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Screening and validation of key cardiac dysfunction genes after acute ischemic
stroke: a bioinformatics analysis
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Abstract Objective To use bioinformatics analysis to identify the key genes and signaling pathways involved in cardiac dysfunction
after acute ischemic stroke. Methods The GSE102558 dataset was downloaded from the Gene Expression Omnibus (GEO) database,
and genes with values of P < 0.05 and llog,FCI>0.6 were identified as being differentially expressed. The MCODE plugin in Cytoscape
software performed a functional module analysis of the protein-protein interaction (PPI) network ,while the CytoHubba plugin screened
for core genes. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were also performed. A
middle cerebral artery occlusion model was constructed to verify core gene expression using real-time PCR. Results = Among the screened
differential genes,385 were upregulated and 354 were downregulated. The top ten core genes were Collal ,Colla2,Col3al ,Fbnl ,Postn,
Col5al ,Mmp3,EIn,Acta2,and Timp3. The GO enrichment mainly involved the extracellular matrix,the collagen fiber tissue, vascular
development, and protease binding. KEGG was mainly enriched in protein digestion and absorption, the relaxin pathway,advanced gly-
cation end products-receptor for advanced glycation end products,and platelet activation. Real-time PCR verified that Col3al and Postn
expressions decreased in the heart tissue after acute ischemic stroke. Conclusion Col3al and Posin expressions may be closely associ-
ated with cardiac dysfunction occurrence and development after acute ischemic stroke.

Keywords acute ischemic stroke; heart; bioinformatics; differential expression gene; enrichment analysis
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7 v B BRAE T B N 2 —,
I PE i 267 (ischemic stroke, IS) 5 AT A6 H R 491
62.4% " A Z AR5 L0 L4 - 52 RE RIS ILAE
P2 194748 BYERSE ™ 2 YA il 1 952 955 7]
5 O WU 5 RO o M ot i P 375 A O
SR FE ML 7 S 0 O I SRS L 3 B 2 45
R, H B P R, A S EUO LR
s TICAE B B A5 55 22 AL o oK 2 42 e W, EL
It R L ik = A1 280 B9 12 Wi 7 06 A BT HE e, D9, 4%
AR AR O I R Y 23T AL, e s L2
W AR A B L

G Bt B S G R S AR A
BRI 73T AL b R AR AR AR T
e [H 2 1K 27 & (gene expression omnibus, GEO) % 4
Vi A AR B2 O I, WA B e S RIS
DR A et i F v Y 22 S 3R I8 JE A (differential
expressed genes, DEG), 251 5 D DI BEA 4 1Y & AR
DL BEHLB AR

1 HRE7®

L1 Bl TR

MGEOXL 5 % (https : //www.ncbi.nlm.nih.gov/geo)
T H SIS O U 2R GSE102558 , Ho i R
Jigi =P 301 ik P41 2E (middle cerebral artery occlusion, MCAO)
HARFARAZ DA,
1.2 DEGHfik

K FRIE 7 deviools i #E 47 3 B 43 43 M7 (princi-
pal components analysis, PCA) ; Limmail X 5L 3 17
#F IR, P <0.05 Hllog,FCI >0.61F A DEGHi 1%
Frife
1.3 HA - B EAEH (protein-protein inter-
action , PPT) [0 4% ) i J GBI PRI i i

F] I String ¥ 38 (http : // www.string-db.org/) ¥ DEG
HEATA3HT, AR B AR BEO.40E by 8 3 b, 3R A5 PPI
459, Cytoscape 3.9.08K 4 () MCODEAR % PPLI 4%
AT REBLH 3T . B Cytohubbadffi {1 Hh BFYMCCHE:
2%, TR PE AT 10N A AZ ORI
1.4 DEGHFEHFAAE (Gene Ontology , GO) FIETHRRE
AR R 2 2 (Kyoto Encyclopedia of Genes and
Genomes ,KEGG) & 425347

GOE 440 7 4= W) 1d 2 (biological process, BP).,

2 ffg 2H 43 (cellular component, CC) F143F 2 g (mo-
lecular function, MF) . KEGG7E 43 71 # 7K “F-#F
FEREAE MY AL YRR B FHDAVIDER 3R 1 (https 2 //da-
vid.nciferf.gov/) #EAFGOMKEGGE %43 #1. P <0.05
hERBGIERE L,
1.5 MCAORRHIEEST

6~8JESPFHLCSTB/6THEME /N, R H20~25 ¢,
W) [ 117 BE AR R 2 S 6 Sl v A 98 354 1L P
R R BRI B A (IR R
DW2023019) . MCHOZR 1% L L 224 (80 mg/
k) B M SR IR T /0N BRL, AP RS [P 2 o S8 45 e T 75
Je AL FP ) T, 43 B 2E M3 S A e 30 N Sl ik , 4%
FLEAL 30 Bl kI A 300 B Bz v = A 43 AR AT
— 1G4, TSk e e PR 35N Bh ik , 76 3R S ik ey 1,
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1.6 HILIREPES
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20 ZE W S5 A ] BT A0 3 46 5 534 (frac-
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e S Al B FEMS S % SR B RN A S %
FcDNAJT , {4 F2x Realtime PCR Super mix A7) &

HEA TR FGRAGI L B-actin g NS, 275 SRR B
R ERIIE SISIibEES S SN CIE7 S eI IES I

F1 597
Tab.1 Primer sequence
Gene Forward primer Reverse primer
Postn 5’-TTTACAACGGGCAAATACTGGAAAC-3’ 5’-GATGATCTCGCGGAATATGTGAA-3’
Col3al 5’-CCCAACCCAGAGATCCCATT-3’ 5’-GAAGCACAGGAGCAGGTGTAGA-3’
B-actin 5’-GATCTGGCACCACACCTTCT-3’ 5’-GGGGTGTTGAAGGTCTCAAA-3’
110 et PCAZER 7R, 2 FEAR [ A B S A OO 2 3R

K FGraphPad Prism 8.0 244175048 45 11-2#
REBRPLZ IR BHE VX + s8R, 21 1] Fb s R FHG 56,
P<0.05h2ERAGIHE XL

2 HR
2.1 MCAO/M 24 W5 D HEHZADEGER L L
40 -
3 20
e
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E 0-- Mean
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Fig.1
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i & HH A DEGTEString W 34 143 #7, K15 PPI
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volcano map; C, heatmap of upregulated and downregulated genes.
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28 Adi FIMCODEA {4 % PPTIR 28 34 T L REMLHL 575 1% 0B AYAZ O FE R, 43 3 M Collal  Colla2  Col3al Fbnl
LIE2, Postn,Col5al ,Mmp3.Eln,Acta2, Timp3, WIE3,
Cytoscapef KX PPIRIZE A TR F NI T, e TS 2.3 GO &Nl KEGG 8 #Hr

2 MCAO/MR24 hiF L BEHER FADEGHITE R
Tab.2 Upregulation of differentially regulated genes in the heart tissue of MCAO mice after 24 h

Gene Log, FC P Adjust P
Fkbp5 3.271 966 3.84E-08 6.61E-05
Nrdal 2.379 354 4.62E-10 1.03E-05
Hamp 2.273 160 0.003 644 0.043 388
Map3k6 2.130 331 1.63E-08 5.20E-05
Sle10a6 2.056 017 8.48E-08 9.02E-05
Hmges2 2.055 935 4.09E-06 0.000 874
Sed4 2.044 461 6.35E-05 0.004 435
Arrde2 1.943 115 1.39E-08 5.18E-05
8430408G 1.837 633 1.72E-07 0.000 124
Car4 1.836 969 1.98E-05 0.002 205

%3 MCAO/NR24 hiF AEA LR TEDEGHIE R
Tab.3 Downregulation of differentially expressed genes in the heart tissue of MCAO mice after 24 h

Gene Log, FC P Adjust P
Sfi2d1 -221431 0.001 102 0.022 337
Tigh6 ~2.205 40 1.86E-08 5.20E-05
Aplnr ~2.005 47 7.18E-09 4.01E-05
Leelj ~1.897 30 0.001 115 0.022 503
Izkj5 ~1.81898 0.004 553 0.048 892
Tubada ~1.801 32 3.52E-08 6.60E—-05
Gm8526 -1.683 15 1.72E-05 0.002 037
Lmod3 ~1.665 30 1.50E-07 0.000 124
Col3al -1.628 67 2.78E-05 0.002 742
Postn -1.52515 0.000 217 0.008 710

Sle27al

e

Abhd5

Plin4

Dgatl /
- Y

Pnpla2

A,MCODE module screening ranked first; B, MCODE module screening ranked second ; C, MCODE module screening ranked third.
El2 DEGHIPPIM %I sEREHRAY I 15

Fig.2 Screening of functional modules of PPl networks
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Fig.3 Screening of key genes
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Platelet-derived growth factor binding . ® 00 ®6
@ 125 o [ M
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ECM-receptor interaction {® rRNA processing .
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Positive regulation of triglyceride biosynthetic process (]
Lipid storage ® o
= og, P
0810
Negative regulation of sequestering of triglyceride .
5
Positive regulation of triglyceride catabolic process ° 4
3
Lpid particle J
g 2
Intracellular membrane-bounded organelle [ )
Count
Transferase activity , transferring acyl groups lg‘ 2
®3
PPAR signaling pathway ) : 4
5
Fat digestion and absorption 8
=
Regulation of lipolysis in adipocytes M
Glycerollpid metabolism
2 3 4 5 6
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Enrichment

A,MCODELI functional module GO/KEGG enrichment analysis; B, MCODE2 functional module GO/KEGG enrichment analysis; C,MCODE3 functional

module GO/KEGG enrichment analysis.

E4 HeZRISAIFIMCODEINRERIRGO/KEGGE &R
Fig.4 GO/KEGG enrichment analysis results of the top three MCODE functional modules
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Fig.5 GO/KEGG enrichment analysis results of 10 key genes
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A, graph of TTC staining results; B, statistics of TTC staining results; C,
E6 I
Fig.6 Neurofunctional score and TTC s
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statistical analysis of the neurological scoring results. **P < 0.01.
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(P<0.05), PCRES F 5 = W15 B pr s R —2, DL
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o
1
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0-

Sham MCAO D Sham MCAO E

A, representative echocardiographic images 24 hours after MCAO; B, LVEF result statistics; C, LVES result statistics; D, LVIDd result statistics; E,

LVIDs result statistics. *P < 0.05,**P < 0.01.

E7 KRMCAOFX /N LT BERI RN
Fig.7 The effect of occlusion of the middle cerebral artery on cardiac function in mice
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A, Postn mRNA expression in cardiac tissue; B, Col3al mRNA expression in cardiac tissue. **P < 0.01,n = 6.
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Fig.8 Relative expression of two key genes between sham group and MCAO group
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