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Abstract

Objective: To investigate the mechanism of potential biomarkers in the occurrence and develop-
ment of esophageal cancer (ESCA) based on bioinformatics methods. Methods: Esophageal cancer-
related datasets were retrieved from the Gene Expression Omnibus (GEO,
https://www.ncbi.nlm.nih.gov/geo/) database and The Cancer Genome Atlas (TCGA,
https://portal.gdc.cancer.gov) database. Differentially expressed genes were screened with the cri-
terion of p < 0.05. The importance of the initially screened genes in esophageal cancer was evalu-
ated by four machine learning methods, namely Boruta algorithm, Lasso algorithm, extreme gradi-
ent boosting (XGBoost) algorithm, random forest algorithm, and support vector machine-recursive
feature elimination (SVM-RFE) algorithm. Pathway analysis was subsequently performed to eluci-
date their underlying mechanisms of action. Receiver operating characteristic (ROC) curve analysis
was conducted to assess the diagnostic efficacy of these genes for esophageal cancer. Finally, sur-
vival analysis and single-cell analysis were carried out to determine the impact of the target genes
on the prognosis of ESCA patients and their expression characteristics at the single-cell level in tu-
mor tissues, respectively. Multi-omics profiles of ADAM12, CTHRC1, IBSP and OLR1 genes in esoph-
ageal cancer were plotted, and their high correlation with the occurrence, development and prog-
nosis of esophageal cancer was analyzed. Results: ADAM12, CTHRC1, IBSP and OLR1 were identified
as risk factors for esophageal cancer. The expression levels of these genes showed high accuracy in
predicting the occurrence and prognosis of esophageal cancer, and patients in the low-expression
group had significantly better prognosis than those in the high-expression group. Conclusion: Four
genes (ADAM12, CTHRC1, IBSP, OLR1) closely associated with the occurrence and prognosis of esoph-
ageal cancer were screened out in this study. These genes are expected to serve as potential bi-
omarkers for the early diagnosis of esophageal cancer.
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Figure 1. Differential expression analysis of the GSE149609 dataset
1. GSE149609 ¥iRE&EMEFRIE T

DOI: 10.12677/hjbm.2026.161008 70 LR 2


https://doi.org/10.12677/hjbm.2026.161008

Pk, WTHEE, PROTE A

i/ GTEX FIIEH FEA TPM %ik & 5 ADAM12. CTHRC1. IBSP Al OLR1 PY/3E[K ) TCGA Jitys
TPM Rk ERATICA G, I8 (X — wlo BEAE A N TE AL Z-Score s0E, (EEIEIRES —10. 4
z-score KT 3.0 Bi/NT-3.0 Bf, AJHZE N EHEE T DL & B . K H Wilcoxon Rank Sum Tests Hr#¢ JU4™ DGEs
5 GTEX IEWHL L RIMRILES T F 2R, JFaHREMARE (1 2), K lUANERKZE RS RA ST

227 Y (p < 0.05).
Type E3 Normal E3 Tumor Type E3 Nommal ES Tumor
A 3 —Pp<22%-16 B 3] p <2.22e-16
2 l 24 s |
. .
g g 1
g £
<
-1
-1-
-2 .
Normal Tumor Normal Tumor
ESCA ESCA
Type E3 Normal E3 Tumor Type E3 Normal E3 Tumor
3 p<2.22e-16 p <2.22e-16
C H D 34 .
2 24
.
[N 14
81 &
P
. O o
0 * -1 :
. -2
Normal Tumor .
EscA Normal Tumor
ESCA

Figure 2. Box plots of differential analysis between DGEs and normal tissues. A: Box plot of ADAM12; B: Box plot
of CTHRC1,; C: Box plot of IBSP; D: Box plot of OLR1
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Figure 3. Boruta machine learning
3. Boruta HlE§ ¥ >

DOI: 10.12677/hjbm.2026.161008 71 LR 2


https://doi.org/10.12677/hjbm.2026.161008

T, wTHE, MOHE %

Eh y SRR EARRE R EEME S5, 2 B0 S R 2R A p ) R . Hop
ADAM12. CTHRC1. IBSP #ll OLR1 #AF th, Fix# Boruta H kil A5 TZE & 8 F M2 “2

N FFE(E 3).

3.2.2. Lasso

Hide e FE K ZH 7 1 20 A~ DGEs 44\ Lasso [ ARAY f5, ] plot R4 il 3178 IR IFSE F, Ho
B — 2R L N T AT SRR ZE B /NE AR, LR A B 4(A)). FER AL A {5, ADAM12. CTHRCL1.
IBSP il OLR1 7ERHY rh A5 # K5 mi (4] 4(B)).

14 13 13 13 12 10 11 9 8 8 8 7 6 5 3 2

A B , 1
o | 25 ! !
=] & I 1
h SADAM 12 ! d
< | I \» ~3 | I
° ¥ = 1 NETOT
SERPZ ~
g i wE=—x ST
% ® 2" / 1 |_~TREM1
8 8- I 2 y i 1
= . 7
g b § / 1 1
; | 7 R v
o o | i s / | 1
S L /
: 1T 25 I 1
il I 1
= | 4 1 1
o /{
: // I I
' ‘ JARCA: I 1
T T T T T ’ L 1
-10 -8 -6 -4 -2 -10 -8 -6 -4 -2
Log®) Log lambda
ogl

Figure 4. A: Cross-validation curve of Lasso regression; B: Coefficient path of Lasso regression
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Figure 10. Multiple gene set enrichment analysis of high/low expression groups performed by
clusterProfiler package. A. Enrichment analysis of ADAM12; B. Enrichment analysis of
CTHRC1; C. Enrichment analysis of IBSP; D. Enrichment analysis of OLR1

[& 10. clusterProfiler B#ITER/NRFRIZEN SN EEEEZES. A. ADAM12 EEFT;
B. CTHRC1 E&4#7; C.IBSP E&4#1; D.OLRL Z&E N
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Figure 11. ROC analysis evaluating the diagnostic efficacy of gene expression for distinguishing

tumor groups from normal groups
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Figure 12. Kaplan-Meier survival analysis plot of ADAM12
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Figure 13. Kaplan-Meier survival analysis plot of CTHRC1
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Figure 14. Kaplan-Meier survival analysis plot of IBSP
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Figure 15. Kaplan-Meier survival analysis plot of OLR1
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Figure 16. Meta-analysis plot of survival hazard ratios. A. ADAM12 analysis plot; B. CTHRC1 analysis plot; C.
IBSP analysis plot; D. OLR1 analysis plot
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Figure 17. Single-Cell analysis plot of ADAM12 (Top Left), Single-Cell analysis plot of CTHRC1 (Top Right), Single-Cell
analysis plot of IBSP (Bottom Left), Single-Cell analysis plot of OLR1 (Bottom Right)
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B 4. CD4 WM T 40, CD8+T 40, MIORAMM. N ZauME. IRIG A 4Edn i . B MR 4. e
KYNAE. RrERInM . A, KA. T 4uiuRETiE T 400,

%} ADAM12. CTHR1. IBSP. OLR1 #F4T H.5: KR IE UMAP @47 f5, W HAEA [ 4H o ) 2 18 F 40
Ji be A HEAT 2 S M (] 7). S5 E7R, ADAMI12. CTHR1. IBSP 1 OLR1 75 3 Jii 40 e . %% 11 & it A iR
MERLET e p Y RIL B2, RN ADAML2 7R AN 51T T Ui RIAE N 23, CTHRL 784 )%
R IE AR, IBSP 5 OLRL 724t (R iE N B .

48 B3R B DY /S Jik DR 35 76 S 1 20 5 VR i e 2 A 4 i o S35 2k, MDA B R A AT — SR TR ) R 2 3
THaain, oRTREH S ERNEA.

4. ¥1ig

13 & ¥ (Esophageal cancer, ESCA) & 5 i WL EME R 2 —, 7E 2020 FEfAH &, ESCA KK
RTFARSET ARG, SILTIREES, XRWE 18 HIFEEAL TG, HA 1o T aE
FEI, deAh, REHREFABNRRRELES T ROEEE, FldhE, i 2018 Frgit, REEE
TR RO AL BB, A AR B R R IR IE 5], B o £ 6 IR 41 i (Esophageal
squamous cell carcinoma, ESCC) 1 £ 4 i J&% (Esophageal adenocarcinoma, EAC) BV, £ 5 @Ik 40 i e
TR E B E B, SATA AR Y 90%, X T BRSPS A X R A ST oK
MEMEHACEARS . £ FH R S AN R ), 8GR e B DRI AR S5 R0 AH EL A FH 45 5 [6]

TERMIERAER OFE SR, S 57 ST R 15, SRR, @
WA, MBI B G RRE A O R, BRI R A% 5 I 7 M R S 2 B e R
HIFERER, FWERAERRE S BEEA ARG BE M AEFRE B, R e SRy EE
[7]. B AT ARG DI B AR B 2SR R 16T & 8 n) E 207 5, 7E MG H T Ik K 51512 W ESCA
HIAEDbR B2 B, ERR VAL A R L 5 RS F R TS A 2 & X [8] [9]. AJCCIUICC KATHIZ 8
iR TNM S R G AR R A 3R A B8 - bs v, (R T8 I & B F AR, XM
TiFEAS G B R, 6 R ARG e e . LIRSS R GUEAHE N 2. MRELZEEE(LNR)
HRELEE BE X B L3R (LODDS) %%, i LODDS R GAMY IIE 32 Zbk A (% H , 38 1T LA 3 1k vk
EEEMEH, 782 P MR 35 SR AR TS RO B, (R AR A R0 T 8 B R R bk L S R L
KT 12 MUKE S0 AT 20 0, S IR 2R RN B IR E & FIHAER, I B M e B R
PR, AR 1o b tE s TR IR 1 (0038 P AT A7 75 40 [10]-[12] o 73 25 (e PR 80968 12 Wi v 5 o FE 31
CT Al X £k, BT AT AR /R &8 I I I, 3 R DA 2 b U 252 28] A 21 4 f) 280 P 2 A 155 D R 2 75
AFAE 70 28 RN BRAT B 1) 2, R 2 W AR AR ARG AR, S e TR B T 2 W (R 1 PR e e AR B PR 2 1
AT EE . FINEERIRIE R Z BN 2nT, vl f B T 2 DIBR AR (endoscopic mucosal resection,
EMR)F1 A 45 &l i T 3425 R (endoscopic submucosal dissection, ESD)#EATHRVA[13], JuH & ESD, A LA
NEA R B kL, R R H SR D, ARE PR WU IE A, 3 RE AR R D9 ket 1)k
W SRR R REYE, AR TR ESD JRYT MR R 51 R HRORE I R 1 - 1U 5.36%, {H 4%
o i3 Ji ) e A L 2 e AR e b A RS I, BRAF AR ANME, B R REH T EEVIRAS &S HULIT,
UZ BEHTHITAMIFEER, AT KA R R T 40 & 83 a4 b7, (HFR ]
REFEORYT RORAVE, RN 7 XS [14] [15]. Bk, #RFCAT AT 6 B 1S W i bR B BN 24 R Bt
FLIE S 7 191[16]
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Tk, WTEE BRPE S

AT AEYE B2, i GEO $¥E [ (https://www.ncbi.nim.nih.gov/geo/) Al TCGA i 2
(https://portal.gdc.cancer.gov) 3R 15 1 £ & ek 2H 2R ik (R ik 504 A I B A 2R D R A 3ol it s 2
L5 EHHAMNAREHEZFIERA. H—5KH Boruta HlLas2%>]. Lasso MLE§2~>] . Mufibh BT+
(eXtreme Gradient Boost) Fifi H/LARFR(RF)F 7] S AL VA REAE T B (SVM-RFE) Hy% TR L 88 2% 3] k(ML)
1T9%i%, b XGBoost Y 3T — 20 PR SR ML S35, (8 FHBRBESRTHAEZE, @it Bh R T RRSER K
PRS0 iR, R R RV PR R LB AR A AR 2 A, ml A B D (T E SRR SR AT B 45 L RF Y
AT LAk U 2028 Ab FE 1 B 2 AL AN A, —Fh ML 402588, mlidEid 2 MW T I MBEA TR, 75
Pl BB R 2 SVM & 4- 28R a1 )5 o) @ ) 2R MRS, ] DA R 2R PE R ZR 1 1m) 8, R4 250808 7 1k
JUZK, AR EBEEHEA[17]. #—PFiEH T ADAM12. CTHRL. IBSP. OLR1 PU/N3E[H,
BEATIEER 0 HT . 323 TAVESSAE #1 28 (receiver operating characteristic curves analysis, ROC) 73 #7 ZE 1720 #r
L5 B A3 BT R FE R AT B0, 24433 Ti2H ADAM12, CTHRL. IBSP Al OLRL [ IA T &%
SRS I I B IR s ki, S VIR RIA BT mR, TR N A eI KA.

zi BRTiR, AWFstiEE T ADAM12. CTHRL. IBSP. OLRL 7F £ i 15 W12 Wi fi 135 J i 45 5 2
B, FTRERCAH B IS W R B bR A . (R T 45 10 0L T S S A I I R AR A SR AT 1 — 2D 1
LR

E&ME
A7 2 58K A B ML R RIOTH 405+ X010092027).
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