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Abstract

Objective: To excavate the difference between ruptured and unruptured intracranial aneurysms
(IAs) for genetic analysis of its potential significance in the rupture of intracranial aneurysms.
Methods: Three gene expression datasets (GSE26969, GSE15629 and GSE6551) were obtained
from the GEO database for differential gene analysis. The interested genes were analyzed and ob-
tained using GO and KEGG, and the key genes in the key modules were searched using the Molecu-
lar Complexity Module (MCODE) plug-in in Cytoscape. Results: After multi-data set analysis using
the data set obtained from THE GEO database, 116 differentially expressed genes, 56 highly ex-
pressed genes and 60 low-expressed genes were obtained. After the protein expression network
was constructed, the key gene for PTPRB was found out by using the Molecular Complexity Module
(MCODE) plug-in in Cytoscape. Conclusion: Bioinformatics analysis of different intracranial aneu-
rysm wall samples shows that PTPRB down-regulation has a high correlation with intracranial
aneurysm rupture, which provides a potential alternative target for drug therapy and prevention
of intracranial aneurysm rupture.
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B . #2485 N 3 K8 (Intracranial Aneurysms, 1As) BIBEZL N 3 KR AR B3N iR 2 R E R
RER IS ELEFTA SRR RBER L. i RITNGEOHREERE T A EERENEIESE
(GSE26969, GSE15629MGSE6551) #4727 ZF 4347, FIHGORKEGGH M HIRBHHH B MERA,
F|H Cytoscape H i) 4> F R AR (MCODE) fl 4 F AR i R 2R . 45R: FIFH A GEOHHE
FERBHERERTELHREEMIEBH116 N ERER, S6eMNEREERE, 60MEREER, #17E
HRIEMEMEE, FIF Cytoscape 14T & Z2 AR (MCODE) 1 {4 33k Hi < I APTPRB. 45
233 A WS B F AR N Sh BB B A R B, PTPRB T VA7EMR A 30 kR BB L B A B s A S
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1. 5|8

Fill N 21 ik J8 (Intracranial Aneurysms, TAs)A2 /i P4 & UL ARG VER 2 —, B R AETESRKEE b1 8
2, BEAE IR TR AT 3.6%~6% M NHERAT TAs [1][2]. Fl P4 3 kR0 A 224 A2 ik 9 J T ff 4 1l (Subarachniod
Hemorrhage, SAH)IH WG K, HPJGAERZE3]. B RERE, Fid. Sk, REZ% R RN
KR AR EfER 2R, TR XOE KT RSN 77 5 T 78 A ML P Y1) 7 R 50t 2 Pt o) 50 ok g i
RINFRR R, ABATSASRE T PN 30 bk ed & AL BB XUz (4], 109 1 SEak— 2800 A Pl A 0 ik g 2R 1) s
KRR, #EAT 7 N TR T ORI AR R 1 AL B B S N AR R A 3% i F v il R
15(Gene Expression Omnibus, GEO){EMEE H SR 2, AH & 1% A W05 J8. 22 20 B 7 V26 P A 3 Rioe 2 (14 187
RED, ARG R B2 A% O .

2. fARGE
2.1. FMEREFIEYIESE

R FRIEE PR EE /2 M GEO %045 2 (https://www.ncbi.nlm.nih. gov/geo/) A3 1. EFE T TAs B = AL
FIE B HE(GSE26969, GSE15629 Fl1 GSE6551). H:A1, GSE26969. GSE6551 #:T-F-4 GPL570, O
2R J& Affymetrix Human Genome U133 Plus 2.0 Array X1 0 F (Affymetrix, Santa Clara, CA); GSE15629
FTFF & GPL6244 it 287 £ Affymetrix Human Gene 1.0 ST Arrayl. GSE15629 ¥4 5[ 5] 645 8 AN 24
BN 6 AR BB N B0k - GSE26969 B4 [6] 6145 3 AN ARBLEL TN B hkJed F1 3 AN 1% ML BE,
GSE6551 Fdli£E[6 145 8 MM N Sk« 6 AL ELF A B kIR F 5 AN IR I BE
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2.2. RBEEREHR

HHn A : GEO Ui E 46 R G HR A AL B (Y 5o 1E, AL BUR AL R ER BT . 45) Ja i s
AR T A AL EE I R AV RE SO B . SRS, BRSO R R e AR R R IR . ATFE IR
BHABMER . X T 5 — DR LI 2 N REE, FP I RAEE RN REE . Zd B EH RIEF N
Bioconductor (http://www.bioconductor.org/) F#H] GSEquery A1 Limma 3 AFE X St 17 A0 B, Z R RE
J:[H(Differentially Expressed Genes, DEGs)fifiifk: SCIRZH 5% R 2 [A]f¥) DEG f#1H Bioconductor ]
limma B[ t-H0555E, FERFE RO FEA ) 7 Mg . DEGs fiikhrift: log2 ik 7 7 A% % (Fold
Change, FO)46X/{H > 1, adjust P <0.05,

2.3. DEG HJ GO #1 KEGG &&= 94

GO ThREE B AUE K0T N T A LR IARHO B AR Y22 ThRe 8 FIAEZR 73 i TH DAVID (the
Database for Annotation, Visualization and Integrated Discovery, https:/David.ncifcrf.gov/) 5 ¥ [ 7]%F DEGs
1T HE R AAA 12 (Gene Ontology, GO)ll KEGG (Kyoto Encyclopedia of Genes and Genomes)5 58 #7247, 15
F| DEGs M)W 12 70 Mr 45 3R H KEGG 15 @04 i, P <0.05 AZERAS 7R L.

2.4. PP1 MBI SESR T

DEGs [1] PPT ¥ 48 k) 52 1 S5 i Jik [R] 75 356 56 1F 38 o £F 28 20 M7 WX 33 STRING (Search Tool for the Rtrieval of
Interacting Genes, https://string-db.org/) [8]15 % DEGs ] PPI W 4%, §iii% 4514 N combined score > 0.4, 2 J5
i#—25 H Cytoscape fiiiit i PPI PI4% h bS8 47 B RO AT 10 NFER, FIF Cytoscape [9]1#7 MCODE 414
HTREIEYS, &MSH% E N Node Score Cutoff=0.2, K-Core =2, Max.Depth =100, #K{4-¥ H3h4
Hit% > Clusters

3. 458
3.1. 155 1As #8380 DEG "3

M GEO fs e H2 3L 1 TAs AH SGHE PR 1k 1 Al 2R 1) =N Hids 2 (GSE26969, GSE 15629 1 GSE6551).
N TSR S BG AN 5~ 6, 7B B E # AT AL AR AL, DL 1. R, i R OBRAEELE
GSE26969, GSE15629 fil GSE6551 $#is 8 fiik 17 116 4> DEGs, Hr 60 MNERFRIE L, 56 ANHEK
FIETH, MERT LIS BRI R ER, WK 2. E 3, 4y RiEER.

| L L A5 L5 5. 5 9 S A
I

SM66377,

Figure 1. Data normalization
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Figure 2. Heat map
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3.2. DEGs B GO 1 KEGG H#r

DEGs 4% 60 A FIEEIRT 56 AN NiZERE, % HBET GO 404, 45 SR H AW #2 (Biological
Progress, BP) £ Z AL P FEAH LSS & 2 ARG VE =, WAl M B8 724k 45 & . ARG I 2 T 45 6. AR
wALE. BRI ARE, WK 4, SIEBLRR IR R

Volcano

T T T T
0.0 0.5 1.0 1.5 2.0 25

-logl0(adj. P. Val)

Figure 3. The volcano figure
B 3. KLE

3.3. PPI MBI & SRR 534

fii Fl STRING iz #2160 4~ L DGEs A1 56 4~ Nl DGEs {1 PPI 4%, UL 5. % Cytoscape
A Cytoscape, Xt UL DEGs #4758 108 (A2 EAER T, SRER, 716 | MEENEALEM
%%, L KEGG @M EESIH TR, I8N KEDRARERINE(VE-PTP, PTPRB) K AH < 18 6 7E /il
BNk ) R R R AR A B AR e, LI 6
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Figure 4. The dot plot figure
E 4. SIEE

Figure 5. STRING protein interaction network diagram,
red is up, blue is down
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Figure 6. PTPRB protein-protein inte-
raction network

6. PTPRB &R - EBHEEER
R £

4. Vg

P 9 B KR R AR AR 2R 208 3.2%, TR 2292 9.1 N/10 TN, R ZHUM A s ikis HA 22
W, (HE—2 M2, WIS IE R SAH . 75 & A Pl N 21 RikoJR il 22 () ek IR T it I (aSAH) 2 )&, A =118 23%
MR EWGAFAE E A JEBE, TR N N R4, RN REMLS, #allE R3],

BEA& BT KPR, BE N TR EA T S I ER, @ AR B A A B R .
FERXAN R P A A BN SR, REFIRZ BE NSRS 0ER, UERARF I AR L1
HEA A S KT A R A . U LR SN ) 5 AR DG 7t C 4 R A LB IR 2 AN T IR, et
DA RS, AR AR AT A R iR s

WA O s I A5 S PR 3 L 0 S AT DA 350 N 3 R (1 2, At P P ) R A 2R S
K. HESHFEARCENHTMIERZ S, ER&EM A3 KE 7 s Rxi st 116
> DEGs, HHH 60 A~ FyEEFA 56 A T AR, FATEIE GBS R, A i PR g
RIRWE RS2 /K B U(VE-PTP, PTPRB) N 1 B P 1785 A 2 453473 1) — AN R AL

PTPRB #ifil(#12 A 5 & T & R IR R R B PR Bl (PTP) XX, (E I A B 4 vh A s e ik, 725D
kAN KOG AT H[10]. BT IR AT GR35 58 v 22 P 5 A AR UM DG IR BR G, VE-PTP £/ B A (149 i
SEALYR 10 RN IRAGAET: o X He iR AL HE 118 A TE7%: T A4 R K KRN 29 52 A I P 4%, G 3 B ) 1L 7
A= st A (a1 A f 2 R AN 4 ) IR B[ 1], PTPs N2 4% 2 R gl il i F2 (K15 50 1, BRI A
M B L RAIFSUR . % PTP A& — /MRS R, — AP 25 A4 3R — A PR P9 AL 254
B, DS T2 K5 PTP [12],

PTPRB X T If15 N 2 B A K B B REE, O /R R I e fefa e A0 B if 7 .
PTPRB [\ AL FE o0 AR 3k T 14 P 2 41 B Rac 5% Sre (3% 1k . VE-PTP 534 R AFilid 114 c-Src if
PESRAR I A A R BRI BRI A [ 12], TS S 1 I ) 4B MO HEZI AD (K. PTPRB 4 &7 Hid T
/5 VEGFR2 I 2B R AV A 2R 0%, AT 5 S50 Py 2 200 e 9 0 o) A % 1L PRy B 200 AW e R A fs
TERIESL[13]. h4h, PTPRB #%iA N5 VE-Ga fiEEHEEE &Y, Mimifeidt HE M Ii6e[14] [15].
S TR, VEGFR2 M VE-Ga K% 8 F2 1R VS P9 LA BY 1) ) R 15 S I P B 48 i o e 7 110) S Bt 1
FRF[16] [17] PTPRB Wil )3T~ ML P LA BY 470 /7, RE SR J-JAE [e PR e e B0 A 381 ML 857 P e 4 M 1) e i
%. PTPRB (X FF R AT A Bh T35 U) /03 S I AN A28 Ak o AT5 B AH SR FE M I P R 40 v
ERPEREAE, ERERBMSGEE T AEDE B M RIBEE I 7 R W], PTPRB R VR 5R /2 15 P 3l ik Jeg ik 4
1 fe B IR 2%
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