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AT, KRIEW
H KR E R RS, LR FS

ks HiH: 20234F5H28H; A HEM: 20234F6H23H; kA HM: 2023%F6A30H

H E

HH: B3Ik 25 (arterial occlusive disease, AOD)Z—FhahfkER, HEH WKEEZIIIKHEFE
fi#itt. (atherosclerosis, AS). AT MHXEFEAODKREABE S EPEEZREZENMEM. Hik, RIA
T HRERE KRB ERF T AT 5A0DZ A 1K R AT Re N HTB A6 7 IR EEFT O AR ik
GSE57691 HEE K £ R RIEW A T-H R ZFE K B 4 FHAEHE E (Molecular Signature Database,
MSigDB) 1% Kl 3% 1A (Gene Expression Omnibus, GEO)(#E ), @it 44 (Gene Ontology, GO) 7T+
EHEFSERAFR L P (Kyoto Encyclopedia of Genes and Genomes, KEGG). FH R E/EML%
(Protein-Protein Interaction Networks, PPI)7;#7GSE5769 18R N ERREMFET-HRER . &3
FHTGSE576915#E4E, HLikH T1SNMNERRENFETAAHRER . GOSN BRETHREN T EEEAE
BEAMRRE REL. E KR TFRBEE%E. KEGGHITRHB T HXERN R E EEAR IR AR
F=¥)(advanced glycation end products, AGE) 5¥EFAL &K =¥)52 /K (receptor for advanced glyca-
tion end products, RAGE)(E S @ IFE R I RIE . FEIETZHME17 (T helper cell 17, Th17)4A/85M L5,
IL1B. IL6. SOD1. PPP3R1. APPEIFRZAPIANRPPIARMEHE M. ik FWTRRETHIER
A RETEVE T AOD R E A B TH RIEEE/EH.
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Abstract

Objective: Arterial occlusive disease (AOD) is an arterial disease, the most common cause of which
is atherosclerosis (AS). Apoptosis related genes play a crucial role in the pathophysiological process
of AOD. Therefore, exploring the relationship between apoptosis and AOD using the expression
profile of apoptosis related genes may provide new insights for its prevention and treatment. Me-
thod: The differentially expressed apoptosis related genes in GSE57691 data set came from Mole-
cular Signature Database (MSigDB) and Gene Expression Omnibus (GEO) database. The differen-
tially expressed apoptosis related genes in GSE57691 data set were analyzed through Gene Ontol-
ogy (GO) analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) and Protein-Protein Interac-
tion Networks (PPI). Result: Based on the GSE57691 dataset, a total of 18 differentially expressed
apoptosis related genes were selected. GO analysis shows that apoptosis related genes are mainly
enriched in the development and activation of glial cells, as well as the binding of growth factor
receptors. KEGG analysis showed that apoptosis related genes are mainly enriched in the ad-
vanced glycation end products and receptor for advanced glycation end products (AGE-RAGE) sig-
naling pathways diabetic complications, as well as in T helper cell 17 (Th17) cell differentiation. The
expression of IL1B, IL6, SOD1, PPP3R1, APP, etc. is considered key focus of the PPI regulatory
network. Conclusion: Apoptosis and apoptosis related genes may play an important role in regu-
lating the pathophysiology of AOD and AS.

Keywords

Arterial Occlusive Disease, Atherosclerosis, Apoptosis, Bioinformatics Analysis, Gene Expression

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l

T R— 23 G RS At T R[], 5RO R4 FE T AN, T2 — AR
TR PE , AP ARR 2 I 4H MR RS B R AR A R 2 o X2 2 A AR L) IR AR B FR 2], R
EVF 2 WSROI 780k, (H2 4 ROEH R MIEHRY], T LA—Fh i it 7 U 7
ZAMAYI AR, DT A A P s A R A 9 P A A BOR A 35 SR [3]. TS 5 2R m B UIAE G, W e |
MBI FBETNREZRELAE[4] [5] [6]. BHAE T BCNB FLIIER s, PR T BORE R T8 J 1A 58 N\ A R
W R A RTE AT TR, AR RS RN BIEIET, IGIK B F AT 2544 ) AR K B 5E BT b
TS AR, BB DNA. mRNA B 5742, B DNA Blf] DNA & i s s ik 7 5 i &5
I 5y, Wk, PRI RE R AR 2 RRAE, REYERE R IE TR R TR e, R R R E T
BN A RRE[T]. — RVVFI T T 2540 R0 7 2 OB IE M A R, 55T 4R 08 T2 B ik Fe A PRI
B IEAEAR B2 M S A I TAER N .

O I 09 AT 98 A T 50 ] PR BP0 T 3 MR 2 1) iR IR, B4 520 1670 5 A\ [8]. it M SET
[ 3 B R R 22— 2 B ik A 2E PE 507 (arterrial occlusive disease, AOD), A~ K )5 ) AOD & 1) I 5 F 445
i) Y JBZ A S ML A1 [9] [10]. AOD A& — i WL Mg v R VR, RImim A 236k L. S4A s, Hix
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‘i DR J5 ]2 Bl ik sk A £ 4K (atherosclerosis, AS) [11].

R, TS 5T AS RAERK B A RAAEMBET. . AS FAR 18 T2 A E
TEFR R G, LGN A S 4 R ek A AR TR RN R AR 2R AR . TRTSAE AS TR O AR W Y, X
B TR o 0. ARSI B, P LR SAE 20 P (o vk B2 4 A0 e 200 ) P T AE T T RE 2 18242 AS
MERR . SR, —BEBREPUER, WA S BORSBR A AR T . HAT, BCREZHIEERE, N
YHAPE TR AS FIEE—20, RMTET N AR TEEZ AS KB 2 i — MWD FE A [12]

SR, HETXT AOD A TR SGHE R (AR 78 R B BRIK . TAFR, AWME BB AR 2 R T R iE 2
TR AL B0 A, G B T AN SR 22 7 R IA I B R RVE E AN [ 5 A% 3842 [13] . SR, 1R
W TRV T 5 AOD Z MR &R AR FLH, FAME AT SCHE R RAR T AOD S5 T2 5%
Fo THIEZE R RIBHIF T AOCEE,  FERHAHE SCHAR 34T T B2 4% (Gene Ontology, GO)7r#fr B #BHE A
I R4 (Kyoto Encyclopedia of Genes and Genomes, KEGG) 1% (A i H.AE M 4% (Protein-Protein
Interaction Networks, PP1)73#7 .

2. HRERE
2.1. SERlEE

FER FL(Gene Expression Omnibus, GEO)#%d  (https://www.ncbi.nlm.nih.gov/geo/) & — A~ =il & 1)
BEUE D) R DR 2H 2 0, B0 G ON TE SR I R RIS M - M\ GEO #idfs e rh 3k B GSES7691 #idia 4k,
e 9 NEBKMSFEEIL IR 10 AN IEH EshkA . 2 THRFEEEE & (Molecular Signature Database,

MSigDB, https://www.gsea-msigdb.org/gsea/msigdb/) i, & H #1 C1-C7 AN RF, He
HALLMARK_APOPTOSIS 40 i 8 TR AE 3 5 4 .

22. ERFTIEER S

NSRAF R FN B PR AE R IEFE B, FRATNEHEES TR TEE, FHFATVE LEREE ERR
B 5 W N R YR FE DR A5 5 o 25 B4 20 B A F-008 GSE A s i vl B2 0, FE0E R 5014(4.0.0 fi) FR{I“ SVA”
T HAERBRMRN, R “Limma” T HEXEHEHET 7hsdEL. BRIENIZIE P{E < 0.05 Fijlog2fold
change(FC)| > 2. #EZfFH “heatmap” T.EELHIH .
2.3. PPl &%

Cytoscape #f4:(3.8.1 ix) Al STRING %#i# /22 (11.0 Ji, https://STRING-db.org/) FH -F-%f 2= 5 1A A T4
RIEHATAH M. 56, A STRING Kot ety il 08 22 7 RIK T AR SCIE DN 1 PPI (4%, 2R 515
4y > 0.4 AN G2 B M AR SR 5 K PPLIE T 4% 20 Hr 46 5 5 N Cytoscape HH AT AT AL .

2.4.GO 5 KEGG &

GO M1 KEGG 3 #r2&48 FH R #Er 1) “clusterProfiler” T H AT . GO 34 it 3 ZEATU 2 41 i 4H.
43 (cellular component, CC). “E47)id % (biological process, BP) 1431 it (molecular function, MF).

3. &R
3.1. AOD HERFTIANATHEXEH

B, 6 BEE HEAT 3 4 2 B (Principal Component Analysis, PCA), 45 5 & s 7E X% i 4 5k AOD
A RN RE A 2 18] () R B A0 4 AR B30T, o R ZHLRT AOD 412 1] Fé P B ARz (1] 1(a)), K1k GSE57691
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i&?ﬁ%ﬁ‘]ﬁﬁ\]iﬁﬁ%T%%%E‘] BE 5, LLEZIE P < 0.05 Fl|log2fold change (FC)| > 2 N#r#E, 7£ AOD

Y% E 18 A2 R RIA R FE R (B 1(b) Sk B (1 1)) os, Hbadd 74 LIREEE, wmEgl
f/r #-18 (IL-1B). FI4HMI/r 36 (IL-6). HHARIZELR 3 (IER3). ¥4k BuE A ¥ 3 (ATF3)4%: LA 11
ANTEIER, dnifn /MR AT K T324k g (PDGFRB). &t H kit E Ak Yol 4 (GPX4). LA KT B
A% 3 (TGFBR3). ZifflfE Az D2 (CCND2). J& #H 2 M i i 4 | 5 -7 1B (CDKN1B)%
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Figure 1. Differentially expressed apoptosis related genes in AOD and healthy samples. (a)
Results of the PCA. AOD samples of GSE57691 are marked in red, healthy samples are marked
in blue. (b) Heatmap of 18 differentially expressed apoptosis related genes in AOD and healthy
samples. (c) Volcano plot of differentially expressed apoptosis related genes. Significantly up
regulated and down regulated genes are represented by red and blue dots, respectively

& 1. AOD MERHAFERFRIZFATHAERE. (a) PCA FHHILER . GSE57691 HAY
AOD KR4I &, WEBIFEAER. (b) AOD FMEEMAD 18 NMESFIAAMAT XL
E#RE. (c) ZRFEMEATHEXERNALE. B LB TENERE SR RLSF
BEaRR

3.2, REATHEXEREM GO F1 KEGG 434k

1E GO sy Mt b, FRATR I BP Hp G T AH R PR R SR A sk . IR R4 R B 5 % &
#; CC Efjﬁﬁfb%li(}ﬂtm?%%lfélﬂﬂ@%ﬁ@ﬂ%ﬂb RS R B MF A B 8 T A DG Jk R E AR KA
TGS BICH IO E B TS R B R (X 2 ME 2(b)). FATEHEAT T KEGG HEg & 0
Mr, &5 3R B ) T A DG RE R A Eﬁﬁaﬁﬁ*ﬁﬁ%%?ﬁﬁ%(advanced glycatlon end products, AGE) 5 #i#i Ak,
2K )52 1 (receptor for advanced glycation end products, RAGE){% 5 il &k 0 H R0« Al T 400
17 (T helper cell 17, Th17)4H i 7445538 6 Hh & 42 (K 2(c) R 2(d)).
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Figure 2. GO and KEGG enrichment analysis of 18 differentially expressed apoptosis related
genes. (a) GO analysis Classification bar chart. (b) GO analysis chord diagram. (c) KEGG
enrichment analysis histogram. (d) KEGG enrichment analysis circle plot

2. 18 NERFKBETHEEREH GO F1 KEGG BENH. (2) GO 5 HEikE.
(b) GO #f3%E. (c) KEGG EENMEAE. (d) KEGG BEDHEE

3.3 IERIEATHEXEE D PPI ML RARAEE L E
AR R T 2 5 RAB MR TARSCHE R 1 PPI M Z%, L8 17 /MY RUF 26 AN ELAE AN, AR

G AR I e B D e HERR (18] 3(2)) 7 PPI IRZE R, it AS 70 dRem 1) 6 SR DRIAA AR T AR AE SR

IL1B.

IL6. —% AL I 1L EE(SODY). & H i R EE 3 1717 K FIF3E 1 (PPP3R1)FIVEM A AT 4 25 H (APP) (&1 3(b)).

4. #Hg

B FIERRY], 1S 54RO M . thAh, AR SCHE BRIE I R B, -1

T UL B A P B 4 it R 20 AOD [14] . Eb 4, 47141 PIBK/Akt

T BERS e BV IR AN A M AS [ FE[15]

INcRNA MIAT {E NG A AS 41 R2 1) — R BYA S5 K7, Beie s i WL4n B i T-[16]; NRP2 jEit
VTP R A T E AS R R B AR F[17].

DOI: 10.12677/acm.2023.1361458

10417

Wi PR = 73 Ji


https://doi.org/10.12677/acm.2023.1361458

AT, sk
IGRBP6 Il{1B i
CGCND2 CDKN1B combined_score
1C6 SOD1 6.8
IER3 BTG2 0.6
GPX4 PPP3R1 combined_score
— 05 PPP3R1
GPX3 IFNGR1 ~ — 06
- 0.7
F2R PDGFRB - gg
ATF3 APP PLCB2 &
(@) (b)

Figure 3. PPI analysis of candidate differentially expressed apoptosis related genes. (a) PPI networks of can-
didate genes. (b) PPI subnetwork of the top 5 hub candidate genes

3. RIEEFRIZFTH<EREM PPl . (a) {FIEEER PPI M. (b) B 5 MRAEEREH
PPl FM4&

BRI AR IR Z T I AL VbR S ) — PP 77 . Huang 551853 DNA %1534t A AOD B
Wik 4 Jf v a2k L 98 22 R RIA I LN, R JF I — R 5173 KDELR3, CD55 Fll DYNC2H1 %7€ HK
HEILIA[18] .

TEARWEFR, N TR T AR S AOD ZIAIHIR R, RAHEELS FH AR M AOD 4 A} HE2H
WeoE R RIBMP T AR . 1 2e, TRAE AOD LRI IR 4L 2 (8] 9%k T 18 A2 5 Rk R oA e Jik
K. S8 5, 5T GO Al KEGG 73 HT, AR I 2 F3R0E T T AH TR DR B I 2 Fp A= P i R RS 5 Jd
I H L B E . B K T2 k45 4. AGE-RAGE 15 5 BBhE IR H A E . Th17 4ipsy
IBEKSS . fea, JERE PPI R M4 % e B3k 5 MKZISER(IL1B, IL6, SOD1, PPP3R1 Fl APP).

TR SRR P BOHT PR 1 &I =4, B A e H O S AL B = 2R, 7R AOD i ERIB LT, T
ARG YR 2L RE 1, SEEIRIET . EOME K, SRS AOD I I[19],
Bt SR SR T 5 5 A R R 2R T R R0 LG B T RS SRR I [20] o JE I D/ A 4
FEWI AT BB Bk W 2SR U 1 LR T ) AGE A BRI RAGE Rk 5 AS Kb 5%, AGE 5 RAGE 4%
G I RV RAEFI LB MTEL, 5] RHLBUG[21]. Dong 55 K I S 2F 440 i A K R 115 5
fE S AT AS PR - TR AG[22] Zhang A Th17 4HARr= A4 19 4 i M 8 7 IL-17A & AOD JE &
MR R Z[23]. LA SERTRIF FUAIESE T BATHIAEAS 2T i A 2R

7E PPI 2% h ILHfE 7 5 AMK4LH b7, 45 IL1B. IL6. SOD1. PPP3R1 £l APP. #EHf7TikiE, I
B M R R 28 2 3B KT NLRP3 ) IL1B F=Ek5RkE) AS [24]; NF-xB/IL-6 15 5 i@ ik
S EWEANM I A BT AS [25]5 BRAh, AR ARG ER APP I IA AR I I A 8L B
WREE TR TS B2 BT AS TER[26]. T FRATHIRIT 78 37~ et 21 e P AT B3 5 1 42 40
AT MRS AOD IR A

AT LI T GEO %4 5 A1 MSigDB %t AOD H [\ T AHSSEE R BEAT T VA8 « BRATE BT M 5%
R 2 A RS Sk S5 5 AOD IR AERNIK . SRTT, FECIE B (3 ik K & H R 4%
YIRS frdt— PRI . 28 EFTIR, JHT-7E AOD i 2 X B B A (.

B oW
RIS BT 8RR EEBE R R, B AT T AT ST P A A
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