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Identification of core genes associated with oxidative stress after coronary artery bypass grafting using WGCNA
and machine learning methods CHEN Yuanxiang , LIN Bin, CHEN Dongjie, LIN Xiandong, WENG Guoxing.
Department of Cardiovascular Surgery, Fujian Provincial Hospital, Provincial Clinical Medical College of Fujian
Medical University s Fuzhou, Fujian 350001, China

[Abstract]  Objective This study aimed to use weighted gene co-expression network analysis (WGCNA) and machine
learning methods to identify the core genes related to OS after CABG and predict targeted drugs for treating MIRI. Methods
Gene expression profiles of pre- and post-operative ventricular tissues from the GEO database were analyzed using WGCNA to
identify the most relevant modules and genes after surgery, resulting in OS-related genes (OSRG). Enrichment analysis was
then performed. Subsequently, the least absolute shrinkage and selection operator (LASSO) regression and random forest algo-
rithm were employed to screen for the core OSRG following CABG surgery. Differential expression analysis was conducted, and
targeted drugs were predicted. Results WGCNA identified 32 OSRG after CABG surgery. and enrichment analysis revealed
their involvement in cell death regulation, programmed cell death, apoptosis, immune processes, and regulation of various sig-
naling pathways. Machine learning identified three core OSRG: ATF3, JUN, and VEGFA, all of which exhibited significant
upregulation after CABG surgery (P<C0.01). Additionally, five targeted drugs were predicted. Conclusion Through the inte-
grated application of WGCNA and machine learning methods, this study successfully identified core OSRG after CABG surgery,
which were significantly upregulated and involved in inducing cell death and immune responses, thereby contributing to MIRIL.

[Key words] coronary artery bypass grafting; machine learning; oxidative stress; myocardial ischemia/reperfusion injury

1 #@{E7E# . Email: gxw001@139. com



« 10 - fEAEE 2 2023 42 12 AHS 45 5% 6 ] Fujian Med ], December 2023, Vol. 45, No. 6

56k K #5 #F  (coronary artery bypass grafting,
CABG) Z—FhA Rz & k. Sk, Ak
R (OS) ¥F3 CABG AR5 L WL Bk 1fi 15 7 v 45
i (MIRD , M L.OfR .. DL, 3t
PEO LR E B A5 LR ZE ARG OS 1E
CABG A J5 g HLHI . A EE B 3 32 3k ) 4% 43 A
(WGCNA) FHLAS > J5 i A8 08 b 38 B 0 i 2540
FEAE W) A5 B2 0 T I 0L B R AR g,
FATH A GEO %l . R WGCNA i & 1 5
CABG RJF OS HIKEH (OSRG), K5t i/
A XHE WS 1 BB (LASSO) 1 Bl ML 7k bk 45
MLEs2E 3 )ik, Bk OSRG R FE A, 3 H
259,
1 #RE5FE
1.1 HBWESLRE 7 GEO G IE T #H5dE %
GSE12485 fil GSE12486, A7 10 4~ CABG K Hj
ODEALUR 10 MRIGLEAL,
1.2 ffi%& OSRG # W8 Epn b5, A
RiETH Figfr “WGCNA” f1, By 2205 50 %0 Ay &
R e L RIR W 2, AT IR 40T, JIF bR B A
A, RIGHEBUIMAL R BRI AE B, 14 8 5 J2 R MW
Bl 250 U0 B R BRI AS e, o B R I R A
PsRJE R, BB S IG KRR IEE R . 2 S s B
A, M GeneCards U5 ZE FHL 807 4~ OS H#: A
HERM=>T7.00, HPERELE, 53 OSRG,
1.3 heEE &S i R 2 “clusterProfiler”
(version 3. 14.3) X OSRG #47EE 00, 454
A (GO & Kot K 5 5 H 4 H
B4 (KEGG) i B & &£ 500, IRl K, &
FE R /NIERIGE R 5, EORFEFSE S 5 000, P<C0.05
# FDR of<0. 25,
1.4 HBFFEIFEKFZL OSRG  TEAME S,
FeMli A R “glmnet”, #H37 LASSO [B] 94581 ,
i/l R4 “randomForest” & 7 BEHLARMREIRL , Hf
PR A7 0 8 B R HRAS 4, BRA8 #%0 OSRG. RHETAR
JE#% 0 OSRG 25 RIKE, ZHl/MEEEKE .,
1.5 ZZ¥YWWNM  DrugBank Chttps: //www. Drug
Bank. ca) & — 1> 38 1 A AL BAH S ) i IR 3R A 1 i
FEPm . FEDIRI 259 i B 2 . AE DrugBank (5.0
A BedE A, did “Protein-drug Interactions”
BB T 4% 0 OSRG (IAEIBIT 259 .
2 #R
2.1 HEEER JFHREBES SR ERAL IS .
320 549 NFER . I 25 =50 00 B LA T T

PRI ML, JEEAT R . 8 R AT
GO RUBE M2k s AR A (B=16), - fiif () 45 15
M (node) WYPRBEIERE, Mtk M., #1r
REFIN;, B o/ MEH KN 50, BT #1
1, AIFBIME R 0. 25, F&ARE 13 A LR A
oo A3 B AR P 2 1 R B ) B AR AR IR, g5 R
FH AR He 22 (] 119 2 38 LA AR X 57 M L R AR e 5 4 )
AT ORI T, 1B 5 RS ol QK Y L 3E AT R
ZLpoY. SRR, RE A (ightyellow)
=0.66, P<<0.0) SARFEMXMRS, 2524
GiitEm X (B 1TA) . IR B B SE TR 5 B B A G
PEr . 45 R BIR, MAEMAEK (r=0.60, P <
0.0 (K 1B, BR= @AEL 231 PHEK 5 807 4
OS EHF B2 . 3k 32 4~ CABG RJF OSRG
(F10) ., E 1 WE =,
2.2 BESW 324 OSRG #17 GO fil KEGG
EESN. AR (E 2A) . RS,
TIHREAE B4 BT (8 2B), GO & 45 3 5 mix
BRI R E S SYNME T IR . R R PR AN AE T
ORI RN U N <1 Y O I W U DR
KEGG BEME R EFZERZ AN £-17 (AL-17),
JESRAEIN T (TNF) %4555 B% .
2.3 HEBOERE KA LASSO FIHEE, ik
o6 4~ % W. ATF3, DUSP1, EGRI1., JUN,
S100A8., VEGFA (F 3A) . BfHLAR A 2 HE 7,
e BT 10 A & EOE M & . CCL4. CCL3,
JUNB, CXCL8, CXCR4, PTGS2. VEGFA,
ATF3, FOS, JUN (& 3B)., M#EBAZHE, 5153
Ao OSRG, 49l /& ATF3. JUN. VEGFA.
SRR G 227 RB LK, 458 ERELEF
RIGHE TR (P<<0.01) (F4A),
2.4 MBI SO0 A EE 2R O R . K
B, JE Vb =k . LGD-1550 ([
AB), XELZGYAH B OSTRIT 2.
3 itig

KGR S IEH WGCNA FIHL 282 5 )7 45 4
ok, DUk CABG RJg OS Mk LEER, I
WM EWIRIT AW, R R B R, Ed
WGCNA 738 & BT 5 AR J5 A OV B e 1 TR 18 €0 A5
He, JF M i ok 32 4 OSRG. i J5. # H
LASSO [m15 i Fifi AL #5 bR 5 2 0 28 8 7 3 A0
OSRG: ATF3, JUN, VEGFA, X680 3 K 78
ENEE S R E S

AWFRIR AT T CABG RJ5 OS §:3 MIRI



A EE 25 e 2023 4 12 A5 45 %% 6 W] Fujian Med J,December 2023, Vol. 45.No. 6 e 11
A % A e
2
Z
= 500
400
c
§
@ 300 group
8 A
2 200 AR
I
100
0
® cell death
@ positive regulation of cell death
apoptotic process 100
programmed cell death
T
v
—
o~
Toglogpualu) [ -

012 M4
KI?GGPathways
y

itis
ling pathway in diabetic
iposi sancoma-associated herpesvirus infection

T!
H
RI
Kaj

Chagas disease (American trypanosomiasis)
Toll-like receptor signaling pathway
Hepatitis B

E 2 GO #1 KEGG E&£ 4

Coeffizierin
S
3

[ e ——
ATF3

JUN
DDX3X
EGR1
MMPY
KLF2

importance
25
20

Gene

10
05
00
[8]:}

FLT1
DbusPt
CEBPB

CDKNIA

c,.oooooooooo.“li

i H
importance

B 3 LASSO [E Y30 B4l 7 #

FIVERIPLH . IR B B K H i OSRG EAR JG £
ik B, X487 OS 7E CABG A J5 MIRI i &
BAEH. BEMMERER, OSRG FES 541
FETOUEAE . MR SR TS AR T, it R

ars

B 4 #%10 OSRG FRixLL i K 259 F il

DL R Z R 5 50l B R 5 . OS 2377 A 2o a1 T
A, SEEAFAEMN. DNA #i4. THEH, &
s SN N B N T a7 A S 4
Hhs OSH4 4 S BZRL AR I ik F SN 2, A R T
PR T F B9 UL SMAC/Diablo M ] Bt 3#E A
gif . Sl MMEE T, S A, s TNF
{55 mH, A e TNF-o Ak /- L20 i
JipgE SRAE K o] HUSZ AR, 3 B0 LIS 45 D) e I A
RER . SFdefb g se -t . 1L-17 {5 %38 2 i
PERY L ELE I, AF MIRT M) u) 3 422 25 P4 R B0 9
i 0 M

WL LASSO [m] )5 F1 Rl AL AR bR 1 FRATT 0 8
T3 %L OSRG, 4002 ATF3, JUN, VEG-
FA, JFHARGREY & T AR, X0 5K
FEFRIE AT REFE CABG ARJ5 MIRT H i £ 56 4 i 18 45
R, CHFRFEY, ATF3 28K OS i & it
L SRR TR SE S ATFS £k, M & i
ANz N BRERAR B E ., R, e BRI
ATE3 B0 AR 5 3k 36 3K T B0 JIE B K AN it 728
-1, JUN, MK c-Jun, #F55E£ W c-Jun AT 38
4R CRAMP 2 §il.O WL T, M CRAMP [a] B 8
EUE RO LR T AR BT . VEGFA (i N
FAKEF A BB HSImE AR, R, 7655k
P ZERI], Rk VEGFA i 9F 1fiL 5 i i 1 3%
SN ILIE B A A0, S K I, A FEHL B0
MARED , FFEAE CABG RJ5, i35 VEGFA
oK T AR S 8OO LA UK M, § 80 MIRL, b w]
UL, 3 AR FE R CABG A JG MIRT B3 B2 1EH .
A BRI R A T TR AT IR Y e 2
T ERATI— 25T,



e 12 - R B2 23k 2023 4F 12 A4 45 55 6 ] Fujian Med ], December 2023, Vol. 45, No. 6

%L}i)f:}zﬁ y z'gﬁ?ﬁj:ﬁﬁ WGCNA jj‘]% , bj'[‘]jj storing autophagic flux via an NO-dependent mechanism []].
jﬁ%l_l_lu:’l CABG 7,(): OSRG., b% %ET ()S “j‘ Acta Pharmacol Sin, 2019, 40 (1) 35-45
N [7] Yao Y, Li F, Zhang M. et al. Targeting CaMKII-89 Amelio-
BT, kT L hkE MIRT. HL&8 % - , -
rates Cardiac Ischemia/Reperfusion Injury by Inhibiting Myo-
D e o | : g i) A4 N N 3
gﬁ{ilﬁ }E‘;Uﬁ%ﬁl—a"[" 37 ;FQ‘L“ OSRG &%ﬁ{lﬂu E/JEF‘]‘I-EJ cardial Inflammation [J]. Circ Res, 2022, 130 (6): 887-903.
?‘j% ’ ﬁﬁﬁé/\ﬁ%%mﬁo [8] Kolls J K, Lindén A. Interleukin-17 family members and in-
flammation [J]. Immunity, 2004, 21 (4): 467-476.
&% 3k

[9] Hoetzenecker W, Echtenacher B, Guenova E, et al. ROS-in-
. S . . . . duced ATF3 causes susceptibility to s dary infections duri
[1] Yang C F. Clinical manifestations and basic mechanisms of my- uee causes suscepliblity to secondary niections during

- . . . . sepsis-associa 1 R . Nat Med, ,
ocardial ischemia/reperfusion injury [J]. Tzu Chi Med J. sepsis-associated immunosuppression [J]. Nat Med, 2011, 18

2018, 30 (4): 209-215. (D 128134
[2] 2B, XI4RIE. Ak o 07 O L e T80 0 T 900 405 o 0 R 55 i [10] Okamoto Y, Chaves A, Chen ], et al. Transgenic mice with
(1], IAREZ, 2021, 61 (22): 4. cardiac-specific expression of activating transcription factor 3, a
[3] B, lfe, XIBM, 4 HF/EYEns G %e stress-inducible gene, have conduction abnormalities and con-
W PESE I 4 1 1 A bR R (1], o E 2ok L 2023, tractile dysfunction [ J]. Am J Pathol, 2001, 159 (2):
639-650.

39 (8): 1713-1718.

[4] Radulescu E, Jaffe A E, Straub R E, et al. Identification and [11] Bei Y, Pan L L, Zhou Q, et al. Cathelicidin-related antimicro-

bial peptide protects against myocardial ischemia/reperfusion in-
jury [J]. BMC medicine, 2019, 17 (1). 42.
[12] Garcia R, Bouleti C, Sirol M, et al. VEGF-A plasma levels are

prioritization of gene sets associated with schizophrenia risk by
co-expression network analysis in human brain [J]. Molecular
Psychiatry, 2020, 25 (4). 791-804.

(57 BAY, BAZE, SREENE, 45, 3T %0k i i 0 J0L Bk ri T 0 V5t associated with microvascular obstruction in patients with ST-
GO R (1], e ED 2k, 2020, 35 (2): 5 segment elevation myocardial infarction [ J]. Int J Cardiol,
L1 ~ b2 SETUAR) £ : .

[6] Qiao S G, Sun Y, Sun B, et al. Sevoflurane postconditioning 2019, 291: 19-24.

protects against myocardial ischemia/reperfusion injury by re-

lla PR 3% -

BT BRKEE T EEMIBITHERAE TR DEL-1 KFHTWL
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[# E1 B® ARG YT TG %M R 8 & iAW (gingival crevicular fluid, GCF) ™R & 1 P K 44 it
F -1 (developmental endothelial locus-1., DEL-1) K48 fL, % DEL-1 58T ERZEMMH M, Bk MAPE
FEAR LS R B H 20 &, T A JEEEANR T AT XARIT S 6 JH#EAT S R E R A Ay, W A A 8 2 GCF b DEL-1 fK-F, AR
FIRITHIE RIS Y (probing depth, PD). Ml # #£% (attachment loss, AL). I 45% (bleeding index, BD LI K GCF
T DEL-1 ¥KF., &R BHTRREEFSTEHENT FEMIBIY. FRGIKIER PD. AL, BI B84 97 17 8 3 K AL,
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Changes of DEL-1 levels in gingival crevicular fluid before and after initial therapy of chronic periodontitis
LIU Chongwu , WU Chunfang , CHEN Yuling , ZHONG Quan , HUANG Jiangtao, WU Xiaohong. School and Hospital o f
Stomatology ., Fujian Medical University, Fuzhou, Fujian 350002, China

[Abstract]  Objective To observe the changes in developmental endothelial locus-1 (DEL-1) levels in gingival crevicular
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