaling pathways, neutrophil
extracellular trap formation, complement and coagulation cascade reactions. The results of immune infiltration analysis demonstrated the
state of immune microenvironment of COVID-19 and AS. A total of 5 hub genes were obtained after screening, among which Toll-like
receptor 2 (TLR?2), cluster of differentiation 163 (CD163) and complement C1q subcomponent subunit B (C/QB) genes passed external
validation as core genes. The core genes showed strong correlation with immune process and inflammatory response in both immune
infiltration analysis and GSEA enrichment analysis. A total of 35 TCMs, including Chuanxiong (Chuanxiong Rhizoma), Taoren (Persicae
Semen), Danggui (Angelicae Sinensis Radix), Huangqin (Scutellariae Radix), Pugongying (Taraxaci Herba), Taizishen (Pseudostellariae
Radix), Huangjing (Polygonati Rhizoma), could be used as potential therapeutic agents. Conclusion 7LR2, CD163 and C1(QB were the
core molecules of SARS-CoV-2-mediated immune inflammatory response promoting AS progression, and targeting predicted herbs were
potential drugs to slow down AS progression in COVID-19 patients.
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NG SR, 25 MyD88 fK#itE Toll #£52 1415
SIS IL-8 LS IE R IL-6 A5 1E
)T AR, R T I R RS AL
IR AL BEE I Toll FESZARES & NRIE S HENE 2R
WS & DR . Toll FEZR(E S iE A8 MyD88
B p TR TIR iy E A (TIR-domain
containing adaptor inducing interferon-p, TRIF) /-5
TEE T 2 AT, BRIl R A AS T EE
if MyD88 #Hit: Toll #5248 B H0E T IEZ A 1
kB (nuclear factor kappa-B, NF-xB) /54 K1
HRRZE Y. EHH NFxB R i B
F AR K (IL-6. IL-8 55) s, ik
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KRIE P, IR RS, 15 T 90 MR B AS iE
JR 12131 A g IR I S R A —2H 5 PR ARE S
T g% B FMLARTE AR AR AV 22 . BHe
EU V. R 2 6 N AR JH 5307 e it % 7 B R 8 R 7 J%
PRI R R, XTI 11 116 %4 2R E (R 7L ow
SARS-CoV-2 iy 175 R MAFH Bk 1 25 JK P 5 5 8
G, I VR ER P AMA R MRS Sl — B A R
SRR RS 04, T ARMA TR R G Fa S AT 0 AS
(RS MA) [E A S 1T 2 LI, X i 22 s R E A
3a (complement 3a, C3a). #MA 5a (complement Sa,
CSa). JEBEHE AW (membrane attack complex,
MAC) ZEFMAOE 17 P55 JORE R 7~ IR TR 48
G5 EIN DR AR R R /NGB I 58 PS5 S P R 4
JO R AH ELAE FHUSY . AP Frig B W v — A o TR S A il
(R T 1t RE S AL 1 JORE/IMAIE 1, )3 B AR
S FIRLAE R, 55 N B D REREAS 5 ILAE E AL UE-18],
X AT eSS Ml A AN AS HEJE A FE LA

P BRI M R R T i 5 AS 1%
PEIABDIRES, 74 SARS-CoV-2 &y e &4 Bl
W ) S e N 2L, VRN S N5 1 38
B2k, 15 Wk 2 PRI V% A I 53l K B A DR - 0 %
PEA RIS FEBEE A0 I b 28 3 S PR 20 i B 12
FAMIFER ORI, X PP RERES 2R K
PES R RS SBPE T 4 NE S R y T+
E o TR L2 RIEPURE RN, A
T LT ¢ BT R R R I Th17 540 Bham Bt AL,
1M Thl. Th2 ZHMOEAGINRIILG, X R b g5
N AL R AEBEE A R TG 5 2 RS IFRIE
=92, 22 5 AS R S 0 TE o+
TR BRI, R p 55 S R 1%
Ty AL, B Thl 4. Th2 4 AR FE N
PE G B A0 N S5 e FE SRARAE RAEBE LM, 25 AS
R
3.2 TLR2. CD163 % C1QB 2 SARS-CoV-2 &
AS #HRIZ L2 F

23 ik 598AUE, TLR2. CDI63 Al CIOB #i i
LML IRZ O FE D], DA AR OB RAE B il R 0 AS
i 35 SRR E T B3 = R AS, M H IR S
FHR RIS IR ANIRZAT Bl T 050 % Je 1 B fige [ 245
L/ S EIE W

Toll FfAZ AR i HAFE I e K e 524k, i
HEREAERE Rt S AR S M S AT S, HLRe e 5
£ MYDS88 Fl TRIF AHE#:3k4rF (TRIF-related

adaptor molecule, TRAM) ZEHkT N FL2RR
AL S F S (mitogen-activated protein kinase,
MAPK) HI NF-«B B (30T, 51 &0 2 1R 1
Bl M P ER ORI AT i, S5 et AR BN Ik 5
FEWN ) 2 RE PR 5% Rk . /B TLRs FR AL
2 — ) TLR2 7> FAEFt il R A AS i gk v
B E RBEIEN . WEFiRY], SARS-CoV-2 R
F K TLR2 ¥ NF-xB 15 5l %15 5 4O AR
Se R G AN b R A R0, 51 R FE S hE AN
AR AR, [\, TLR2 WAHEHEESS
AS FEREH R SORE R A BT R sh ik E 2B DL KB
POATaE MRS AR I AR Y . Zh sk k3, [H
Wr TLR2 FlEtk K524k (C-X-C motif chemokine
receptor 4, CXCR4) [A][1) 4y Hf PR &l 25 H0fi] 1
EFIE AR, B AESE L 2 L0 1 W %
RIFRRGLTE T 1) AS KA AHIE 1) o 12
GERRIR, TLR2 W15 K5 b 5 4 M= i AH
K, Hor DL E R M D AR 1) S R S A I Dy Y
=, HAeRM R BT A
(reactive oxygen species, ROS), HI#BEHY 5K 52k
Falel, N EYnPTE . FHBIE T 40pu. A
T A0 553 ME S RO RA I AR 5 TLR2 ik &
SIERAHI, B RS2 AR U K& B o T 1K 26 g2
MR, FSHTBEAEE, S5RER. 3t
REZREWRNAITFERT. GSEA & HE 0w,
TLR2 73 7S SRR EAF R KK
MAERTTR . S0 O & PR R G e, XAl
55 5 JEAR VR AR S 0 B D RE A K

CD163 s&— i i B MR M 1 R R IA8 IS K,
WAENIIEFRE . BEFKI, SARS-CoV-2 JEGL
A IIMIE CD163 7K P- 23 L, w] DA SR FRAE
RERAERS. AS FIFEZ RS CD163 ZCHHN, X
TR N2 BT A A& — M ORGP R R P SR, 2 I
WEFERE T IX— WA, BHRFERI 1 ARSI Ok Bl L
fil, HESE T CD163/6k % 1% F ¥ -1a Chypoxia-
inducible factor-la, HIF-la) /I W FZAEKE T A
(vascular endothelial growth factor A, VEGFA) {55
BB E VR B AR B, 15 R JORE S N AN BE
Hugsh, U CD163 #5377 LA 3 Bk py 57
AR I TR B S B3 R BO31 - AT T I G i 4
REIR, CDI163 FIEM) L HEREE OB A 5
20 M AR DGR B IR, BRI, T 400
LA SZ A RTE T 4. RIRE R L A0 .
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e PR i e L S 20 I e 2 v B R4
FAL, AR BRI 25 1 3BT 2k, B
KHESROTB AL RE, SRTHAE AS H IR
RAFENFE AP K. FL b, ORI i A8 i it 47
P M8 A 2 D REBH IR A IR B3] e R
RE S NIBH, 2 5N IRSERZ I B 5 3 T 4R
ARSI MRETAE T RS S AS TERG
BERE . PEPU R B Ak R AR TR U A R . T i
TPE T 40 SR T 4 LA 2402 A N B 5 S
ROFHTH) T 4V, HAE ST AE S AS
R B OGRS, AL, 1 BN T 6 Ji 2 E
f) f BT AT 8 s, b R R 4 Y Ak T 40 B A
(neutrophil-lymphocyte ratio, NLR ) #& — Ff 55 ZZ ) 4
KEAEYINREY), ARSI AS ACo I A XU
JARFET 269, GSEA 7T E 48 7 438 o h 4
PR EGS REMEATERIGE, RSCHF T CD163 5
BTN JOIE LS K 5% KBk . LAk, GSEA 7p#fr
7R CD163 i S0 BRAET-AH IS, XAk i agidt 40
NORE PP VEE T A R i o %846 55 ROS T4,
DA IL-1B+ IL-18 45 5 VEAH B R =y ik 4, aX T
A e HAMED) AS HERE I LENLH o

CIQOB 4l Mk Clq ' B #E I HEM, Clq
AMA R TR B DUARAE B el il 7% AR B Ak, Hod
JEE R AMA TS 5 B m PR T R B T AH G, X 5
SARS-CoV-2 i #L AL FR AR AIE 1 i 2 IE A8 — B
VD9 9 AMA IR 5 S ARl Jsd 73 75 R R 41441,
Clq 7225 AS iR, FalRESER kS &
fEEF IR U rp Rk E B E N, [, Clq 1)
Kis g5 MBI ENRE E (low-density lipoprotein
cholesterol, LDL-C) 7K~ S A3 i i [ 4 R EAIS), 4
PR AT 45 R AR tH C1QB B 5 KT AH ORI
REME, KA SR G g% R BLPEAH B AR Bl 12 7 1
RIS E RS . GSEA /4R, CIQB FFES
EBEREACH . SRR S 44 R AR
LAY, R TIE T el R B As . N
X USRS SETT R AS HERE .
3.3 FBEFNEY P2 ERGIA SARS-CoV-2 B AS
HRABEDLY

AS JEHBE R HIENE, KB D) RE Sk E )
— MBI, JRAREARSEZ . 7 2 AS AA
iz O EE R, HE5ENS 48 Rg R4,
WO VA ST S 3 5 7 i o AR 2R L B %
JRuol, “3g” mIRIN R S A T B HE

RS A5 BT BN A AL P, BRI 3B LR
CPREEEUR”, UCNERR A, | ZEFETKIE 2 FEAS i
LS A o S BN P [ TS UL ST e e ]
FRYERL . TR ERERAH IR “HR” TR AS 1)
FUROCEIS), M, RN, IREEIKE, LA
Bk AR e . SRR ARSIk E, R
BAb K, dE R R o A RN & K2 g%
YRR 2 T R BB AR TR A v T IR R 22, Ry
MR TR AS SRR R DR BN TR
MISEAS, SRTMHATER . CRIX-BWSEEY A5
CRMEA 2 A e ATk, EEmAZE, B
TR 7, T R AR 1) 2 ORE AT R 2 AS 1% K1
PERRETIR UGS R R 5 AR g4 () S Bl . 2%
b, AS ANESRESE P, RELLVSURE S BIRE 9 AR SEN
FEFT 2 G B P MR T AW A HTRE R
G 28 98 i AH S A% O 25 DR BE [ TN (1) Fh 245 Th 3% 5 Bk
B A A

FE T A% JEE DR 0 21 v AR 28 24 3 B 4
NEL e, B, HIa. =R N4RSE, Hdf
JIE N ERRE X LA 4L R -1 (monocyte
chemotactic protein-1, MCP-1). il f[a] %k 5 F-1
(intercellular cell adhesion molecule-1, ICAM-1). Ifil
AINKR- PN R 4R 5 B 4 71 (platelet endothelial cell
adhesion molecule-1, PECAM-1) Z543¥, #i#il| &1
AP NF-«B I RGOS, 5% AS gEREEY; Z14842
BUM AL R AT A R AS KB IL-64 IL-8,
TNF-a S5 5 K 17KV, Bk A SO B, 15 Bk
AH BEPY; Z A M TE RS BT AS FIHLH
FEEWREA T MM S & e 5% R 2k STy
M ARZKFAE 96121 244 Z2 B8 Toll #3244 #i17) (1)
FFIVE R, R ReA 2k AS 3t Hh i 28 40 i
Rl R T8 I R 35 B S T R AR PR R s — e % 24 1t
T X PR AT AR A R A AN 2 ORE T R A I PR E
FH 5 [RIESE 38 o] DA 280 048 I 2 6 s 2 541 il 1)
(I Pl B S 25 [FIRE RE 8 I8 O PR R E /R S, P
B GEEIR IRV AS B8, TSR 35S
H AT H0H] TLR4/NF-xB {5 5l B0, 4K TNF-a
I, AE BRI SORE R BE, 8 52 e e R AT ),
RAMSEIR R IN, =2 20 B a6 40 i A %
YERR B4 DI RE AT SO, 0% B B Re 8 A
AT Apo E FEFIERFE/N R AEA R E KT, oisi i
WAL Fabr, MENEEBRATAY) X %4k J LDL
A, RIETL AS BIFERBT, /N T A 9
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Sk TR DU R o SR T R A A . o SR A
T4 EH TR e S A il 55 T S A B T 0 KR
AS EE TR 1 B8,

gt i 2] F EAFE N BAT . B
AUBASE,  FLrpofg 5 L e I S R K, o
P 2 2 T B8 S 9800 S8 Ak LB 5 R FE BT AS 1E
FHB%) - B AT 2 BB T A Ud e PR 5 2 — 4
& & (inducible nitric oxide synthase, iNOS)
IL-6 7K-FAMEHE IL-10 [FIRIE RSO0 i fHRS
AR AR B PE Z R FE AT 4] INOS AT IL-6 3%
ik, HRANERERSIEIT K IL-1B 5 TNF-a & & HAS
E R AH AL, Tk SR 28 RE S R0

KFZ. H#HE. AR 0 5657
PSR 2GR ER, KPS I/K R A BT 1)
DNA {RI%0, [ RERS 2 2 FRAR IR S A Bl s 1
Rk RIE B EL02; 2 R u S O FUE SE R )
TETERC SR 2 B8 R B R AP L . X9t AS
WIFEF, A AL PT B 5 H0 6] 2 PR 70wy ¥
B A E AN G A O MR D RERS AR
RN T HIREF R, SRS,

WeAh, AHFFETI P CABEAS . BRI R
FNRFMIHERBRIE RS T B EIRIE H I AS“ 4%
KB BERFHREA0), Hd, BRI h iR
HERARH . BRIRSE RN A MR A %2 ik
XTPT AS BEJROO; BB AS JORE R B2 Bl
FHRREF AT 5-O-H B 4E T PR EE A7 SEILY, 31X 2 Fhig
PERC> e 9D AR B FE IR R B Coxidized low
density protein, ox-LDL) X Ifil 5 P 57 4 B ) 5 |
(10 98 A SR T, (RN AL PR 2 4 6 28 B 42 2 T o
JULAH 3k 5 BA HE 07 o) Fom e R . 1 N e 3 i o 9
W R LR . LA BRI [&
IR AERNEOR DT AS FEROS. HHT A “ K7 iih
AS BFHEUD, RS A B P EEZiBA AS 12
fta Z AL

BE# SARS-CoV-2 Ji & AL 5, HBUIRE
FEBEHRAEIZHET N %, 1 SARS-CoV-2 BLry K1)
W 22 Gt LA MR 520 KR8 5 5%, BR T X SARS-
CoV-2 YA 5 BB ANGTT 4h, AR IF0E
HRAE 5 BUE FIFHE A CEFEE . A EIR
T SARS-CoV-2 BB N UlF, MG 98 hE A FE
RIT SARS-CoV-2 J&YLFE T AS HEEAH CHL .
IR, SE T2 08— 25905 2 KRG A%
RN Z 1, B REB. AR BUR, SeEi

R 5 4 R YRR b B2 24540 SR At B N0 o

RTT R, T HE T AYE B UG i ik Hh 245K

FE P B UERA b om0 %o Tk BT R HE o) AR

iR T HIm RS T 2
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