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Abstract

Objective: To analyze the common differential genes, common pathways, immune mechanisms
and potential drugs between rheumatoid arthritis and acute myocardial infarction based on bio-
informatics. Methods: RA dataset (GSE77298) and AMI dataset (GSE66360) were downloaded from
the GEO database, and R language was used to screen differentially expressed genes (DEGs) in RA
and AMI datasets. GO and KEGG enrichment analyses were performed for DEGs. Venn diagram was
used to screen common DEGs between RA and AMI differentially expressed genes, and CytoScape
software was used to construct PPI network of common DEGs to identify the HubGene involved in
the occurrence and development of the disease. HubGene was validated on an external dataset.
KEGG and GSEA enrichment analysis were performed on HubGene and imported into TRRUST da-
tabase to predict transcription regulators. ssGSEA was used to evaluate the relationship between
HubGene and immune cells. Key genes were imported into DGIdb database to find potential the-
rapeutic drugs. Results: A total of 250 DEGs were identified in the RA dataset, and enrichment
analysis mainly focused on immunity, chemokine activity, and cell secretion. A total of 438 DEGs
were identified in the AMI dataset, and enrichment analysis mainly focused on immune, inflam-
mation, infection and other related biological changes. The key gene IL1RN was screened out by
CytoScape, and the KEGG and GSEA enrichment analysis of IL1IRN showed that all of them were
enriched in the NF-kB signaling pathway. The transcription regulator NFkB1 was predicted in
TRRUST database. Four drugs were obtained from the drug-drug-gene interaction database (DGIdb):
methotrexate, diacerein, tinzaparin sodium and haloperidol decanoate. Conclusion: IL1RN may be
a predictor of AMI in AS patients, and IL1RN is negatively correlated with NFxB1, thereby affecting
the expression of NF-xB signaling pathway. The expression of IL1RN is correlated with immune
cells. Methotrexate, diacerein, tinzaparin sodium and haloperidol decanoate may be potential
drugs for AS complicated with AMIL.
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1. 5|

ProE, 214 By 1 9OREPE 5 (CSIDs) 2 KA 5 11 %8 (rheumatoid  arthritis, RA)S G4 2O L
1 %E (acute myocardial infarction, AMI)7E P F 5 I O 0L/ S5 PR JXURSE 3B AR 9 [1] [2] - 18 1 48 0 B HoAH 9%
B0 FE5E A T RERRRS AL NI ELR AN AR A 2 4 i DX 1450\ v /2 CSIDs [3] [4] [5]+0 ML
KR DCHARE . — 5 meta 2 HT 614N 24 T EEMENF 7T, 3% 111,758 fl 3, 4582 RA B
TSR IE AL T IR 5 ik %% (coronary artery disease, CAD) XU Lb— M N B R 59%. 24 B kAL 45 2k
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CHIUREBELE 9 (F el ARSIk IR, 45 CSIDs (¥ 58 & I TS LA 1) R 3 s 22 7). Bl 5 T 1 AR (1 AN I
RIERFED, W IE IS 70 2 7 R 1k 5L K (DEGs) K I ik 505 (0 ik 3k 2E W bn B, NIRIR HIIRTT 7R IT o8
B8] EXTM T, EFHIBEBLEDG LM RS A, H50 GEO 2l 1E+ RA 5 AMI 2%
MEESE, R RA 5 AMI P HXEE R AT B R0 B2 Wi T R AL I AE 1S B2k 8, JRAF Ml
Yikr EAE 5B T BeE B TR RA 5 AMI Z [ [BE &

2. BIRER*®
2.1. HIEWE

NI K| 2 15 2545 FE (Gene expression omnibus, GEO, https://www.ncbi.nIm.nih.gov/geo/) [9] N % RA ZE A
FikBE4E GSET7298. GSES55235 1 AMIAEMIKGIELE, GSE77298 1145 16 ] RA JE AL ZUR 7 5 1E %
NI, GSE55235 7 10 1 RA EIELL LU 10 #] IEH AN EA L T AMI R RIEHIEE
GSE66360. GSE48060 1F Aillit S FIIIF4E, GSE66360 U7 49 15 AMI i3 41 J 173 55 PG FF 4 Bz 4
JfLAIT 50 451 1E 55 A\ &0 143 85 H A A 9 B2 41, GSE48060 £ 31 41l AMI H 25 41 ILREA AN 21 451 1E
NAME MAEA, GSET7298. GSE66360. GSE48060 15K H T+ GPL570 &5 /1 &5, GSE55235 2K [ T+ GPL96
SHFE.

2.2. DEGs Tii%k

FIH RBSHMATH “limma” f% GSE77298 1 GSE66360 %i#is 43k /T hru AL AL 3, 15
GPL570 V- & B 54 B i £ A 4 Bk, BA|logFC (fold change)| > 1 A1 4 J5 [¥) P < 0.05 Jy fifi 1% A
ik DEGs. 4% R iES “ggplot” 1 “pheatmap” f4 i J 1l A # B R . 4k B oAt
i1 3L [F DEGs.

2.3. DEGs ThEEE & #fr

FIF R & AE “clusterProfiler” fL[10]%) DEGs #4775 3 Rl A 44 i (Gene Ontology, GO) AN 5t #f5 3 [R Al 5
IRl 4H 7 #H4:F (Kyoto Encyclopedia of Genes and Genomes, KEGG)Zhfit & 4 70 # . GO 434743 B WA i 74
(Biological process, BP). 4 it i 7> (Cellular component, CC) i1 41T & (Molecular function, MF) =N 43 it
T84, KEGG 73 i) DEGs #HAT(5 S ilEg w4, 70 AXSHRT HIHT 5 Az 2R K
2.4. EAKRSEARMEE{ERAML (Protein-Protein Interaction Networks, PP1)#J%E

H 7% R K] DEGs S\ STRING I 3ifi(https://www.string-db.org) [11]PLEE& 1540485 0.4 1 N B AR
(R I e 2 At 34T 20 T 345 PP N Z% . i) Cytoscape [12]% 447 ) Degree (42 ) k0t PPI W48 #E 4T 54
LK (HubGene) % 52 .

2.5. HubGene S ER# R 8258 iF

i 1% 1 ) HubGene £ GSE55235. GSE48060 i fli4E50iE . A% 5 1 P < 0.05 AL &k, i2H R
B SR “ggpubr” TR RIALALBE
2.6. FURME SEBEMNE SRR T

Pl HubGene RIAE M T KEGG B £ K IR & %5 H71(Gene Set Enrichment Analysis, GSEA)

IS NBE IR 1A% WA 48 B s 1 (Trrust)  (https://www.grnpedia.org/trrust/) T B 8 2 4% 00 3 ] 1 3 55 R -7
(transcription factor, TF) [13].
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2.7. HubGene 5 % & 4ARAREK R X 5 4

L HubGene F AT 5L A R 18 2 “GSVA {07 HEAT 28 F G e 1 A D4 7 453 7 (SSGSEA)
[14], VPR

2.8. FMEEDY

DGldb 7£ 4 ¥4 F (https://dgidb.org/) 544 7 I 30 Z MR Eh 25 SR TAE L R, 32
S5 N DGldb ¥ FE 123 HubGene 878 AH HAE FH 2591

3. &R
3.1. RA 1 AMI ZREFHFFE

RA i L% e H 250 4~ DEGs, A& 163 4~ FyZ R 87 A~ NiAEK .. AMI Bsd it % e
i 438 4~ DEGs, H A& 344 A LRI 94 AR SEDE o 3 A 4 B % 5 H AR 11 14 MACEE R
[Kl, 4»%iJ& ILIRN. CCR5. TNFAIP6. GCSAM. CRTAM. ZNF382. MEST. TREM1. BCL2A1. RGS1.
KCNJ15. PTX3. C150rf48. LILRB3 (& 1(a)~(e)).

3.2. DEGs ThEt E&E S HT

X RA ##54E DEGs #£1T GO M KEGG Lifig & %70 #r: GO ®E 5 BP HHCH) £ L PR T
G955 BRI [ 768 5 R 446 A A) 28 11 4 28 2 A PR 240 i B 21 14D 335 7 4 97928 I %5 (adlaptive immune response based
on somatic recombination of immune receptors built from immunoglobulin superfamily domains). /13 P45 25
%1z (sarcoplasmic reticulum calcium ion transport). i % (tooth eruption)&%. 1 CC AHICIH = EEEFLENL
JREF 4 (myofibril) . AT 274k (contractile fiber). LS ZF4E™7 (sarcomere)&%. 5 MF HH 5 32 ZAE Hh R R
JlR T R Ve 1 (adenylylsulfate kinase activity). it 5% #2 B M (sulfate adenylyltransferase activity).
T R I 7 T 6 7% Wl (AT P) 75 % (sulfate adenylyltransferase (ATP) activity)2%. KEGG 2 & 4 (1138 % /2 J 5%
Z7h Wk (Insulin secretion). & B2/l (Gastric acid secretion). Jlig i 40 i oI5 i 23 iR ¥135 15 (Regulation of li-
polysis in adipocytes)25 (/4] 2(a), & 2(b)).
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AMI RA

424 14 236

)

Figure 1. (a) Volcano map of DEGs in RA; (b) Heat map of DEGs in RA (P was the patient group and C was the control
group); (c) Volcano map of DEGs in AMI; (d) Heat map of DEGs in AMI (P was the patient group and C was the control
group); (e) Venn diagram of intersection of two samples

1. (a) RAZEZRERFENWE; (b) RA ZEFEREREP AkimAE, CAMRA); () AMIZFEREANWLE; (d) AMI
EFEERE (P AKRRE, CAHNELA); () AHEAREFTERE

X AMI ##i 4 DEGs #E4T GO 1 KEGG Dfig & S #r: GO WM 5 BP HH5< i 32 B4 th 7 X
G 2 ¥E 11 M. (response to lipopolysaccharide). X4 B >R 7 1) ) b (response to molecule of bacterial
origin) 40 L [Al-F 7= 2B 1 IE [7) 1 55 (positive regulation of cytokine production)%%. 5 CC #H¢f) : BAE P 1
=2 ki (tertiary granule). 23R (secretory granule membrane) . #5571 Bk (specific granule)%:. 5 MF
FHIR ) 3 A rp e AR TR 1) 3244035 2 (pattern recognition receptor activity). 4 Bk [ 45 & (immunoglobulin
binding). #¥% 52 /3% ¥ (immune receptor activity)2%. KEGG 32 & 4 /1138 % J& NF-«B {5 51 2% (NF-kappa
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NF-kappa B signaling pathway -

IL-17 signaling pathway -
pvalue

TNF signaling pathway - 5.0e-08

1.0e-07

1.5e-07

Osteoclast differentiation -

Leishmaniasis -

(d)
Figure 2. (a) GO function enrichment analysis of DEGs; (b) KEGG function enrichment analysis of DEGs; (c) GO function enrich-
ment analysis of DEGs; (d) KEGG function enrichment analysis of DEGs
2.(a) GO BEENLER; (b) KEGGC EENELER; (0) GO EENITLER; (d) KEGG EENTER
B signaling pathway). IL-17 1% 58 (1L-17 signaling pathway). TNF {5 538 % (TNF signaling pathway) 5 (/4]
2(c), 2(d)).

3.3. PP PBIRR4DE B HubGene ¥ 7E

BAZEFN SN STRING $¥i 2, #IELZEE1ED KT 0.4 S HEIER PPI L, 1ZM&ILH 14 N5
RUAT 6 ALK PP 2% (1] 3(a)). fiiidk Yy 7 AN3E K 4 %) /& CCR5. ILIRN. TNFAIP6. CRTAM. RGS1.

TREM1 CRTAM 31

24 Deagep
[0]
9} 2.5
o 2.0
I e 15
14 1.0
PTX3 H 6
0_
P > 0 D N N %
¢ & £ & & o F
RGS1 & L
(@) (b)

Figure 3. (a) PPI network diagram (The size and color of the circle in the gene represent the importance of the gene); (b) The
module with the highest score in Cytoscape’s Degree algorithm

3. () PP1 4B (EE FFrE EBR KN UARB B R XK FREZFWEEM); (b) Cytoscape B Degree EiAF BN &
S RIRER
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TREM1. PTX3, iiid Cytoscape K Degree H ik %153 %] CCR5. ILIRN & HubGene (/4 3(b)).
3.4. HubGene SMERE R SR I8 IF

fifi 12 H 17 HubGene 7 GSE55235. GSE48060 #5450 1. LA #EJ5 11 P < 0.05 Nffiik 5. &5 R
N, SXTHEAAHEE ILIRN 7228 KGR G 1T 2 M St D JUUBESE S rh iy 2k BR(1E] 4(a), 4(b)), CCR5
FE 2 O VBB AT B vh ik o s B 1 2 7 (B 4(c), ] 4(d)).

group Bl P BE C

IL1RN

group
(a)
group HE P BE C

CCR5

group

(b)
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group Bl P BE C

*kk

9.51 .

9.0

IL1RN

8.51

8.0

7.51

group
©
group B P BE C

ns

9.0

8.51

CCR5

7.5

7.0

group

(d)

ns NIGEEM; "P<0.05; “P<0.01; "P <0.001; P <0.0001.

Figure 4. (a) Expression levels of ILLRN in GSE55235; (b) Expression levels of CCR5 in GSE55235; (c) Expression levels
of ILIRN in GSE48060; (d) Expression levels of CCR5 in GSE48060

4. (a) ILIRN 7£ GSE55235 H15%3A7K ¥ ; (b) CCR5 7E GSE55235 FERiAKTE ; () ILIRN 7£ GSE48060 HFik/KFE;
(d) CCR5 #£ GSE48060 H3RiA7KF
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35 MMMESERREFRBIZET

PAILIRN FIiA T IL/E GSE66360 Hi#t4T KEGG. GSEA & KEGG 2 & S 7E M 4 i i1k
(Osteoclast differentiation) . NF-xB 15 5 i i (NF-kappa B signaling pathway)- | {12 J% (Leishmaniasis) IL-17
=SB (IL-17 signaling pathway). %1 {£& (Phagosome) %5 (/4] 5(a)). GSEA - & %7 TNF-a/NF-«B (55
T (TNF-a signaling via NF-«B). THL % y N (interferon gamma response). #&3E /& M (inflammatory re-
sponse). #MA& ZR i (complement). & HEHE % [ M (allograft rejection)Z (/5 5(b)). # HubGene § A\ TRRUST
G PEFHIN HE NFreBL A 4242 0 3 PR ) %5 5% Rl -1 (transcription factor, TF). NFxB1 4% i A4 M 2t 4
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Figure 5. (a) KEGG function enrichment analysis; (b) GSEA function enrichment analysis

5. (a) KEGG BEDHT; (b) GSEA BESHT
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AR E-1 N S H0{5 58 3 518 % (negative regulation of interleukin-1-mediated signaling pathway). &
#(fever generation). 4% M2 (immune response). 5 28 4 g [B) Kl B 1 471 42 (negative regulation of hete-
rotypic cell-cell adhesion). ¥4 5z Jii #8 5 I¥) 5 W (response to glucocorticoid) (7 1).

Table 1. TRRUST predicts transcription factor of ILIRN
= 1. TRRUST FUR Azt OB E R EE R E F

T R EER ik P-value W Thie
fever generation;
nuclear factor of kappa immune response;
NFxB1 ILIRN light polypeptide gene 0.00512 negative regulation of heterotypic cell-cell adhesion;
enhancer in B-cells 1 response to glucocorticoid;

negative regulation of interleukin-1-mediated signaling pathway

3.6. ILIRN 5% & 4mAiEEK EaItE <o

PLILIRN FRE R4 R 1B S “GSVA 17 #4728 Fh Gz 40 i it st AL R 45 & S50 iy
(sSGSEA), 5 %7K ILIRN FE[H 5 2 P G s 41 52 IR AH G (14 6).

group [l 'ow B nigh

ns ns s MY M % ng M ns ns  f M pg M we e we o we x % ek e e we % e
0.751 o

0.501

0.251

Expression
Sm
o .
¢ —mm-
—— .
——
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O
il
I
LN )
O
-
——
—.—.
Mo

L]
. ® Ld
L] d .
0.00 .
L] L]
L]
-0.25
N\ Y N N\ N\ Y N N\ N\ N N\ Y Y N Y N R Y N N\ \ N
Q;f} «dz} & 0(..@\ ko‘z} (c?} & ,\GQ} «c?} & S «cf} Q)d"} o(’Q} ‘\ro%o & @%o Q;?} 04@ & «oe} &‘(\\ odz} 2 ‘oq} K 2 &c?} K
R AR o & Q 2 FOUINC 3§ & ) 2 o o
S &S PO F &S S LW IR RO, S S
E M R R R S o @ 3 & @ ¥ s A
WP EEE L & & @ & O L D S o
IS S PN T A NP S & T LTy & @ S
SR S S S SR R I @ & PSR S U
A R e e N &
X
& O F F <

ssGSEA

FkkKk

ns HIEEEM; P<0.05; "P<0.01; TP <0.001; P <0.0001.

Figure 6. ssGSEA
6. sSGSEA

3.7. FNEEDRY

B33 £ 53 N5\ DGIdb #2124 HubGene WM EAE 254, 3%]5 ILIRN M54
A H W04 (methotrexate) . XU 3 [X] (diacerein) . ik 43+ JH % (tinzaparin sodium). WKk K€ BZ (haloperidol
decanoate) (7 2).
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Table 2. DGIdb predicts potentially interacting drugs
7= 2. DGIdb iR EEFN R EIER A1)

HEIL A TEER EAE 25

ILIRN methotrexate. diacerein. tinzaparin sodium. haloperidol decanoate

4. ¥1ig

HATA T AMI 5 RA Z IR VI RAIAN I, BEE O BOR Jomi@ &N P EOR R R, 774K
EERHGE, @R R S OGN 2 MRS R, MR EH T AR, X OO MR A .
DRI, R0 22 57 R IA ) HubGene K Hor THLHIZE AMI 5 RA FIR R ALEIFIE & b A mEER .

AREFH, @ AMI AT RA HHRE R ZRIEF 58, GO\ KEGG EHESHTHIA 1 #RIE.
AR AN DR R 2 L R S AR X R K B R el 14 SIS AR AL, 43 )2 ILIRNL CCR5.
TNFAIP6. GCSAM. CRTAM. ZNF382. MEST. TREM1. BCL2A1. RGS1. KCNJ15. PTX3. C150rf48.
LILRB3; Jl it %} Cytoscape # 4 #4 A 4R LN ) PP (4%, JEBLIL B 24 HAEM 455 &, #5H ILIRN,
CCR5 y HubGene. #f—PEHiE ILIRN fESIESE A 25 Fil, 1 CCRS fE S O UM SEEIE S b G
ZRFIL, DX ILIRN #7081 K I NF-xB 15 530 F5 75 P Al 1) R Je i 2 OCEEFH . AR 7E
TRRUST H#/5 2 Tl Hi 54 55 1 F 5 7 NFxB1.ssGSEA 3 # & Bl ILIRN 5 22 il 6 328 40 o v B A1 5% . ILIRN
1t DGIdb Zds i v 2 b 15 21 H s . OSBRI T IR ER . SRR IE I DU A 2540

ILIRN & %ifid IL-1Ra fFEF[15], IL-1Ra A& 1L-1 S b it B B4 il 7, He 5K i il R B A4S IL-1as
IL-18 [16]. IL-1 BAGT 2 MDA, ki (Rt Rig. S5 RMERM., (Edh Dia. Rl
MR, IL-1ra RRrmtE IL-1 M), HRIEEUE &S RAERIEFE B VA C[17]. BRI K
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