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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease. Epigenetic variation plays an im-
portant role in the pathogenesis of SLE. Studies have shown that abnormal DNA methylation oc-
curs in various processes of SLE development, regulating the expression level of related genes.
Therefore, the search for the key genes affected can help in the diagnosis and treatment of SLE.
Firstly, this paper downloaded Gene Expression data and DNA methylation data from Gene Ex-
pression Omnibus (GEO) database, and used bioinformatics methods to conduct differential anal-
ysis of gene expression and DNA methylation data in peripheral blood mononuclear cells (PBMC).
The differentially expressed methylated genes were recorded as overlapping genes between dif-
ferentially methylated genes (DMG) and differentially expressed genes (DEG). Functional enrich-
ment analysis of methylation-affected genes (mDEG) using DAVID database. The STRING database
was then used to construct a protein-protein interaction (PPI) network to obtain key genes in-
volved in SLE. The hub gene was then evaluated using receiver operating characteristics (ROC)
curves to verify its ability to distinguish SLE from healthy controls. Finally, we constructed a hub
gene-mirNA network and functionally enriched the shared genes.
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1. 518

RGO BIVIESLE)E—FE M. ZREN. B R VEREEE, A 2 MG RR IR 521
RIRFMBET-F[1]. 2022 4F SLE AKIwF AT R IR E o, 2B SLE AJwFy 0.0051%, #ifiiz A
TR RAITE 40 JTN; ABREBIREZ 4.37%, 105250 NBFREAELE 341 J1N[2]. ik, HOEEFRA R
(R A b S AT B SRS I A T ¥R 9T

HHT, VF 20 AR B R MBS (E CFE SLE 75 PN I — 8 [ By Gy 14/ 9 i 1505 (1) A I AL | o o 2
YEHI[3]. DNA FH Ak i = D BE A2 U 19 BT IR SR R34 [4] [5]. SLE A% () DNA H AL S 8 f i
JK[6]. AWFFEET GEO i, (S THME R MR FRIAE G . DNA FEG R 3047 2 =40 #rs
T DNA AL FE R B, 3 — 20 70 b e i W B AL 22 e A BE R ) A2 W Dl e, JRBd SR A - e
JRAEAE R (PPMIZE /34T, BbAh, FRATHIHA GEO BdaEx) hub PR f 238 F1 H AL /K P HEATB6AIE .

2. M5 A%
2.1 BHEkRIR

FEH R IA L5540 E (GEO, https://www.ncbi.nlm.nih.gov/geo/) & —/MELEHE B, $2 Ak 4 1 i) 2 R 3
A s . 75 GEO B Erf, FRAZR T 40 L 5k 40 i 1) 56 X % 14 1 H 5 4 GSE81622 I DNA H
B R RS GSES2218, H i 30 L E RAMA PG EE T E 15 LEEIIEE R, 156 44
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SAIRIEE R)M 25 LA @R IEZH, DNA FIEAL % #dE 4 GSE82218 %= GPL13534 - (lllumina Hu-
manMethylation450 BeadChip); &[RRIk 1E44E GSE81622 3T GPL10588 “F- 4 (Illumina HumanHT-12
V4.0 expression beadchip).

22. ERPEMMFRIEER

T2 2 2R AT 22 7 i e e SLE AHSCEER. A R AR Y limma B 7341 SLE BRI RIA
B, limma & — PR T SCANERRRY ) 22 R R A R % 7 0. B log2|FoldChang|>0.2 , p < 0.01 A%
ARFEF L. ChRAMP i H] T 450 K 1 850 K (1) AL E 0 704, A% A ChAMP 01U 22 5 FR SRR AL
B, [aAB]<0.1, p<O0.01#\ 02 “ERIrdE" .

2.3. HEEEE S

GO il % & 24 AL % 41 i 7543 (cellular components, CC). =413 #% (biological process, BP). 43 1-1Jj
ft(molecular function, MF). FU#SIE R 53K 20 H #1415 (Kyoto Encyclopedia of Genes and Genomes, KEGG)
e MR PETHIR, F T I S R SRR A B KU oy TR AR S T T R m T REANVAEY) R G
DAVID & —MEL e LA, AT KEERKEEDH[7], AMEH DAVID fEL i, & HEair
H i EYEH p <0.05 MIbRifE.

2.4. PPI LRI+

E AR - & AT EAF FH % (Protein-Protein Interaction Networks, PP H 85 (3@ i 4 2 [a]4H 5.
1B R B, AT BLFH Ok R 1) % B S DRR E BB B [8] . A 2R AH HLE 2R R 19 &R T A (STRING,
https:/string-db.org) B /& — AN 4 BR IR, $-4E T PPI IEGAEABINME B . AT STRING Budi
27 % DNA FIEAL R () 22 5 3L R (mDEG) Y PPI 4%, {1 Cytoscape 1] CytoHubba i1 ff & et
A

2.5. EXMSH

PR E AR AR IL R IR, B 2 AR IR EE R, BTl A 2R TT DNA 5k
SR RIE L (8] I RIRREE o HH R R B RE NS W AR B 2 (A OGS R AR FE I G TH 4R b, B IHUE T 2
[-1,1], MEUER 0 BHRARAHESE, MEUEN[-1,0)I FoR FUAHDE, BUE[0,1]8, WIZFIRIEAHG.

2.6. EAHM GEO #IFEIIT hub EE

AT FHAD B IO UE T AX A R R IA RN H ALK . BRI RIAEHREE GSE45291 B & 292 4>
SLE 1 20 /Mxf HEFE i, FH T ERUEAX AL BE R R IA 7K1 . H] DNA FEEAL i 55 GSE96879 Lo il A 4 5 4]
(K3 A 364k K, A4% 57 4> SLE F1 33 NAFIEZH . 4t 2HI, 18 Student t A 30BEAT Gt 22 3%
P, FH p<0.05 B ARG A EER . FERIH pROC 4] ROC Hizk, ik Ff AUC fEill k3%
TN W R R o

2.7. RBERE-miRNA MLERHE

FA1MEH NetworkAnalyst (PMID: 30931480) % 4f & >k Tl S B 2L K 1) miRNA. K hub JE R A
miRNA 4 Z|iH M4 o, F£4 ] Cytoscape A4 Al 44k . {4 Fi] mirPath v3.0 T
(https://dianalab.e-ce.uth.gr/html/mirpathv3/index.php?r=mirpath) ¥ 3£ K AR (GO) 5 #71, AT T T miRNA
IVER, 164 p < 0.05 ()42 2 1.
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Figure 1. DNA methylation analysis of SLE and control samples
1. SLE 5518840 DNA BBEL SR

3.2. BEARESH

FERE R IX HHfa 4 GSE81622 i, fdi ] Limma fLHR4E B B log2|FoldChang|>0.2 #l p < 0.05 fifiifk 7 5
FIKFEDR, FEEEH T 916 A2 R EK(DEG), HHr 342 A B, 574 AT (K 2()fEl 2(b) [9].
DEG F1 DMG HUZ2 4, FRATKIN 29 AN Fe A2 fa F AL AR R I8 (Hyper-down) (151 2(c)), 19 /MJEPR 2 % H &
¥ 723% (Hypo-up) (1 2(d)). Hyper-down %[ ) CpG ir 4% & BH [X 38 43 4 9 1stExon (4 /M5EH). 5'UTR
(2 MER). Body (21 ML) TSS1500 (4 MFEH). TSS200(9 ML) (1 3(a)). CpG 7 5.2 4 £E Hypo-up
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(7 ANHEDH)FI TSS200 (MMEEE) (151 3(b)). S5 RFEH, FpH HIEAFRIAER CpG Air il 3 2504 £ Body
X3, #5278 Hyper-down £ 1. Hyper-down ) CpG fi7 ifE 3UTR XIS A HAE 5'UTR [X 4 K& i
/b, Hypo-up 2 1) CpG i S 7E 3UTR X A& /b .

3.3. IREE&E T

# 29 4 hyper-down AT 19 4™ hypo-up £ [K 5 N\ DAVID ¥4 FE#ET 4047, hyper-down 2 [K7E GO-4=
Y FR(1E 4(a)), B E 4R B G AH O @ ER R T AU LA O FRd s, 5] G S s S ML T A R TH 52 AR5 5
M RPN - BRI R A S, T S T 94U SmssE; KEGG il &4k
SEREIR(E 4D), KZHEHFIMRRAER S5 AR S ErE, D50 BRI RIA R F
51 BUBE PR FEAEIATE AT B B s FR IR A O
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Figure 2. Gene expression analysis of SLE and control samples
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Figure 3. Abnormal methylation of differentially expressed genes based on CpG in different regions
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Figure 4. Functional enrichment analysis of the mDEGs
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18] STRING i 224 152 W R4k 520 1) 22 S 5L IR (MDEG) f PPI (4%, 31 F Cytoscape #cf4- AT #iAL,,
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3.5. FEMFIESERFRIAFHENEX TS
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6. REMNIHIES EERIEFHEMEX KR

Table 1. Highly the spearman correlation methylation characteristics and gene expression characteristics

1 BXMESHRENRIES EE KA

Expr Methy cor_r cor_p

IFIT1 —0.402958152958153 0.00228660723089515
0OAS?2 —0.532900432900433 0.0000280864389398166
IFIT1 OAS3 -0.556782106782107 0.0000101237129920682
RSAD2 —0.504689754689755 0.0000852354474283692

USP18 —0.624819624819625 3.42069749423658E-07

IFIT1 —0.425556477783335 0.00119945871933595

OAS2 —0.58660124862301 2.52130209930062E-06
OAS2 OAS3 —-0.518308741633874 0.0000504879942019649
RSAD2 —0.514448573515629 0.0000586997427293386
USP18 -0.646018976573938 0.0000001001336334157
IFIT1 —0.500586229991788 0.0000993754008849136

0OAS?2 —0.561698443425493 8.12480274848176E-06

OAS3 -0.615234762631879 5.78765034442742E-07

OAS3 PRF1 0.409270235832589 0.00211949370567848
RSAD2 —0.559317448096907 0.0000090420480466206

USP18 —0.563718681886112 7.41506087022701E-06
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Bk
IFIT1 0.678740214735136 1.23308564933525E-08
OAS2 0.552436956959665 0.0000122606610576225
OAS3 0.496590786426552 0.000115178712065853
PRAL PRF1 —0.615880155970809 7.15830445327736E-07
RSAD2 —0.559317448096907 9.75561053189247E-08
USP18 0.492153396907448 0.000135404416842304
IFIT1 —0.425324675324675 0.00120769805047523
OAS2 —0.551587301587302 0.0000127245423259573
OAS3 —0.56991341991342 5.58142085612585E-06
RSAD2
PRF1 0.312902611015819 0.0212375678141027
RSAD2 —0.524603174603175 0.0000393327895291452
USP18 —0.600649350649351 0.0000012468951432932
IFIT1 —0.649350649350649 8.1838347409425E-08
OAS2 —0.751010101010101 4.00094438875713E-11
OAS3 —0.657431457431457 4.96498818827475E-08
HSPLs PRF1 0.430226796264532 0.00116599960868137
RSAD2 —0.524603174603175 0.0000393327895291452
USP18 —0.795743145743146 3.88749316210791E-13

3 IFIT1.OAS2.0AS3.RSAD2. USP18 i [l Hl 4k 7K ~F- i B IK T 15 X B ZH (1] 7(a)) - /£ GSE 45291
PG ETF ) mRNA KT, SXFRAIAHLL, SLE 41 i) PRFL JEX 5.3 R, IFITL. OAS2. OAS3.

RSAD2. USP18 ¥Ji2 2 L (&l 7(b)). XL Rt —BuE i T PRFL & AR A N Rk, L
J IFIT1, OAS2. OAS3. RSAD2. USP18 2K H HEMARE FiERk. FFFIH pROC M4 ROC
ik, #i5E hub JEF P2 E. R4 ROC Mk Eor, 6 NMERFEM AUC EIITE 0.6 DL E (] 8(a)FT
8(h)). EAHIX 6 ANNEERI AT LLR Y SLE BICHEIEA, IFA RIFMiZME, v LA e17E SLE
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FIFH NetworkAnalyst 4 /2, it Cytoscape B FHIE T miRNA-hub LK /4%, %M 4% G135 6 >
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hsa-mir-212-3p. hsa-mir-221-3p. hsa-mir-452-5p fll hsa-mir-449b-5p. #% )5 fdi Fl mirPath %} 8 4~ miRNA i
17 GO ®4, KIIXLE miRNA HILIReS 5 0d . toll FE2 4@ (14 9(b)).
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