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Screening and verification of genes related to ischemic stroke
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Abstract
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Objective: The objective of this study was to provide insight into the molecular mechanisms of acute ischemic
stroke (IS) through gene expression profiling analysis. Methods: The gene chip data of ischemic stroke patients
and the control group in the GEO database were downloaded. Differential genes were analyzed by GEO2R
software and the R language. Metascape was used to analyze gene ontology (GO) and gene sets of enzyme
and pathway analysis (Reactome). The hub genes were identified using the STRING online analysis tool and

Cytoscape software. Finally, quantitative real-time polymerase chain reaction (QRT-PCR) was performed to verify
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the expression of DEGs in the peripheral blood of IS patients. Results: A 20-gene profile was identified in the

whole blood of ischemic stroke patients from the gene expression datasets. Gene annotation and signal pathway

analysis showed that these differentially expressed genes were mainly involved in the response of neutrophils to

extraneous biological stimulation, the response of cytokines to organic anion production, transport to fatty acids,
and the migration of neutrophils, etc. Five genes (mmp-9, OLFM4, ORM1, FOLR3, and ARG1) were identified
as hub gene by Cytoscape and MCODE software. Finally, ARG1 and MMP9 mRNA overexpressed in peripheral

blood of IS patients compared with normal control confirmed by RT-PCR. Conclusion: The dysregulation

of several genes may involve the process of ischemic stroke (IS). Our finding provided clues for exploring

mechanisms and developing novel diagnostic and therapeutic strategies for IS.
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1.1 BEE R #HE
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#1RT-PCR3|#5%
Table 1 RT-PCR primer list

FHe[K 4 EM5H(5-3") S5 149(5-3")

GAPDH CCAGAACATCATCCCTGCCT CCTGCTITCACCACCIICITG
ARGI GTGGAAGAAGGCCCTACAGT GCIT'ITTCCCACAGACCITIGG
FOLR3 CITCTGGCIITGGTGACTGC GCAGGCATTCITCITCCAGG
MMP9 TCITCCCTGGAGACCTGAGA CTATCCAGCTCACCGGTCTC
OLFM4 CCGGCCTCTCATITTCTCCTA AGAACCTCCGCTGCCTAAG
ORM1 GAGAGTACCAGACCCGACAG TCAGCATAGACAGACAGCCC

2 &8 X, ¥ DEGsfi AMetascape(http://Metascape.org)

2.1 HEEEEANIRKES

GSE1656 1 L 63 I FE A, 394 2 1
IV i 145 25 A 1iE (acute ischemic cerebrovascular
syndrome, AICS)%@%J&MRIV?%%@(TOAST%
B, 17 IR AR ZE L 1049 Dy AN B D PR R
ST Ry R B Bk -/ ke T i, 6491 S /0 il 48 B H:
PSP 5 24490 %) BRZH 2 00 EAE N o MUSE MR A 3
it F B[] 24 (10£6.5) ho T 20 22 [) ) P il Ve A 22
S B, APARFAFRER(P<0.001, £2),
I HIE G sUs IRRE A H 2H 0 il A S G PR R B
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Log,FC=1(2: % Af 4 =2.0) FIAL IE J5 P<0.0S M FRE
FAFTRIEDEGs, I J Ll B (K1) Fn k&1 (1#12)
WKas R ol ik, Ko 2R RN, Hi
190k B, 1FRIX TR (ER3).
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FOLR3MIORMI HDEGsHYI FC LA

2.5 RT-PCR IiF X {8 DEGs HIFRiE

B F RATXT GEO A Hp B3 1ML W1 Tk B 5] 43
Mr, &S DEGs(ARG1, OLFM4, FOLR3,
MMPOFIORML), ffi H & & XG5 RN
(reverse transcription-PCR, RT-PCR)# 175
WE(Es) . SIE®H XA M, RT-PCRIE
ARGIHAIMMPOEIL iH, ERAFKITEEX
(P<0.01),

Table 2 Analysis of clinical parameters between stroke patients and control subjects

4151 YT/ 2) AR/ % /B BRSSO /B AR e g /]

AICSH 17/22 73.1 + 14.0 25 11 18 6 6 15
X HE 21 10/14 59.9 £9.73 7 2 0 0 2 4
P 0.883 <0.001 0.010 0.068 <0.001 0.048 0.414 0.169
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—log10 FDR p-value

log2 fold change

1 IS BE Mk ERFIEEEN AL

Figure 1 Volcanic map of differential expression genes in the blood of IS patients

Xl 2254080 Y. PE, 2080 DVRBER; SRAi: FUREER; B |log, FC|<18(P=0.05,

X-axis: multiple of difference; Y-axis: P value. Red point: up-regulated gene; Green Point: down regulated gene; Black point: |log, FC|<1 or

P>0.05.
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Figure 2 Heat map of differentially expressed genes (DEGs) in the blood of IS patients

DEGsJE MBI, RS ER— A, IRIEG . MR, K6, avksrhlid . SR ER, 26H
L MXTE RS G, AR

Cluster analysis of the DEGs, each column represents a sample; light blue: control group; pink: acute stroke patients. Each line represents

one gene; red and yellow: relatively high expression; gray-blue: relatively low expression.
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Table 3 Stroke gene profile
Gene adj.PVal Regulation t logFC
RGS2 2.29E-10 Up 9.59 1.01
PDK4 6.03E-08 Up 7.72 1.01
ARGI1 0.000000489 Up 6.97 1.69
IQGAPI 0.00000172 Up 6.55 1.03
CRISPLD2 0.00000576 Up 6.13 1.07
PADI4 0.0000069 Up 6.06 1.02
MMP9 0.0000112 Up 5.90 1.43
VCAN 0.0000288 Up 557 1.08
CCR7 0.0000319 Down -5.53 -1.08
CA4 0.000122 Up 5.07 1.10
S100A12 0.000167 Up 4.97 1.28
ACSLI 0.000251 Up 4.83 1.09
FOLR3 0.000469 Up 4.61 1.09
AKAP7 0.000541 Up 4.56 1.14
LY96 0.000643 Up 4.50 1.12
ORM1 0.0022 Up 4.05 1.18
FCGR3B 0.00741 Up 3.58 1.17
APOBEC3A 0.00974 Up 3.47 1.16
OLFM4 0.0123 Up 3.38 1.00
FTH1P3 0.0354 Up 2.93 1.07
Y | -451-755695:Newo degamiaton
] Go: 0009410: response to xenobiotic stimulus
| GO: 0001816: cytokine production
| Go: 0015711: organic anion transport
| GO: 0070542: response to fatty acid
] GO: 1990266: neutrophil migration
GO: 0007565: female pregnancy
Go: 0008037: cell recognition
I Go: 0030198: extracellular matrix organization
4 6 10
~log10 (P)
3ERBEERERN

Figure 3 Enrichment analysis of DEGs
XEHRRPE, YRF R B R AT RAE SR,

The X-axis represents the P value, and the Y-axis represents the GO annotation and signal pathway.
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Figure 4 Construct the DEGS-PPI network by using the STRING online database and Cytoscape software

(A)DEGs-PPIMZ G SR p g 127 5, TSR EAE, ERFRE AR EIER; (B)FIHCytoscape X - FIMCODE
N FHFEJT (degree cutoff=2, node score cutoff=0.2, k-core=2, max.Depth =100)FEATHIHIFHT, 7385 H 2T M4

(A) There are 12 nodes in the complex of the DEGs-PPI network. The nodes represent proteins, and the wires represent protein interactions.

(B) Cytoscape software and MCODE application (degree cutoff =2, node score cutoff =0.2, k-core =2, max-depth =100) were used to

separate the main sub-networks.

3 Control (n=15)
I Stroke (n=45)
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Relative mRNA expression
(fold change)
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s IS 2% 5P E M X S DEGs mRNAK

Figure S Expression levels of critical DEGs were verified in
patients with IS

X RDEGs, Yl 7R IS HIIE X B8 4 22 [n] f) 1% 2%
1k, Control: XfHRZ]; Stroke: ISZH;*P<0.05,

The X-axis is the DEGs, and the Y-axis is the multiple changes
between IS and the normal control group. Control: Control group;

Stroke: IS group; *P<0.0S.
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R E GO, A 41 it B R S I R
fGoiEtt, t—2LnMrftn, MMP-9, OLFM4,
ORMI, FOLR3MIARGI ] REJE LA . RT-PCR
EAFEZE R, IESEMMPOMIARG] mRNATEIS ¥
AR JE M b A ek o A5 HE A AR U 5 4 MMp- 9
Hrs20544 2 251 5 2 1S H 25 M I 1k 76 Ak 19 4 56
PE. Zhong®5 "KM 3 1861 2k i 1 P 25 v I
RIS 5 EE M MMP-9/K ¥, Vi3 H G
VEAG TS, & Bk i rh XU S0P B i 3 MM P-9 7K
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