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Abstract

Background: Coronary artery disease (CAD) is a chronic cardiovascular disorder primarily based
on coronary atherosclerosis, and its molecular mechanisms remain incompletely understood. This
study aimed to identify diagnostic hub genes for CAD and to explore their potential roles in its im-
munopathological processes. Methods: The GSE20680 dataset was obtained from the GEO database.
Differentially expressed genes (DEGs) were identified using limma, followed by GO and KEGG en-
richment analyses. WGCNA was performed to identify CAD-related modules. CIBERSORT was used
to infer the relative composition of immune cells. Hub genes were screened by intersecting the re-
sults of SVM-RFE and random forest. A diagnostic nomogram was then constructed and evaluated
using calibration curves, decision curve analysis (DCA), and receiver operating characteristic (ROC)
curves. Results: CAD-related DEGs were mainly involved in oxidative phosphorylation, ribosome,
energy metabolism, and immune-inflammatory pathways. Three hub genes were ultimately identi-
fied: PSMA6, TOMM?7, and RPL9. Immune profiling analysis showed differences in the relative abun-
dance of multiple immune cell subsets between the CAD and control groups. The nomogram con-
structed based on the hub genes showed a certain discriminative ability (AUC approximately 0.65)
and calibration performance. Conclusion: PSMA6, TOMM?7, and RPL9 may serve as potential diag-
nostic biomarkers for CAD. The nomogram constructed based on these hub genes may provide a
useful reference for the early identification and risk assessment of CAD.
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1. 5|

EEAR B ik 97 (coronary artery disease, CAD) & — 2 DL e R 3l ik 5 A A4k A 3 0055 # JE A 4 pgs o0 1T
ER, HRAERRERBEUR. NIRRT R et E B R VI OC, BARS IR EMET %,
i 2 FEEREMIE T F B F K 2 —[1]. 5— R AFEAHLL, CAD BFH OB A R FH4F 0T XU 2 35 1
T, TG Ay O AR . LT B AR L R O URE B XU B A A I R A SR A BR A L TR
SR B OCHEAR . R I SRA S AR N, CAD KA K AT K (5T LT A 4 o€ 4 el B o
I, AT CAD g% 5 5 201 B8R, T C5odk DRSS S0 A s RS T By B AR B 2 X [2]

AR, AR SR R IEE T4 2 N T CAD AHICEER ik . A= Wbs S R B S 5 AR 5 4y
T IRPRAEHT[3] o BEATBIE ST I, e S U458 IR -1 N RIS S 56 BT, 21 NIF-xeB 388 5 A 5 5 DR AT 220 B R 1A
Z 5T Sk FEREAL J CAD IS JORE B ; 7E CAD A, NF-xB 3B B A S % R & th O 45 21 H BE0F
f5[4]. BEAL, EIWERHOSSE S VR RNA RIZR7E CAD 12 W7 b i S I8 J 32 B 5evE . RIEN U &
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fit-2 (cyclooxygenase-2, COX-2) M1 51 Ik 2 E2 (prostaglandin E2, PGE2) [ 4\ N5 CAD Ifil & 4 5E & BT
Puilk S 1A G [5]. SRTH, H T hEk Z A28 W RERI 2 Th &Y, RE— R LIRE| 7 CAD (1 521
FIAMBAIETT o T30 AT 0 v R P 190 ik DRI AR A1 A R 2 v s AR XU Tl A0 26 5 40 2 e

AW BB B EAEYE BT, REEM CAD i3k R ik A I ik i /2 W A Wikr &
Yo TAHT T GEO ¥ e i) GSE20680 &5 v #idfa 48, LAIR CAD FEAR %o IR RE A 2 [ (1) 22 S 3Rk
FEIN ;B o R A IR 3t 26 5k /9 4% 4> BT (weighted gene co-expression network analysis, WGCNA) R i) e
FLR AR, I4h A SR ML T RFAE T B (support vector machine-recursive feature elimination, SVM-
RFE) i HLAR b (random forest, RF) 7 A i LI AEAX AL BE K], i3 — P s i 7 28 IS4, DAKASH CAD 1
R U 73 J2 SRR 9% 53 BILIRIE S 42 AT 1 B R A 3

2. MBSRE
2.1. BEAE

M GEO ## P SR Uk B 41| #4552 GSE20680. AW 7i49 N GSE20680 H1¥) CAD AN HEFEA,
KH R B H0 limma BT 2 R RIE 9 HT[6]. H T AT 7048 F 1R A JF 3R 0A 1S K 48 2 B T s 4 o
BT, B 5ERE H T BB T 40— s A 0 R PR S I R 3R R SE 8 == AR AR BB B, R A L K RS
—AMEAE AR, b, Mk, AR SEEL hs-CRP. cTnl S48 bR IS HEBURAL .

22. ERFTEERAIE

KH RABEF H Y limma 345 & 406 DU 7766 CAD 415 W IR 41T 2 R RIE i [7] [8]. 4T
AW S AR AR IR T A0 MLk 1, CAD AH A% S U AE MR P AR AR R I S RORIMR L s[RI, AR
To G BB 7 R ARIE AR S WGCNA B IE & SALE 2 SR T 1% 34728 OB A, Ik #I4h DEG fiiik
B R A A gk R DR ) BB R B, TR B — B IR I A Y 4 . R T, DL P < 0.05 Hllog2 fold change| >
0.5 1F 2y 2 i AL BRI Ribm e, DA o8t P REE N5 SRS ORIV R A A B R 1) P S5 R R . Kl
PIFN AL 23 50K FH ggplot2 F1 pheatmap L4, T~ 72 S R0 BE R R S A4 73 AT ARFAIE S FLAE % FE AR o
SIS

2.3. BERSHT

K H clusterProfiler £3,(45 & org.Hs.eg.db V8 FE) &} 2 5 ik B K13 1T Gene Ontology (GO) 1 KEGG T
femEHT[9]-[11]. LA FDR < 0.05 15 52 # & S hriE
24, EREEE S

K H MSigDB #4f 2 1) c2.cp.kegg FE K4, 7F symbol /K P37 3 K 45 & 0 #T(GSEA) [12] [13].
FRAE limma 23 HT75 1) t Gevt- S R T HET s 1 BRI 42K/ 10~200, FDR < 0.05 15 i 2 hr i,
HLAbRHEAL & EE A B(NES) KR & SE 1. GSEA H AT i 2% 3L K £E°54 MSigDB [ ¢2.cp.kegg (symbol 7K
7Y, HEFIERFIRIE T limma 1 t S EAE.
2.5. INAEEHEFRIEMLE

BET GSE20680 KILHEFFHEAT WGCNA 247 . IR4EFRME WGCNA Jithe, RH] pickSoftThreshold &%t

FE— R AR BIE N T RS IMUS SR B PR, JR4a RIS BT AUTE R M2 55 (R B
52 90 2% TS 2 A 5 T S AR R BB DI R () . AWE TR 2R 1] 4(A) Frnik B AUTE R R 4 HLR
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SECP SRR IR B RS : BRI TR 5 5% J 4 41 F A KB (TOM) [14].
26. THEBH SR ERME

T ik 7 R IA IR 5 CAD MH¢ WGCNA HEHRIE R A2 £, A AR RFAESE R . Bl R 2 Fh
BLAS % 2] BE AT RAE TR ide « SCHF ) 2 LI I RFAE T B (support vector machine-recursive feature elimination,
SVM-RFE) [15]F1BE LA #k(random forest) [16] [17]. HH, SVM-RFE FH ik B A B 7> 2L RE HFAE
FEREEG s BN T PP SR W E M, il — 2Bk 5 CAD % UM KR IERE Rl . W 7772
FERIMORBE R 2 I8 8 SO L BE A
2.7. REAREFRTH(CIBERSORT)

BT AR FRIEE S, KA CIBERSORT A1 LM22 HEAFR R4 (22 Fft (1 241 M VA HHE B B AR o 1 45
PEAN LA R [18] 0 NP AFEANBEA b S S5 S e 40 B (ARG L], B3I NK 1. MO/ML/M2 7 EE4H
M. ic1Z B 4HM. RAHAA CD8* T 4Hff4% . (X fRE¥ CIBERSORT #ithh P <0.05 fIFEALE R T )5 825
Mro ZHIA)ZE 5K A Wilcoxon e LA, 2 PRI 91k 5 H % 20 B A 0 = B2 2[RI R AH DG 14K AT Spearman A 56
AT

2.8. IRAERARIEFFIETHT

X} it 0E 15 1) (KA 1 FE R #E CAD 4155 06 HR 4 b ) Rk 185 - AT AT AL 20 B . S F AR 7R PSMAG .
TOMM7 HI RPLY ZEA[FIREAS il 2 i B X, , SR P A 2k IR EL B 9 2 TR A R TR PR 608 22 5, ) R R 5
NG5 1 DL 7 AR A 5 TR 22 () ) R B
2.9. BHIERMESHEETEMN

KH rms G FHX AL K #4 2 CAD 2 Wi 51| 28 A A (12 45 [R] )H) [19]. KA pROC £zl ROC ik
HH S 2k NI AU(AUC) L FL 95% B (5 X 1a], PAVPA X 4134 R K 41 2 B R s W v g o R FH A oA b 2
T AR 7R 000 A 26 5 S B W 82 4 SR — B o 3R — 25 SR W AR S i i 28 R vk B2 b 28 4 4T (decision curve
analysis, DCA) VAR 2 v 78 I AR 2 FH AN (B [20]
2.10. SEitEDH

FiA 0 BITE R A (v4.1.3)h 58 . AL ELEE R FH XU Wilcoxon #556. % FRIEFENHIELL P <
0.05 Hllog2 fold change| > 0.5 Mffikbri; FHRW &2 HAL M 24K A Benjamini-Hochberg 75 %4
R IZ(FDR), LLFDR <0.05 NZRAH ST L. MMM K Spearman FEAHE
3. &R
3.1. BRIk ERESBRMAEERRIEANEE

AW FEA 3 1 B 5 GSE20680 47 22 3Rk br. 5B, SXTRRAAMHL, CAD HAfFE—
RYEERARIER, Aol kol EAREERRERE 1(A). B 1(B)). kil T HE
TR RN B e it 2 e, Horh B BRI R Y R R s (8] 1(A)). #EIHER CAD 45
Xof HR A A 2 5 IR I DN B THIAEAE — 8 R IE 2 57 (18 1(B)).
3.2. ThEEAR

GO M Eor, ZRFRIAFRELE D T IR UMA A A 2 B8 5 4E, TE LRIk
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MRSy NAD(P)H FHIC A IE SR B M % NADH i U8 & £ 55 2% H (18] 2(A)), #2878 CAD A% 2
B SRR G5 R S R RAR IR B T BE AR K. GO 4 H - EEMK BB E, BEEELAY
RPL/RPS ZJ% J¢ NDUF St 3k K 2% PIAH < (4] 2(B)) »

GSEA 45 5oR, ZRH N B EE TR, SRR 7. OIS . B & - EEKERS.
NER Sk R . NOD FESZ /45 SIm e T 22 1gA 2B B G il fe 2 I 4 Sl % (141 3(A)) AR
F R RN IE 1) & AR PR I AT 28 LIS 3(B). 1] 3(C), #7k CAD "RARTEARHE. AIE Sy SO & HH
SR IR S A B 2R

3.3. CAD X ERER AN RASERFEEANER S

NARFT CAD i3 R LR E A, AN AU T- GSE20680 IR KEHEAT T INACHE (R HL 335 I 2% 43
Hr(WGCNA). AR JE RS # Fh 0L 548 BRI P B 4 L 5 0 0 R 2 K, T ) 8 2 DR A R %

A B
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Figure 1. Differentially expressed gene analysis between the CAD group and the control group
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Figure 2. GO functional enrichment analysis of differentially expressed genes between the CAD group and the control group
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Figure 3. Gene set enrichment analysis (GSEA) results between the CAD group and the control group
[E 3. CAD A 5 RLA R FE L FE S HT(GSEA) R
A C G
Scale independence Mean connectivity Module-trait relationships
o
g o | S678910 1z 1@ 6 18 20 3 T1 MEgreen Ty -
3 ° ! 3
e 3 37 -0.077
3 31 . : MEbown oar
i z 8
g 34 3 ¥ MEturquoise oc2s L.
& © | o elow 0018
2%_ o | 5 § i 2 MEyell ©08)
'9 ° = 0.18
2 . MEblack ©04)
i 7 27 L o
o 5
% p 1 o - 678910 12 14 15 18 20 Mered o
! T T T T T T T T
10 15 20 5 10 15 20 webe oo
B Soft Threshold (power) ; Soft Threshold (power)
' "
- cluster Dendrogram MEmagenta ooer <
=] ! AR e
i h VIF \Y 1 g - -\-_V‘ \1 MEpink ‘;'B“_;}
@ | 0% i i \ V| \
° [ 1 \ MEgrey (g:;) ~
2 9 |
g ° D &
2 GEO WGCNA
<
o
N
o
166 29 36
Module colors l
DOI: 10.12677/acm.2026.1641706 4374 Il PR % 2 3k e


https://doi.org/10.12677/acm.2026.1641706

FRT, G

E

cytoplasmic translation-

translation.
peptide biosynthetic process

organonrrogen compound
biosymthobc procos:

aerobic electron transport.
chain

pepeide metabolic process’
amide biosymhetc process-

ATP synthesis coupled.

structural I constituent of f ribosome:

NDUFB2 structural molecule activity
NDUFA1
RNA binding

N{ADH dehyéas (ub;q4ne) activity
\ E
y 9 ‘/ »
W LAY s
| def

NDUFA4

NDUFB1

[ onm) ]
H
4
3
2

RPS17
RPL3S

electron transport
R'PLZB

o
@
3

RPSIA RPL34
Count L4 .

Figure 4. WGCNA analysis of CAD and functional annotation of the intersecting genes
[& 4. CAD B WGCNA ST R EEE Thae T2

(5 4(A)) e HETIRBERI T, WRBIHH 2 AEPIRIB (5] 4(B)). B - RAM KD ER, B
Fige 5 CAD RALRIAHSCIEAR X R e, PR HA D Jim e M i i ide S B s L (1] 4(C))o i — 2D A i B
RS 2 R RIEFER AR, HE3RAT 29 MR FER (18] 4(D)). XIAZERFE AT DA B AR /0 iR, X4t
FEPR BV AR R BHIE . IKAEE BOERE . ANLE B S WA G ot RE R A AR S
VIR 4(E)). FER - B2 EEE— DR, SCERIED E EE SR R S 2. NADH i &
HASRIEE S DY RE 2% H TE BRR IR 2% (4] 4(F)). iR 45 5RO i Bk 413 P vk S 3 1 e R Al 4

3.4. RAEREE

NS CAD A S IR 58 FE RFAIE, AHIF FURHg i 25 R SVM-RFE FIBEHLAR AR FPL 4527 > 55
EHHTHRIE SR . W& 5(A). B 5(B)in, SVM-RFE 32 YRIESE R, S MEH0N 17 R B 5
oy tEae. BENIARM TR I 5(C), BEHRFMEEIG I, BALRE G TIE. #H#—PH SVM-
RFE 5 BEHLARMR IR IE LS R AIAC 5, B& IR 3 M5 CAD H VIS LI AL K : PSMA6. TOMMY Fl
RPLO (14 5(D)). X Lbkk b5 i 4 A T )5 S92 Wi BUAL) 2 2 Sy ARG PE 70 #T .

35 RAERNEEKERSH

kBRI B I e AR AL L R T AE ThBE, %t PSMAG. TOMM7 il RPLY 73 I#E4T T GSEA 43#7»
ZEREIR, PSMA6 FEEETHEHRYG . RBENE L EARSIHEMEGHEE, WFERBEEER. RIG-I
FESZARME TIE G B ABEA RAZFE AR IR (K] 6(A)); TOMMT £ 5 E T A BRI ALY R
A CE (1 6(B)); RPLY M FEEEET MAPK (55l H. HaiyaBimag 1 ARG S AZREAH
K (E 6(C)). XL RN, FRMRAZEF T EES 5 CAD MM RN E . REERE. EAAMK
J e fa A R .

3.6. IRAEESREMMERMIEXYE

A FEFIH CIBERSORT(LM22)43 4T T CAD FEAS 5 %6} BEAEA 1) S A B 2 AR . S5 R EoR, A
FEAAE 2 Fh S s S M WV R A AR R B EARAEZ R (B 7(A). B 7(B)). SAKE, B 4. NK 4. EI
I 5 30 4 il 25 A B S BEAE P 2L TR) R AN [ 0 AR AE . AP0 AT 2, PSMAG6. TOMMY7 F1 RPL9Y [
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KT 5 % e B R, J3E B A T 0. NK 40 LA B 5% 5
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3.7. BRABERREFHEDH

HiE— VPG IX AL BL K 7E CAD 4 5% A i (1 R IEHFAE, % PSMA6. TOMM7 H1 RPLY AT 1 1]
WAL A3 HT[19] [20]0 IR, 31X 3 AMHX A RITE P AR A A TE A [F] )R IA AR (1] 8(A)). AR LR I —
R, PSMA6.TOMMT #1 RPLO 7E CAD 4 H 315 /K35 i T % B A, 22 3 A Guh 5 (1 8(B))
IbAh, BRI OC R 26 7R, 3 AMXA L R 2 (A fAAE — 8 R (] 8(C)). hik&h Btk — 25 3k PSMAG.
TOMM7 HI RPLY H] fefE A CAD BT EA MR E4

3.8. IRAEEAISHH BTN

H#t— 25 #F GSE20680 B 51| 1 Tl 3 ANMX 41 K (PSMAG. TOMM7 F1 RPLO) & 51 2k PR A ()12 Wi 14 g
ROC Bk 3 M1 B, 5114 FEIHE A . PSMAG. TOMM?7 1 RPLY ) AUC 435l v 0.6541 (95% Cl: 0.5618~0.7463)
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Figure 5. Screening of CAD-related hub genes
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Figure 6. GSEA analysis of hub genes in CAD
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