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Identification of stemness molecular subtypes in esophageal squamous cell
carcinoma via integrated bioinformatics and machine learning algorithms
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Capital Medical University, Beijing 100020, China)

[Abstract] Objective: Esophageal squamous cell carcinoma (ESCC) exhibits pronounced inter- and intra-tumoral heterogeneity,
posing substantial challenges for prognostic prediction and therapeutic response evaluation. Cancer stem cells (CSCs) function as
pivotal drivers underlying oncogenesis, metastasis, and therapy resistance. In this study, we aim to identify stemness-related molecular
subtypes, and construct a subtype classifier to further assist in predicting ESCC patients' therapeutic response. Methods: Twenty-six
stem-associated gene sets were retrieved from the StemChecker database. The transcriptome data of 259 ESCC samples from the
TCGA-ESCC and GSE53625 databases were quantified using single-sample gene set enrichment analysis. Consensus clustering was
then employed to identify stemness subtypes. Subtype-specific differences in prognosis, tumor microenvironment, stemness-related
biological process, and therapeutic responses were predicted and analyzed. By applying weighted gene co-expression network analysis
(WGCNA), the stemness subtype-related hub genes were identified. Subsequently, the ESCC stemness subtype classifier was
constructed and evaluated using three machine learning algorithms: random forest, XGBoost, and the neural network. Results: Based
on the single-sample gene set enrichment analysis (ssGSEA) of 26 stemness gene sets, two stemness subtypes (named C1 and C2) were
determined, each exhibiting distinct stem-related molecular, immunological and therapeutic characteristics. C2 subtype exhibited
adverse prognosis, stronger stemness, higher levels of M2 macrophages and cancer-associated fibroblasts, as well as higher stromal

scores. In terms of therapeutic options, immunotherapy might be more appropriate for C1 ESCC patients, while cisplatin, gemcitabine
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and docetaxel might be more suitable for C2 ESCC patients. WGCNA identified the blue module in TCGA-ESCC cohort and the black

module in GSE53625 cohort as hub gene modules most relevant to the stemness C2 subtype. By integrating the gene sets screened from

these two modules, a total of 7 genes were obtained as the final hub genes of the stemness C2 subtype. From the results of the confusion

matrix, the validity of the model for predicting stemness subtype using the 7-gene transcriptome data and the machine learning model

proposed in this study was proven. The random forest-based stemness classification model achieved higher accuracy, precision and

AUC values compared with XGBoost and neural network model. Conclusion: This study delineates valuable perspectives on ESCC

stemness heterogeneity, and the developed random forest-based stemness subtype classifier could aid in molecular stratification and

personalized therapeutic regimen selection for ESCC patients.

[Key words] esophageal squamous cell carcinoma (ESCC); stemness; molecular subtypes; bioinformatics
[Chin J Cancer Biother, 2026, 33(5): 510-520. DOI: 10.3872/j.issn.1007-385x.2026.05.005]

FIHT , 4B g I A8 I A S P o b J
FLAL, T RALFI AN EHAY E, BEE
o N B 5K 41 i 58 (esophageal squamous cell
carcinoma, ESCC) Ml & & M J& (esophageal
adenocarcinoma, EAC) , F H1 ESCC 2y Y. i [H 5 i ¥
WL AL, 2915 95% s 1T EAC I 22 0L T~ 74 77 [
K. 2175% B8 E R B E RS Wi Ct =
Jr FS R Y 5 B, 0 A B ISR T R A AR R T T R D BR
2 P DT Ak S S G ) e ) s v VR T R X SR T R
A& e SR N A 2R T I U BE A
o5 SRR ALEFFAE 15%~20%5

ESCC 5 A R H %O R R AR 2 W A S e
T4 8 o 2R A DA R R A R R LA R A )
BR o MR TR, S AR K A £E FA e 4
fitd Ccancer stem cell, CSC) J& BX 3y i Jg %% 4 2 T4 [ 5
VAR . CSCRE H B H AL £F T 1IRAS, 58
1RBERS RIT N 245 S S RBE VIR O, H 3 o I 1 Y
I3 ¥ W 2% C Rl BB R TR T IS R AL 5
Bb, TR AF AE 2 25 10 e o, AR MR A 2, (R —
T3 ek PN AS [R) S 3 40 i 0 V6 97 B B AR AE 2 3 2 e,
JAl 7 BT BT 20 . DR X CSC AR SSRFE I &
Gt M, A7 92 9 ESCC $2 BEAE #E 7y 17 LSk,
TR T A AT Tk 88 e 8 R B 1) S S PR SRR S DT A
] CSC JF 58 8 G 3 I 25 O BG5BT SIS $ AL B R 4K
15, B 22T ESCC B I K27 3K 4k

FT 26 T IEFE RIAR , AHIF IR HY B AR R 4
& £ 70 BT (single-sample gene set enrichment analysis,
ssGSEAD ik, RGi % H | ESCC S, Hdlid 7o
B SRR AR R 23 PR 2 7 AR 5 SR A Bk
A AL R 3 3Rk M 2% 43 BT (weighted gene co-
expression network analysis, WGCNA ) 7 178 H {4 . 714
WO R, LT T 2 B A i o L 2 )
SR T BEHLARARAE 3 Fh 7y 2545 , il R J8 3 Tl
Je B G IR IT RNV AR 3R A T

1 MR5EE

L1 ##ETRARLE

M TCGA-ESCC Fl GSE53625 Wi~ FA 51 Hh L3R L
259~ ESCC FEA RNA 5 4 , I B AH R 111 PR
A A7 VEFE . M UCSC-XENA % 5 JE (https://gdc.
xenahubs.net) | # 5k T8 2 7% s A4 5 5 Looxs B
4 (fragments per kilobase of transcript per million
mapped reads, FPKMD Fr 4L (] TCGA-ESCC #(4&,
M %6 80 191 ESCC REA I He A0 3 1 0 e AR
(transcripts per million, TPM) #5460 AH 5 1L 4k, A
GEO ## [ (https://www.ncbi.nlm.nih. gov/geo/) 3£ HX
£ 179 ] ESCC # A 11) GSES3625 48 47 R H
“sva” R AL #Y ComBat PR U A &yl & g
HEATHE NI T
12 AT FHMHELIREHESCCLERR £5A

26 T PERHE B R AR S A H A OO R I 4
i [ F 4 4 AE = R 4R 204 P StemChecker Chitp://
stemchecker.sysbiolab.eu/)"™, 2% BE A SCH#k[10-11],
T 1 AH ¢ 1 2B ¥ 1L #2 (Gene Ontology-Biological
Process, GO-BP) # [ £ ' # H MSigDB # 4 /£
(https://www. gsea-msigdb. org/gsea/msigdb) . fii
“Jk R & A 5 93 At (gene set variation analysis,
GSVA) 7 R B A 4™, 5% ] ssGSEA Ji ik , Xt & 4>
ESCCHEALE 26 1 HE R 4 1) & 46 7 Btk AT € &=
Al o T ESCC AR A 240 s 5 7 2, 18 H
“ConsensusClusterPlus” R {4 £ % ESCC 1t & %
o SR AT — B IR s R R T B L A5 5
= M K # {8 (K-means) % 2 5 7% (distance =
"euclidean", clusterAlg = "km") , JF # & %48 1 000 Ik
(reps = 1 000) LAB OR &5 SRAS M . I SRR 73 A1 B
Hodh e oE AL R REH , JF ik IR E B R K
s )
1.3 ESCC F P A 48 X 38 5% 57

K FH GSVA"™ il 3 [K £ ‘5 £ 7 1 (gene set
enrichment analysis, GSEA)"PAli ESCC £ A 2.
B] (8 B V14 . AT MSigDB 4 GO-BP 3 [A]
1T GSVA VF 53, 18 1 Wilcoxon FkFIAS 56 bE 57



+ 512 -

HR [ MR R TR YT AR K, 2026, 33(5)

4 311 75 ) P 3 2% 3 1 22 5 5 FH Hallmark 356 PR 4 1
1T GSEA 73 #1, A il s 2
1.4 798 %9 5 2R 4m R 35 0 T

CIBERSORT Jx & 3 55 AT 5 F Ff A 2L b
TR A0S (R 0k % , e {1 22 P 6 728 41 i 11 4 ) 3=
¥ o AT K H “CIBERSORT” R % 5 A, 3T
LM22 [ 24 o 26 PR RF AR R L a0 1 000 R B iz 5
XF 8 ESCC A 1) i Jed 1l A 853 4 92 240 Jf 26 7 36 AT 7
& 9, fF B “ESTIMATE” R # 1 41, % H
ESTIMATE 5.2+ 5 ESCC FEAS 1 3 i 41 i v 9 H
955 A R VT 5 S S 2 BEVF 43 R P4y T S B AR AR
Hh G 2 20 A 5 5 SR 4T B IR K A, SR
Ji 88 R A H ek g AH O R £ 4 41 P (cancer-associated
fibroblast, CAF) [’ AHXf - B2 , AHF 58 K H 1 EPIC Al
MCPcounter H %% ESCC i 8 2H 23 71 CAF R i 2
FEREAT R BT . EPIC SESE TR IA W , i@ it
sz A5 AR TR HE W7 441 B IV 5 EE A5 10 MCPeounter 55
325 U] 3k 2 P A 2R ) P AR S e SRR A R R X
9% I 5 I A R A0t = FE AT SR 7RI |
E— 2] EEAS [ ESCC 14 7.2 iR o 455 22
1.5 RIRETT AT

Ji 987 4 2 Dy g B 6§ 5 HE /F (tumor immune
dysfunction and exclusion, TIDE) 5.2 3& T~ Ji J7 4 12
6 3 P A S AL A T B R G2 T e B A AT HE R
K I T G 38 96 97 T K. Pl dRg e S 448 n 4
1% T 9k E2 41 B2 Ceytotoxic T lymphocyte, CTL) ¥% il
75 5 i Rg 2 23 T 20 i Th 6 2% 1, DA S I PR AR CTL
AP T 4 B iR o ASHE 98 5 T ESCC BA A 1 4
THE1b 356 R 2R 08 B ¥ , 5K ) TIDE 595 76 46 °F & W4k
ESCC & % 097 e ™ AHH 5T i@ ik SubMap 5
1L VEAl ESCC & % #5291 PD-1 f1 Pt CTLA-4 1697 1
TETEIR 2R, [RIBT 23 #r G % K A s B R E ESCC T+
PR rh R 220k, AR R ESCC AN [E TR AL B 4
REVRIT M LR R 0T . B4, B GDSC % 4
(https://www.cancerrxgene.org/) H1 4L 2210 97 250
R 0 5 R 2R vl s B2 “pRRophetic” R 14
K WM ESCC 35 0 A6 97 25 9 1 B, JF d i
Wilcoxon #6968 Eb 4 9 14 2 A ESCC &3 2 0] {1 24
BB 22 S,

1.6 A E KR & &K W% 5 H (WGCNA)

RS ESCC T4 0 B AR 5 (I 36 IR, AHIF 70 K
FH“WGCNA” R 3 AF £33 47 WGCNA 73 #™. d@ g
T L R B JR b (Pearson) AH 5% & %, 1K 48 To b B2 0
INMUA TR EL R > 0.9 FI-F- 35 @ v ih 2Rk B 5 & K
BB B » A5 4540 S 1) 356 IRk 3Rk O 488 7 45 T s FEE T
“hRiE. BEJE, FIH — Dk I R R IE M4, K4

$2 5 ¥ (adjacency matrix) % ¥t 4 ¥ # 3 & Hi BF
(topological overlap matrix, TOM) ZAHFFEFEQ-TOM) ,
B E R RIEL 0 JE IR, T e B2 B IR
MR R RPN R R o T 55 25 DR R R [ R A1
{f (module eigengene, ME) , B A5 B Py 3L [K] 58 — F %
73 oy BT HRRAIE ) B 5 1l PRAS 2 1K) Pearson AH G,
M B 5 5 ESCC 14 MF 284 5 AH DG 1 JE DR AR B e
R B R HAX 2 i D] (1) 7 36 2 B0 e Ol ik D] 6 35 4
(gene significance, GS) > 0.4 H.3& K 58 (1) AH M
(module membership, MM) > 0.8,
1.7 ATMEFIGESCCFHRIEAH) LS

AHF 5T T Jupyter Notebook - £ , f# ] Python
32 MR SEIL ESCC F LML AY 43 SR e i AUty g . LA
T A AE B 23 W 0 38 R S R A O B R A
N FRRFAE , BT WL 5 2] B AL 33 K FH Python i
5 " scikit-learn (sklearn) #HE 48 52 I BE AL #&% 4Kk
(RandomForestClassifier)  fl  f#f £ W %%
(MLPClassifier) 732545 , L & XGBoost J2 SEHUES EE $2
THH % (XGBClassifier) , #% 1: 1 EL il 45 ESCC & 44z
S = o S I S U IRoe S S w4
(GridSearchCV) &5 & 5 ¥t 4 F & X I iE
(StratifiedKFold) fE b 2 HUT & ESCC T 1L 73
KA, @ id sklearn. metrics FE HP [ VR VA B BE
(confusion matrix) 71 5 #E i % (accuracy) « B P
(sensitivity) «5F 57 [ (specificity) Fl # 2& T 1HI FH Carea
under the curve, AUC) &5, X 15 Y 73 K MEREHEAT R Gt
VR, R R 15 & A AT AL AT
1.8 “itsam

ARG o A 5 i RAE F AF (4.3.0 it
A 5E R, BT A A R AH 96 R ALK Y5 T Bioconductor 5
CRAN %4 2 . 21 1) 22 5 LL 35 K F Wilcoxon FR RS
5, 2H 18] 2 () FU AR F R 7 Rsn 36, AH 26 4 23 A I ik
Pearson f X PERTEE . LAP <0.058( P < 0.01 KR %
R HAFEE L

2 & R

21 AT FHMAXAREHESCCLERTREAH,A

A FAEE W E 1 B . E4 I TCGA-ESCC
S GSE53625 BAF1| 325 B #E M. Ji5 5 K FH ssGSEA
LT 26 TR R B R0 8, IR T 26 T
P AF 5 8 IR 4 5 4 40 B0 ESCC B b A7 T2k oy 7Y
3T 1% B 43 AN T F 109 41 ESCC /835 AT
PEAY 1(C1), 150 %] ESCC £ & AT W% 2(C2)
(F2A).

AR GE R ZH 1) PR 22 e, ACHIE 5 2 o) 34
B0 T 1 5 DRI 4 ' SRR B AT nT AL 2 B o JE e A



b

AL, 55 AR BB A L S SR R R R T

(£ R - 513 -

BT A 25 R 2B o, 4K 2 30T PR R AR T
CoEMBEEE, KW C2MESCC EH HAH
SR TP . Kaplan-Meier 242 77 i 28 43 ¥ % 99,
C2 B Bl J5 2 3% % T C1 1 ESCC & 3% (log-rank

P=0.028,&20C), B4k, XI A ESCC &3 1l AR
PRRFAE 2> BT 2 B, C2 15 B 1) TNM 73 1 S LA 1) 43
AR S5 25 FH 5% 5 T v M I ZEL A M ) AR RS )
Ttz R (E2D).

ESCCHMH B % 5E TR AZ O FE R 4 5 TP o KB M 5 IRAIE
259%BESCCRNA-Seq¥ 4 TCGA-EScC| | GSEL53625 _ﬁ 259%|ESCCRNA-Seq%
—=
TCGA-ESCC (80ffi]) GSE53625 (1794 A1) BAF TCGA-ESCC (80fi]) GSE53625 (1795)
[ ] ] P A
lz64‘$ﬁ%%ﬁgssgseaﬁt}ﬂ [ WGCNA ] [ WGCNA ] [ REZ S ] IS
v v ¥ v
T | wems | | mess || | song |
+ 05704 & MV=0.89
I THTEOLTRIRG F—  ormmmseenn | C b e || s
L Y
e FreA || MoRmer || eBiET || T Y
ESuyi o | WRLT || BURiE
E1 EFFHHEXERENESCC TMERLESERIZEE
A B

—HHEREK =2

'}

F-I

100 =+ CIE4A

2L
75
50

25

SAETERY%

Log-rank
p=0.028

12 2436 48 60 72 84 96108120 132144156 168
i/ H

0

R A H
ci{10092 79 60 49 36 8 5 4 3 2 2 1 1 1
15011493 62 48 26 3 3 1 1 1 0 0 0 0

12 2436 48 60 72 84 96108120 132144156 168
L/ H

\ H|, Il Hs ESC Sato c2
\ ’ Hs_EC_Skotheim
| | Hs_SC_Shats
Hs_ESC_Bhattacharya 0

AR A
Hs_ESC_Chia W 4
||

Hul v. r\ iy {

I (M || H
“ ‘{l ‘ | Hs_HSC_Novershtern

| ‘i’ |‘| || l | e
i tﬁ P
|| "‘ ‘ ‘ Hs_ESG. Skotiman

‘ II Hs_iPSC_Shats

2
GeneCards -4
Hs_NSC_Huang

KEGG

Hs_HSC.MSC.NSC.ESC_ Huang
Hs_SC_Palmer

Hs_ESC_OCT4 targets_Boyer
Hs_ESC_NANOG_targets_Boyer
Hs_ESC_SOX2_targets_Boyer
REACTOME

||| Hs_ESC_Assou

|| Hs_ESC.EC_Sperger

MIT TNMAZ 8 o {EFRRE

/\ [\

YOO00008
Y00000

P=0431 P=0140 P=0004 P=0039 P=0045 P=0011

SE6SM>E5 ik W WAt W T T ETET W N W W N TG GEGE

A:TCGA } GEO & & il PAFI R R (K = 20 5B : 26 N1 JE R 4E ssGSEA V2 RS C2 M B i T 2 A8
# 1 Kaplan-Meier 447 {1 2% 547 s D« B8 9 114 37 284 1] 140 s DA BRARFAIE LR
E2 ETTFMHFCEENRESETHTIREE

DL PEAR OGS R AR AT SR 2K, A A it — 2P IAIE
ANFEIESCC AT HE AT ZE S . 2T ESCC
SARBNF, K FH GSVA Sk 1157 40 26 T MEM R A0 2

HEFE (GO-BP) FE [RIEHEAT V4, 45 5L 57 W5 0 L )
THEE M EAEEER QR Cl BEEE“T
1 ) R 457 R DB 1%, B H T B D T i (B 3A) .

are



- 514 -

HR [ MR R TR YT AR K, 2026, 33(5)

GSEA NS F R R R, C2 A 2 Mgt 1k
e A 28 A 1¥) Hallmark 2 D5 55 A SR 25 & 4, 3232
FLFE I A B (angiogenesis ) « Hedgehog il #4 IL-6-JAK-
STAT3 i % . KRAS 1 TGF-BiE#% (& 3B) ; 1fif C1 M 7E

h,,,:fk g
= ) el
’\'1"”"”‘

ik
\ it i l';"*

PONEAH I PR A R4 2 3 B AR, B AR TR /o )
(interferon gamma/alpha response) il % + % JiE 2 B
(inflammatory response )il % . #MA (complement) Ji
FREEEIC0) .

i
|| GOBP_REGULATION_OF_SOMATIC_STEM_CELL_POPULATION_MAINTENANCE A

‘LE Il |‘ ||| GOBP_POSITIVE_REGULATION OF STEM CELL_POPULATION_MAINTENANCE" = a
‘ il || | GOBP_REGULATION OF STEM CELL POPULATION_MAINTENANCE™™

| | |\ \ |\H || I l | GOBP_NEURONAL_STEM CELL_POPULATION_MAINTENANCE™™ [ | 2

| | IR | GOBP_POSITIVE_REGULATION_OF STEM CELL_DIFFERENTIATION™ 1

‘ { ||{ | | \|‘ J‘ \ GOBP_MESENCHYMAL_STEM_GELL_DIFFERENTIATION™* 0

It Il | | | GOBP_REGULATION_OF_MESENCHYMAL_STEM_CELL_DIFFERENTIATION™""" l.1

2

t I | 1)) | | GOBP_NOTCH_SIGNALING_PATHWAY*
IR |l w “ ' | GOBP_STEM_CELL | DIFFERENTIATION"*
![lli H " r ‘HH‘H \ljl GOBP_STEM_CELL_DIVISION**"
[l | J ﬂ GOBP_SOMATIC_STEM CELL_DIVISION™**
‘ | | GOBP_SOMATIC_STEM CELL_POPULATION_MAINTENANCE***
| GOBP_REGULATION_OF STEM CELL_DIFFERENTIATION™*
| [ | GOBP_NEGATIVE_REGULATION_OF STEM CELL_DIFFERENTIATION
J Bk ‘ ”w ! HI \ ] H GOBP_HEMATOPOIETIC_STEM CELL_DIFFERENTIATION™""
||| {1 DR !I‘ | H | GOBP_REGULATION_OF HEMATOPOIETIC STEM CELL_DIFFERENTIATION™"
. | | GOBP_POSITIVE_REGULATION_OF STEM CELL_PROLIFERATION™™
| GOBP_STEM_CELL_PROLIFERATION™*
‘ ,\ GOBP_REGULATION_OF_STEM_CELL_PROLIFERATION™""
Il i\ \||| | GOBP_NEGATIVE_REGULATION_OF_STEM_CELL_POPULATION_MAINTENANCE™
| I GOBP_MESENCHYMAL_STEM_CELL_MAINTENANCE_INVOLVED_IN_NEPHRON_MORPHOGENES
GOBP_NEGATIVE_REGULATION_OF_SOMATIC_STEM_CELL_POPULATION_MAINTENANCE
(I \ ’ eoap MRNA_3 END_PROCESSING_BY_STEM LOOP_BINDING_AND_CLEAVAGE
}F] | GOBP_NEGATIVE_REGULATION_OF_STEM_CELL_PROLIFERATION"""
11 |‘| |‘ 1| | |||l GOBP_STEM_CELL_FATE_COMMITMENT**
H it H H GOBP_MESENCHYMAL_STEM_CELL_PROLIFERATION*""*
| | | GOBP_POSITIVE_REGULATION_OF MESENCHYMAL_STEM CELL_PROLIFERATION*
| GOBP_HEMATOPOIETIC_STEM CELL_PROLIFERATION™""
1] | GOBP_REGULATION_OF_HEMATOPOIETIC_STEM_CELL_PROLIFERATION"""*
| GOBP_POSITIVE_REGULATION_OF HEMATOPOIETIC_STEM CELL_PROLIFERATION"*""
LI GOBP_HEMATOPOIETIC_STEM CELL_MGRATION_TO_BONE_MARROW™™™
| I || GOBP_HEMATOPOIETIC_STEM CELL_MGRATION"™"
h | GOBP_REGULATION_OF STEM CELL_DIVISION™™"
|l || I || GOBP_HEMATOPOIETIC_STEM_CELL_HOMEOSTASIS™™"

GOBP_REGULATION OF_NON_CANONICAL_WNT _! SIGNALING _PATHWAY™"""

GOBP:CANONI CAL_WNI'_SlGﬁALING_PATHWAY""
GOBP_REGULATION_OF_CANONICAL_WNT_SIGNALING_PATHWAY"***

o]
@]

A

= Hedgehoe (5 3 ll3

= IL-6-JAK-STATS {7 538 8%
== KRAS( Ziis (L#)
TGF-p 7 5@k

Wwﬂ.d e o oyl

- hRE
— RAERLEL
— R

UHRASTRE 41)

2500 5000 7500 10000 12500
KT

2500 5000 7500 10000 12500
KT

A TEAR S A i R T R 4 5 A B W T WP A S A BT . R Wilcoxon FEFIAS 3, *P<0.05, P < 0.01, P < 0.001,
P <0.000 1;B: C2HHA N & 421 hallmark 38 #% 2 R4 ; C: C1RHA TR & 4211 hallmark 38 i 3 R 4E
3 EESHBRTRESETUHTAENENFERRES

2.2 ESCC F oA 5 I I8 MR 5 69 7 R P 5 A7

% f CIBERSORT. ESTIMATE. EPIC #I
MCPcounter 5 7% X ESCC Ff A 4 % T B4 355 3k 47 0F
flfi. SEREIR, 5 CLML, C2 2 BURE & 12 T Fr
fiE, IR C2 W146 B 4 M i 451012 CD4" T 411l -
M2 B E R i | 5 S A SRR 4 A S i S A I K 4
JL P9 3 KT 25 T C L T C AP B 4 i M s
AP SR M 1732 A U V2 2 s T C2 (1 4AD .

ESTIMATE 73 #fT &7, 5 C1AH EL , C2 & EH 1)

Ji VF 4> & ESTIMATE 25 & vF 73 ¥ & 2% 7t i3 (3

P <0.05), T G 173 AR P M4 b 22 R e St
Y (P>0.05,E4B).

A 7 33k — 5 % A EPIC Fll MCPcounter 5.yE 1T
HESCCHEA M S s 4 i X CAF & & . EPICZ R
7N, C2 HE 3 iR A 2B T8 s 1 9 B 4t B CAF, T
C1 3 i 2H 23 BT 8 e 1 NKCAH A /K1 (B 40D
1E MCPcounter 53245 b, C2 B AR &S 141 i
BE P AR CL A0 B B Y R AN KT, [RTIS) CAF 5 St ol
RNEE S MAHZ R, C1EH MR AR I B
[ NK 4 s i 7K~ (4D o



b

AL, 85 AE B AR A LA A I Sk e SRR e T 1 2 1 P Y - 515 -

A B

ESTIMATER4r (hrififk)

958 % B TR (192 1 7K~ s D : MCP counter S5 PPl 638 M J25 5 40 e 92 7K F, P < 0.05, 7P < 0.01,
F4 SERERARIJIDKFEEREHEATHTIEBNESR

2.3 ESCC W& 5 %5677 R Fa 5 2540 5k
B A7

AHJFFL K FH TIDE 555 ESCC A S8 Va7
SN BEAT 738t e it 00 i (B 5A) o, TIDE 5k
T C1 R 3 0 %a 8 6 97 A IR B B 26 (597109,
54.13%) & & & T C2(36/150, 24.00%) (* = 23.39,
P<0.01);[FE,Cl1EEMTIDE W/ (W=4334,P<
0.0 T4 HEF P (W=3372,P< 0.0 ¥ 5%
6T C2 B, o 40 B B 14 T 9k E2.40 AR 3 g 2R TR 1F 4>
(W=10207,P<0.0DMITECI EH FE &, £ CI
BE T AT RE N I8 IT 3R i . TIDE HiE RN 15
7 PR T 440 e R R R A e SR R B R B B
II A EREE 3, C1 3% CAF(W=3057,P < 0.01)
J& M2 BURE ARG EELAL (= 6 915.5, P = 0.034) 1)
BERT C2EH(ES5B).

Uk Ak, 3 3k o 2 R 3% 08 1% 3k 4T 5 A B bE X 1)
SubMap 73 #7 45 J &7~ C1 Al BE 5 %) M HT CTLA-4 411
Hl75 4 35 25 (& 5C, Bonferroni ®2 I 5 P=0.012) . 44
R 7R T W ESCC 14 E2H 2 7] 22 /> G A6 73 4
(R IE (K 5D) . H i, BTLA.CD80.PDCDILG2.
SIRPa A1 TNFSF18 & C2 H i % 1 314 5 1 CTLA-4.
PDCDI1 I TNFSF9 7 C1 H & 3 = KA .

25 L 2 P Ath 28 R P AR Sk Rk HE TR T
ESCC™Y, 38 il 52 1C, R VAl P A T 14 2 4 % 497
YR BL . AW TS R R oR, C2 B X4
(cisplatin) « 7 V4 fi ¥ (gemcitabine) & % P4 fih 3§
(docetaxel) B HEUE (] 5E) o
24 MEARE LKL ML S;HIKEESCCFHL,A
Ao AR &

N T HRZRESCC T C2 WAL % O R 42, A
W 5% 53 B 7E TCGA-ESCC J GSE53625 Al idt— 2

K F WGCNA 77 ¥ i ide PR W R i Rp fE B R . 7
%%, 7E GSES53625 A B i, e K RIE S 40 B M 12
DA 0 ROBE X 28 CIo s BEFR A& TR 2L R? = 0.88),
B A B A /N FE R (minClusterSize) W & N 30, 3& 1
0 H 5 o B B R DR AH S5 R L 487 FH cutreeDynamic
bR 50K 3 R A B 2 R B 1K 43 Dy 14 A B TR AR 4
(module) ; B J5 , B FF AT 73 BUAE 9 I IR R AiE 5
A 81 Fl moduleEigengenes BRI 575 2 BT HRL 1) 26
—E/S (MB), 3 5 T4 A4S B Pearson 414
43 AT I i 1abeledHeatmap pR % 22 fil] 455 B - 32 7 4
K. gE R 6A Tz, 78 14 A6 R EL o, 2E g 4
o5 C2 FHE WA R E5RIEAHKG(-=0.53, P< 0.0,
I, % B A 5 9 GSES3625 BAF T 3 L %
O FE PRI

[F# , 7£ TCGA-ESCC PAFIHh , AR iR R 25 B
[FRE BN 12 AR TG R 4% (R = 0.98) , E IR 2%
W7~ LA AR AL A A i) B R B K1) 43S 10 A JE A
B (module) , 75 10 /MR R e, i B E 5 C2
T A 5 s B A 9% (= 0.63.P < 0.01, K 6B),
B, W5 €A B 5 8 N TCGA-ESCC A1 C2 T PE
TUAZ 0 R B

AHFFHE— 0T T BB S (AR B (R
RKILEHE—F B HIFMEMM 5 THEC2 AR
PGS, WK 6C~D R, BERHG = 0.56.P < 0.01,
B 6C) 5 (A B (- = 0.46.P < 0.01, K 6DI)MM F1
C2 FPEIM GS 2 IEAH K% ; AMM > 0.8.GS > 0.4
bR HE, FLTR I B 139 AN Rz O SR R 2 16
PRAARHAZ O BRI

Y B R BUZ ER i , IR A8 T AN AR IR 0
Fo5E SCRN C2 I B A0 FE R (] 6E) : COLEC12,
HMCN1.NEXN.MSRB3.HEPH.TAGLN 1 CLIP3.



- 516 - TR AE IR T 2k &, 2026, 33(5)
A B C
s WlusE *
100 e h%hsk P<0.01 . C1 b
50 & o8
C2
= 51 (45.87%) 114 B 0.6
= (76.00%) = ﬁ CI_F
2 50 & 04
3L I csz 0
5 59 -
® WRRR (54.13%) P g 8 3
' 36 : % g P e
0 (24.00%) g * * i FDRE i
C1 Cc2
FET A .
E BEat?c
*k ) 't .m .ih.
L .
. * 3 2 f H
10 : :l;’ g , H i
NIkt & S A g R
i oL = 0 L e
) . m = (i i
®” L = :" r Lrs
e ! ! |
5 ~ - 1
SO e
L]
e e . -4 $
A AG oD O oS b o R VS o ob S AR B (D D (O B &= Fe
e 2 A T B G R S s oS & W
STPF PP PRIV TR o o RS« S
AR CARS h A

A TIDE SR TN S8 16 9T B2 5 TR 43 A1 s B T PE 412 [0 1¥) TIDE T 40 i Th R b5 A HE /=990, CAF & M2 Filg
SR 2 R AT 2R 1B 5 C - ANk S ZH 65 471 PD-1 AT CTLA-4 M0 700 (4 SR 5 D« G 84S 788 s RH 5% 5 PRIE £ 48 Bl e W 4 2
(BB RIB 2 57 5 B e P TR M AEGT IR 55 VO Atk 12 22 VE AL SR BUR ME I AR 2618 . "P < 0.05,7P < 0.01,7"P < 0.001.

Es5 R|ESEmHTHETENET RN

A BRI B BRI C e b e
059 T r=0.56, P=6.4 x 10" r= 046, P=3.6 x 107
MEgrey60 | p<001) (P<001) MEgree"I <001 (%50
MEpurple (P<001)
MEb 033 033 LS MEgreenyellow %_‘2‘0) '(3;;3)
u (P<001) (P<001) 1
022 -0.22 -0.18 0.18
MEgreenyellow | (5Z001) (P<001) MEl"“"I ¢i0 &%
i 0.41 =-0.41
MElightcyan (P<001) (P<001) 0.5 MEtan 0,019 -0.019
MEpink | 231 031 ©80) (090 o o,
in' (P<001) (P<001) . 9 o
wesamonl || 020 oso ME,u,quo|sel 24 0.3 0.4 05 0.6 0.7 0.8 0.9 04 05 0.6 0.7 0.8 0.9
(-Po;(:.m) "(%;gm/) 0 0 B PSR Wi Rk )3
MEblacl _(F<0.01)J (P<001) MEyelow | @240 9284 E
-0.16 0.16
MEredll|l 000 004 o TCGA-ESCCI 18k
MEcyanl | 018 016 -0.5  MEmagentall| (p<001) (P<001)
YVAN| ooy 009 GSES3625
-0.27 0.27
MEyellow | p<001) (P<001) MEblue g2 i
0.0041 -0.0041 -1
MEbrownI i M MEbrown
MEtan ;ggg 0%
53 ME
MEgrey | F<001 @<oon| i
Cl C2 Cl C2
FHEEA FHETE A

A :GSE53625 BASIS R 55 — 5 o0 511 P RS PR A S M 4B s B : TCGA-ESCC PSR ER 55 — 32 il 435 -1k S0 BL P TR AH S P 4k
K. C:GSE53625 B Hh B e i b L [R] 3= il o3 AH S 5 - €2 WA R AL A A S 20T s D : TCGA-ESCC BA ) Fp i e B e 5[] 3=
R I ME 5T C2 4L A (KA S0 M S B - 35 BUR B2 GSES3625 BA 41 v B (s Rl TCGA-ESCC BA A1 Hh 5 (A i b A% 0 3
v S
El6 WGCNAXE ESCC T4 C2 WA %L EFERR

2.5 ESCCFHIEAHEABHEL P PR XGBoost FIF 20 /R 25 3 Fh 40 2588 i FH VR 3 4 I

BT ORE R L L WGONA AT &5 I, ik SRIPARMNREE M T R , 45 B W 7A fios , BEHLAR
H 7 AMZ O IR RE R 2 RAFAE , R Python P &40 MROBEEIZERER b R I A, HEH 281K 86.92% 5 VR I
ESCC TR /32688, GBI /0 BRI Z 111 FEFE M R %A R C2 3R S SO N 92% , Xif
Bl 2> DI 2R AE AU IG R4, VIR IF 0P A T BEMLAR  C2 R B HRR 5= 8 80%, H ROC i £k 4n & 7B Fiw



b

AL, 85 AE B AR A LA A I Sk e SRR e T 1 2 1 P Y - 517 -

BEHL AR KB AUC 3£ 0.91(95% CI:0.86~0.96) . 7E
XGBoost FlIHH1 25 4] 28 455 70 Ve 18 0 B 43 T 7, XGBoost
o3 8 AR ) S MR T HE 2R O 81.54%, R BE N
90.67%, H 5 F£ N 69.09%, AUC 18~ 0.86 (95%CI:
0.80~0.93, K1 7C) o #HZ0 X 4% 7 SIS 5 114 S A4 T #4E
FRONT3.85%, RABE N 81.33%, 5 53 N 63.64%,

A TR
BEHLARAR XGBoost

AUCTEIY ] 0.78(95%CI:0.70~0.86, | 7D) .

{4 FH bootstrap 72 X} 3 /M 2 (1) AUC 18 #f 47 %
EE , Bl HL AR AR5 AL 1 2 K 2 RE 2 35 5 T XGBoost
(P<0.01)FIFHZ /2% (P < 0.01) #i AL, XGBoost 1 7Y
BREE 3 BT A AR (P = 0.02) .

Fhzz %

6 69 ¥ p— 7

e o 14 61 ik
(90.70%) 60 2 (18.70%) IGIELED) 60
%0 40
20

40
44 1 20 . 38 20 35 20
b HHCI EiCH
Sl (50.00%) [CY ) . W CERLES) - (30.90%) . m G0N (86.40%) 0
—

HMCI  FGNC2 el BMCT B
B C D
1.0 LOF 1.0
0.8 0.8 0.8
i
£ 06 =Y 2 6
= % %
04 04 S 04
02 02 0.2
0 AUC =091 (95% CI: 0.86~0.96) 0 AUC =0.86 (95% CI: 0.50~0.93) O AUC =0.78 (95% CI: 0.70~0.86)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
[ELENES PR R PHPER

A SLIGUESE TR L R FEAL AR . XGBoost R ZE [ 25 73 28 S5 VA FE K AR s B - ST IGUE AR TR 0 B BEHLAR AR O ROC M 25 5
C: AT IRUESE 11V XGBoost ) ROC £k s D« A7 I IE AL 1k I AL 22 0 2% 73 8% (K ROC i £k
E7 eE#ETHETESA[ORSMHREITMA

3 % i

H AT, 37 5 BT A T R 2 SR 0 e A
%38 IR bR HE VR 97 7 5 5 (R PR B HE P R, 20141
ARG 2 MR R, 2 RN IT AT, T
JESREE#E . CSCHE ESCC i & A4 VE K RS LTt
2y Je G e e FE Y R FEOCEE L A 3
ESCC fmy & 5 01 0 35 PR AIK 1 A8 1) AR A7 P,
W A R IR PR e R 4 ) 4% R S R e A A
PRZ ESCC F i Mg s TR 123, it — 20
$E 5 ESCC B MG R385 . SR, 4 HT% ESCC
PR 2 W 2% 55 ESCC %o Tl 8 553 % e 928 ¥ 97 f5 vk
Z IV TE ST I RL S B FATIAE X 6k =, IR A — B 72
J& b PRI 7 X ESCC 74 R 57 4 4 928 106 36 L i 1 22
fift, WL T AR G BT SR T R . ARHTE A
i A AN KA ESCC 3k PR 2638 B 5 i R 15 18
BAF) 5 UE 523 T PEAH DG HE R A sE B ESCC 3 1)
FHET Y0 Y, 7R T YRR S S TR 5
JoR A ) P AE B, S e 1 S Y 5 I R S iR
777 SR AR AR AR 7 BRI . A, A BT
FHF R I IGAUE T F T B AL AR AR % 1) ESCC T 14 T

Ry RES . R A O TR RIE
3, 7E I 545 5 b ST 564 45 b 1 R B0 RRE 140
RS 31X — T (R S A I PR S B Hp R R 1
PR Y TR G e v 7 3Rk e N BFIR A T T SR AL
FB MR IR K B A ZHE .

FEARH FTH , ESCC &3 T AR T YRR AE 52 AR
FREAL . C2 FR 3 I R A B 7E fo 28 20 R IR Vi 5
TR F RIS CL B E AR RERE . BT
T 1R M2 B S BT iR CAF (1) & 5508 32 B
fE, HLFEFR VP20 82 Th o AE N IR R 85 v =
$5¢ 10 TR L 5 4 B B A , CAF ZE 3G AR &S R AT 43 Wb &F
TR 5 A AR M AR R, i R O R
SERI T RS (W B R R o X B RN AN AE 2
Vi) b SELAPSF 2082 T 4 ) e A o [X SRR , S o
SO R A A B LA R 5 A4S 5, i S
A 2 N T i G T2 80N 2 G T IR P T
B AR M TR RER AL kAl , CAF T B A% 41 i
SEAE B R RS LA Oy M2 B R P, R
W FERAE T AR A (1 S 2 5o, R C2 18 3%
X N T B P T TR R Y 1% A g% A ) A R A B R AR
M E R | C2 BE N IR IT MR M. % TIDE
SRV TR . 7 5 1% 2 BB 2 1 G B VR T B 0K



+ 518 -

HR [ MR R TR YT AR K, 2026, 33(5)

W E LT C1, SubMap 73 #r it — 2 3CFF 7 C1 & 7]
REXT HT CTLA-4 #0177 s 2 R AF W i o fECL A,
AW % 5] CTLA-4.PD-1 F13L 5] 3 73 ¥ TNFSF9
() I [ B JHC 400 i 253 T 9k E 40 P T e 2R R VT 2
IR E RS, PR H TME 727 KRS L ETh R
I R T bk EL 40 B, 171X PP TME ARZS 16 2 S 2
RPN R SR BN BR AR 3% 5 TNFSFO 3 B 7
P 3 A0 P SRk, AT OE T 4N i F ¥ 4-1BB
AR RAEILRNBE Ay FAER® . T C2 M 3Rk — 29k
2 8L % 75 4> 1, W BTLA.CD80. PDCDILG2
FTSIRPa %5 , B AT [ 41 A 1) 52 2% G g2 Sl I 8%,
SO LA B 0 1) G 925 1 35 8 RN iR R e 2
MiyZ45. GSEAZR TR, C2LEME AL . Hedgehog IL-6-
JAK-STAT3.KRAS J TGF-B i % i 2% = 4 , X L2 38
P AN BB (R 3 R 3 5 5 T 4R KR, TR Re VR BL A
SR PE S e A e S ad i b Rz - [R] B AE ELAE F A 3
3 CAF JE B, 33 11 41 328 T 200 itk Jie AR 4 28 90 s 42 o
TR TR 5 S ST, FEAE b B 40 M 1 A A TR R S
PR, X —g5 15 C2 Gy 4 4 i & 4 2L o F
ez 184 5% 1) 3 L AR AE A L EDAIE , B 7 e g - 2 S 2
7 S UR B R OA 58 S7 5E M TT e A2 3 BUESCC B #
PEVRTTIT B s WAEAL I 2 — . fEESCCHY,
CAF 73 WA I IL-6 LB IF 55 /& TME H (1 G 8 A Joi , i
i 55 3 WA ML % 3 CAF A0 98 411 B 22 ) )3 1, 44
o T ER . M2 L E WA L CAF 5 CSCE N
X 0 e 33 8 5 B % B AZ o AR B B AR, L IF T BSHIE
BT A1 A A A T 1R e R Rl BA 855 P 4 i 1) 22 B AR
(crosstalk) /& 88 & A2 K e 1) B I 1T , CSC 79 A [
TGF-B 7] i it STAT3 {5 5 % 15 3 CAF i fb 5 M2
R E R MR AL . AW A R IR, C1 LAY G %
PRy, X — AR 3R 8 1% 0 B BB B A S R IR 9T I
B R] R SR AT BEAR R R, T A6 IT 2454 1C,, THOM 25 S 4
N, C2 B F X (cisplatind . 7 PE Ath
(gemcitabine) & % 75 {th %€ (docetaxeD) 3 B . ESCC
TR 5 iR A2 R % SO 2 R ) AR SR TG, N
I R SE B S At T BB AE S : — J7 T, 3@ i g b A R T
P 2R P S 5 RRAE , T B N DR 2 A R 4 b 0 i
T BRI ISR G N o — 7 I, PR 5
AR W R 5347, Rt — P RAL TS PEAG A &, 12T
XT ESCC 8835 A A7 45 ]y i T AERf 1% . 2% |, ESCC
T WA AT RO AR G ESCC ML IR T YLk 1 &
EE =2

AT T A AN B 35 (R LR TR 45 A BT, BB
5E 1 74 ESCC £ W7 8 AH O A% 00 2 K (COLEC 12,
HMCN1.NEXN.MSRB3.HEPH.TAGLN #ICLIP3).
Wi o 35 T BE A LARAK - XGBoost FH#H 252 [# 2% AL TR A 25 2

SIS0 Mt bR T A% 0 BE K E ESCC T 1 74 4y
RN, IR PR REREAT Lh . WA AR,
BE B AR PR 7E S B M e 48 b L2511 F XGBoost fl
foi £ o) ¢ A AR AR S M ARRE A S B T B 1
AUC, H B A %8 s i 3 B 2R (92%) F1 5 [ 14 %
(20%) , 32 B IX S8 M b EP 0T ESCC T H B A
(X 73 fiE 7, 16 2 BLIGAIE T A% 0o 55 (R I A= W s 54
WA, FE ARG IR 73 B W PRt T HL38 2 ST AL,

oy 2 1 S 2R R ABE AR 114 7 AN TR o, ARHE 5 ]
AR A 25 B s () i 9 P9 I COLEC 12 ey 3R 1 1
545 E s TR, H 5 B E N R TS B A,
&) i, 7R 45 SCHRE™ 4R i COLEC12 A 1F A 45 E iy &
CAF Wi bR &4 ; 1Ak, COLEC12 W] it i3t 15 e 4 i
B5E TR ANR 28, 5 B B R 2 1 ot e AR A
LS AE A7 HAAE OG0, $ 7R FLAE VA8 g P T 4 o
AIRERFEVEF . HMCNIT = 2 pl 2 o 4 Jfa 7= 2R 2, 3
Al 3@ I T CAF 2 3k 0N 8L 4= 281, 9 5 LR e &
' 325 A A PR RR S R R TS S AE DG, NEXN
SR L e (1 P E 2 R AR 1 I AH G TLJS A s
CLIP3.MSRB3 =& ik 5 B Jm & N7 MR 5
R L T A BT S i 35 A U, T R AE AR B R
HEPH ] # CAF L i , 3k 173 i % S8k e 1ok P 3
NK 41 ffd 470 i 98 e 719", TAGLN 2 ESCC 12 28 Pk
FAHE G b R W AH A% O R, TAGLN PFH 4
CAF mI i3k &5 B e 55 75 Al G 2 16 1™

AT I ) SR PR 3 AR BLAE DL R AN 7 1 < B
— A LR R AOSRIR T AN R B R S
DL5E Az 3l fo , RS O 25 B B0 4 (4t Uk RN 4T
T AN AL, Hoah BHETT F I R A T 5 R KA DA 5
BEAIF s FL -, BT 1 S B S DN 7 B — D I AR A
SE 6 K e W ELAR AL, DLSRIE 14 43 2 2% I (2 b 5
ESCC 15 g% R 53 2 7] ¢ 5 IR N FAF

52 ESCC T4 T WAL R BE ML AR bR 4 2 g w]
BE AR ESCC 8 5 5 14 A0 T L 40 88 V8 97 I v
PE I AE LR W X — KRBT ESCC AN G
BITREIIF R B AESE . BT TN
P SO 25 5, R AR I BB A IR 9T O (T
Fe T L G2 ) S 2 e, 6 R T A 5D S
PERTET s 401 75 CAF D4 71D , M 5 il 2 —
YRIT SR BRAE S RS v | = R MR TR T AR
BT ) R 5 SIS AR

RSB : A VR E B A B R 2 v
[& % 3 K]

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer statistics
2020: GLOBOCAN  estimates of incidence and mortality



b

FOAL, 5 AT B BB R P B R AN T ) T T2 - 519

worldwide for 36 cancers in 185 countries [J]. CA Cancer J Clin,
2021, 71(3): 209-249. DOI:10.3322/caac.21660.

[2] YANGY M, HONG P, XU W W, et al. Advances in targeted therapy
for esophageal cancer [J]. Signal Transduct Target Ther, 2020, 5(1):
229. DOI:10.1038/s41392-020-00323-3.

[3] ZENG H, CHEN W, ZHENG R, et al. Changing cancer survival in
China during 2003-15: a pooled analysis of 17 population-based
cancer registries [J]. Lancet Glob Health, 2018, 6(5): e555-¢567.
DOI:10.1016/s2214-109x(18)30127-x.

[4] PENNATHUR A, GIBSON M K, JOBE B A, et al. Oesophageal
carcinoma [J]. Lancet, 2013, 381(9864): 400-412. DOI: 10.1016/
s0140-6736(12)60643-6.

[5] QIAN X, TAN C, WANG F, et al. Esophageal cancer stem cells and
implications for future therapeutics [J]. Onco Targets Ther, 2016, 9:
2247-2254. DOI:10.2147/0tt.S103179.

[6] GOLDMAN M J, CRAFT B, HASTIE M, et al. Visualizing and
interpreting cancer genomics data via the Xena platform [J]. Nat
Biotechnol, 2020, 38(6): 675-678. DOI:10.1038/s41587-020-0546-8.

[7]1 LIJ, CHEN Z, TIAN L, et al. LncRNA profile study reveals a three-
IncRNA signature associated with the survival of patients with
oesophageal squamous cell carcinoma [J]. Gut, 2014, 63(11): 1700-
1710. DOI:10.1136/gutjnl-2013-305806.

[8] LEEK J T, JOHNSON W E, PARKER H S, et al. The sva package
for removing batch effects and other unwanted variation in high-
throughput experiments [J]. Bioinformatics, 2012, 28(6): 882-883.
DOI:10.1093/bioinformatics/bts034.

[9] PINTO J P, KALATHUR R K, OLIVEIRA DV, et al. StemChecker:
a web-based tool to discover and explore stemness signatures in
gene sets [J]. Nucleic Acids Res, 2015, 43(W1): W72-W77. DOL:
10.1093/nar/gkv529.

[10] WANG H, XU H, CHENG Q, et al. Identification of a novel stem
cell subtype for clear cell renal cell carcinoma based on stem cell
gene profiling [J]. Front Oncol, 2021, 11: 758989. DOI: 10.3389/
fonc.2021.758989.

[11] LIBERZON A, BIRGER C, THORVALDSDOTTIR H, et al. The
Molecular Signatures Database (MSigDB) hallmark gene set
collection [J]. Cell Syst, 2015, 1(6): 417-425. DOI: 10.1016/;.
cels.2015.12.004.

[12] HANZELMANN S, CASTELO R, GUINNEY J. GSVA: gene set
variation analysis for microarray and RNA-Seq data [J]. BMC
Bioinformatics, 2013, 14: 7. DOI:10.1186/1471-2105-14-7.

[13] WILKERSON M D, HAYES D N. ConsensusClusterPlus: a class
discovery tool with confidence assessments and item tracking [J].
Bioinformatics, 2010, 26(12): 1572-1573. DOI: 10.1093/
bioinformatics/btq170.

[14] SERGUSHICHEV A A. An algorithm for fast preranked gene set
enrichment analysis using cumulative statistic calculation [J].
Bioinformatics, 2016, 32(17): 1665-i671. DOI:10.1093/bioinformatics/
btw369.

[15] CHEN B, KHODADOUST M S, LIU C L, et al. Profiling tumor
infiltrating immune cells with CIBERSORT [J]. Methods Mol Biol,
2018, 1711:243-259. DOI:10.1007/978-1-4939-7493-1 12.

[16] YOSHIHARA K, SHAHMORADGOLI M, MARTINEZ E, et al.
Inferring tumour purity and stromal and immune cell admixture
from expression data [J]. Nat Commun, 2013, 4: 2612. DOI:

10.1038/ncomms3612.

[17] RACLE J, DE JONGE K, BAUMGAERTNER P, et al
Simultaneous enumeration of cancer and immune cell types from
bulk tumor gene expression data [J]. Elife, 2017, 6: €26476. DOI:
10.7554/eLife.26476.

[18] BECHT E, GIRALDO N A, LACROIX L, et al. Estimating
the population abundance of tissue-infiltrating immune and stromal
cell populations using gene expression [J]. Genome Biol, 2016, 17
(1): 218. DOI:10.1186/s13059-016-1070-5.

[19] JIANG P, GU S, PAN D, et al. Signatures of T cell dysfunction and
exclusion predict cancer immunotherapy response [J]. Nat Med,
2018, 24(10): 1550-1558. DOI:10.1038/s41591-018-0136-1.

[20] HOSHIDA Y, BRUNET J P, TAMAYO P, et al. Subclass mapping:
identifying common subtypes in independent disease data sets [J].
PLoS One, 2007, 2(11): e1195. DOI:10.1371/journal.pone.0001195.

[21] GEELEHER P, COX N, HUANG R S. pRRophetic: an R package
for prediction of clinical chemotherapeutic response from tumor
gene expression levels [J]. PLoS One, 2014, 9(9): e107468. DOI:
10.1371/journal.pone.0107468.

[22] LANGFELDER P, HORVATH S. WGCNA: an R package for
weighted correlation network analysis [J]. BMC Bioinformatics,
2008, 9: 559. DOI:10.1186/1471-2105-9-559.

[23] e N RICAE X DA R R R S BEBEE R . R EEiL)T
i B (2022 4F O [J]. H 43 46 4 B 2R & 2022, 21(10): 1247-
1268. DOI: 10.3760/cma.j.cn115610-20220726-00433.

[24] HIRANO H, KATO K. Systemic treatment of advanced esophageal
squamous cell carcinoma: chemotherapy, molecular-targeting
therapy and immunotherapy [J]. Jpn J Clin Oncol, 2019, 49(5): 412-
420. DOI:10.1093/jjco/hyz034.

[25] WATANABE M, OTAKE R, KOZUKI R, et al. Recent progress in
multidisciplinary treatment for patients with esophageal cancer [J].
Surg Today, 2020, 50(1): 12-20. DOI:10.1007/s00595-019-01878-7.

[26] LIU K, ZHAO T, WANG J, et al. Etiology, cancer stem cells and
potential diagnostic biomarkers for esophageal cancer [J]. Cancer
Lett, 2019, 458: 21-28. DOI:10.1016/j.canlet.2019.05.018.

[27] GRAUEL A L, NGUYEN B, RUDDY D, et al. TGFp -blockade
uncovers stromal plasticity in tumors by revealing the existence of a
subset of interferon-licensed fibroblasts [J]. Nat Commun, 2020, 11
(1): 6315. DOI:10.1038/s41467-020-19920-5.

[28] GUO S, YUAN J, MENG X, et al. Cancer-associated fibroblasts: Just
on the opposite side of antitumour immunity? [J]. Int
Immunopharmacol, 2023, 122: 110601. DOI: 10.1016/j. intimp.
2023.110601.

[29] ISODA B, KANDORI S, SAZUKA T, et al. TNFSF9 is associated
with favorable tumor immune microenvironment in patients with
renal cell carcinoma who are treated with the combination therapy
of nivolumab and ipilimumab [J]. Int J Mol Sci, 2024, 25(13):
7444. DOLI: 10.3390/ijms25137444.

[30] MA L, WANG Y, CHEN P, et al. A review of hedgehog signaling in
radioresistant esophageal cancer: potential treatment target [J].
Technol Cancer Res Treat, 2023, 22: 15330338231169873. DOI:
10.1177/15330338231169873.

[31] KARUNASAGARA S, TAGHIZADEH A, KIM S H, et al. Tissue
mechanics and hedgehog signaling crosstalk as a key epithelial-

stromal interplay in cancer development [J]. Adv Sci (Weinh),



520 -

Fp ] R R IR T A%k, 2026, 33(5)

2024, 11(35): €2400063. DOI: 10.1002/advs.202400063.

[32] MA R J, MA C, HU K, et al. Molecular mechanism, regulation, and
therapeutic targeting of the STAT3 signaling pathway in esophageal
cancer (Review) [J]. Int J Oncol, 2022, 61(3): 105. DOI: 10.3892/
1j0.2022.5395.

[33] SONG W, DAI W J, ZHANG M H, et al. Comprehensive analysis
of the expression of TGF-f signaling regulators and prognosis in
human esophageal cancer [J]. Comput Math Methods Med, 2021,
2021: 1812227. DOI: 10.1155/2021/1812227.

[34] KARAKASHEVA T A, LIN E W, TANG Q, et al. IL-6 mediates
cross-talk between tumor cells and activated fibroblasts in the
tumor microenvironment [J]. Cancer Res, 2018, 78(17): 4957-4970.
DOI:10.1158/0008-5472.Can-17-2268.

[35] MORTEZAEE K. Exosomes in bridging macrophage-fibroblast
polarity and cancer stemness [J]. Med Oncol, 2025, 42(6): 216.
DOI:10.1007/512032-025-02774-6.

[36] ZHENG H, LIU H, LI H, et al. Characterization of stem cell
landscape and identification of stemness-relevant prognostic gene
signature to aid immunotherapy in colorectal cancer [J]. Stem Cell
Res Ther, 2022, 13(1): 244. DOI:10.1186/s13287-022-02913-0.

[37] WANG Y, CHEN Z, ZHAO G, et al. Cancer-associated fibroblast risk
model for prediction of colorectal carcinoma prognosis and therapeutic
responses [J]. Mediators Inflamm, 2023, 2023: 3781091. DOI:10.1155/
2023/3781091.

[38] SUN X, ZHANG Q, SHU P, et al. COLECI12 promotes tumor
progression and is correlated with poor prognosis in gastric cancer [J].
Technol Cancer Res Treat, 2023, 22: 15330338231218163. DOI:
10.1177/15330338231218163.

[39] WELCKER D, STEIN C, FEITOSA N M, et al. Hemicentin-1 is an
essential extracellular matrix component of the dermal-epidermal
and myotendinous junctions [J]. Sci Rep, 2021, 11(1): 17926. DOIL:
10.1038/s41598-021-96824-4.

[40] LIU C L, PAN H W, TORNG P L, et al. SRPX and HMCNI1
regulate cancer-associated fibroblasts to promote the invasiveness
of ovarian carcinoma [J]. Oncol Rep, 2019, 42(6): 2706-2715. DOI:
10.3892/0r.2019.7379.

[41] KIKUTAKE C, YOSHIHARA M, SATO T, et al. Intratumor
heterogeneity of HMCNI mutant alleles associated with poor

prognosis in patients with breast cancer [J]. Oncotarget, 2018, 9

(70): 33337-33347. DOI:10.18632/oncotarget.26071.

[42] ZHAO Q, HONG B, ZHANG X, et al. Frequent gene mutations and
the correlations with clinicopathological features in clear cell renal
cell carcinoma: preliminary study based on Chinese population and
TCGA database [J]. BMC Urol, 2024, 24(1): 170. DOI: 10.1186/
$12894-024-01559-9.

[43] YANG J, CAO Z, YU C, et al. Identification of a mitophagy-related
gene signature for predicting overall survival and response to
immunotherapy in rectal cancer [J]. BMC Cancer, 2025, 25(1): 15.
DOI:10.1186/s12885-024-13412-1.

[44] ZHANG S, ZANG D, CHENG Y, et al. Identification of key gene
and pathways for the prediction of peritoneal metastasis of gastric
cancer by co-expression analysis [J]. J Cancer, 2020, 11(10): 3041-
3051. DOI:10.7150/jca.39645.

[45] MA X, WANG J, ZHAO M, et al. Increased expression of
methionine sulfoxide reductases B3 is associated with poor
prognosis in gastric cancer [J]. Oncol Lett, 2019, 18(1): 465-471.
DOI:10.3892/01.2019.10318.

[46] WANG M, HE Q, CHEN Z, et al. Integrating multiomics analysis
and machine learning to refine the molecular subtyping and
prognostic analysis of stomach adenocarcinoma [J]. Sci Rep, 2025,
15(1): 3843. DOI:10.1038/541598-025-87444-3.

[47] YAO L, HOU J, WU X, et al. Cancer-associated fibroblasts impair
the cytotoxic function of NK cells in gastric cancer by inducing
ferroptosis via iron regulation [J]. Redox Biol, 2023, 67: 102923.
DOI:10.1016/j.redox.2023.102923.

[48] TAN'Y, SONG L, MA J, et al. Single-cell analysis identified POSTN(+)
cells associated with the aggressive phenotype and risk of esophageal
squamous cell carcinoma [J]. HGG Adv, 2024, 5(2): 100278. DOI:
10.1016/j.xhgg.2024.100278.

[49] ZHANG J, JIN X, HOU Y, et al. Comprehensive analysis of the
critical role of the epithelial mesenchymal transition subtype-
TAGLN-positive fibroblasts in colorectal cancer progression and
immunosuppression [J]. Cell Biosci, 2025, 15(1): 66. DOI:10.1186/
$13578-025-01405-x.

[UisHEA]  2025-12-02
[Rx4miE]  HRmER

[fEEIHEA]  2026-04-01



