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Abstract Esophageal cancer is a highly invasive malignant tumor of the digestive tract. The five-year
survival rate for patients with metastatic disease is less than 20%, which represents a significant challenge for the
prevention and control of this disease. The absence of a serosal layer in the esophagus provides a conduit for tumor
cells to readily disseminate within the esophageal wall and invade adjacent organs. Furthermore, the esophageal
mucosa’s rich vascular and lymphatic networks facilitate the dissemination of cancer cells to distant sites. The met-
astatic mechanisms of esophageal cancer are complex and varied, rendering the current preventive and therapeutic
options largely ineffective. This review examines the primary metastatic pathways of esophageal cancer, including
direct invasion, hematogenous spread, and lymphatic dissemination. Additionally, the review explores the molecu-
lar mechanisms that facilitate metastasis, with a particular emphasis on the roles of epigenetic regulation and post-
translational modifications in activating cancer signaling pathways and metabolic reprogramming. Moreover, the
review offers a detailed examination of the TME (tumor microenvironment) in esophageal cancer metastasis, eluci-
dating the contributions of immune cells, fibroblasts, blood vessels, and the extracellular matrix in facilitating me-

tastasis through complex interactions. A comprehensive understanding of these metastatic mechanisms is essential

for the development of novel therapeutic strategies and the improvement of patient outcomes in esophageal cancer.
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Esophageal cancer mainly spreads by three main routes: direct invasion, haematogenous metastasis and lymph node metastasis. Direct invasion allows
esophageal cancer cells which break through the esophageal adventitia, to invade adjacent organs, including the trachea, bronchus, mediastinum, major
blood vessels (e.g. aorta), pericardium, and nerve bundles. Haematogenous metastasis and lymph node metastasis usually originate from the tumor that
has invaded the submucosal layer of the esophagus and, through the blood circulation, reach the liver, lungs, bones, brain and other organs with rich
blood supply, forming distant metastases. Lymph node metastasis is the most important route of esophageal cancer metastasis. Due to the special struc-
tural characteristics of the esophageal lymphatic network, esophageal cancer is prone to jumping lymph node metastasis, forming distant lymph node
metastasis. Lymph node metastasis is an important risk factor for esophageal cancer, and the 5-year survival rate of esophageal cancer patients with
lymph node metastasis will be less than 30%. The lymph nodes are important immune organs in the human body, suggesting that metastatic esophageal
cancer has a strong immune escape or immunosuppressive ability. It is important to further study the interaction between esophageal cancer cells and
the immune system to better understand mechanisms of esophageal cancer metastasis.

Bl REEEBEAR

Fig.1 Diagram of the metastatic pattern of esophageal cancer
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cRNA)Z —ZRKJE KT 200/ MZ IR IR 4w IS RNA
T, B 454 DNA. RNA. EARS 5 EMBHUE
. Gt i E BB R RIA IS 2 MR, K
EIEHE R, LncRNAK 5 ESCCH) R A AR J& %
DIAH G, Jifi 34 A5G IE G4 (1) LneRNAF B T ESCC
(R 2 . TS ANAYT . LncRNA LUCATIZE &
B RIE KT S R S Z A0 G, LUCATI
8] 2 WL A% I 15 X7 DNM T2 2 AL 81 I £
SE LRI, AT kS0 2 DR R Bl R AL, DB
HARIL, (2 EBSCCMGE#E g 19, 5 RS A &
I CASCY5E ESCCH ik F & i = i LncRNA, H
KIEE S MR AN TNMZO AR B 5 2 1E A
Fo CASCYOM IS 524 EZH2 S PDCD4 A 5T,
PDCD4{)3i5 , M3 ESCCHIAE KM 6, Ln-
cRNA HOTAIRFI PVTII 0] 1 Ry 43 g 45 WL it
microRNA, ¥4 5EESCCHR 2B M FEF2 e 7716560,
413 #iFE540 #41% J5 121 (post-translational
modifications, PTMs) &5 £ & H i e Bl ¥ G , &
A1 IR 2 A0 25 I S R I B ok A S A 1 4k A
T R A3 1 &5 R R T B s ) ok R R AL )
BB imaime 2. BmRik. 2/,
PTMs K 38U A 5% 208 H 02 3 1E 5 40 i (1%
PEREAL, 550 IR AR R D) ORI 198, ok %2
[IRE TSR W, PTMsTE 1 & B i A2 b R 1546 S 2
1EH .

() HEAZZREEEREEE. EARZE
A& (ubiquitination) & HHiZ 2 IE R (E1. B2
E3)¥432 2 (Ub)IZ AL (5 16 22 4 2 1 R e I R
PRESEMIE RS, R MBS SRR E AN E
VT T T A R A 52 T 52 A4 P A B 4 D P 3B H
WHRIEGSHMW A S, MRbRE Nz R
B B R T B A 2R, R A R 4
. ThEE. e KAt , 32 S IE R AR
TEMEFAR T, Snail £ 12 b B2 8] 5T 4% 4K (epithelial -
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mesenchymal transition, EMT) ) 55 ZLiA 5 [A 7, JL5&
IR KPR SR A L (38 B AT RS RE T, KT
AR B 2 OCEE ., Snailfk A & HE A
FaE, W ERIIR A RAEZ B, b5 45 A5
RIER M. ESCCH & IA 292 # 1L OTUBI J¢
PSMD14, —EHHEN T Snail (232 24k 1 40 1) 3
BifA, (I ESCCHEF2"™, VEGFA J2 5 2 1) I A=
K7, 8 e 8 O 5% A R PHFS AR I
PNz 2 % B R MDM2 A F 1) VEGFATZ & L8 1fi
1 VEGFA R [ FRIAIKF, AT 348 Bl g #H G 1
WA KR A 7 B Rz R AR R 5 R
JE 13RI T FRATT A SILAE B R RO P £ e
HH, X2 RZMUEFOTUD3Z el T iRk & T
W, I FRFRRNALS & 2 I ZNF3611iz 2L, 4E
FF VEGF-C mRNA = /K-35, 2 3k i Jag ok B2 808
A J ik B e A 12

(2) B ABERR AR S EREAL . BEIR I AE
R H U AL R, K =R IR T (ATP)IY
it 12 i 141 DAt o %) 0 o0 42 & 2 1 R S R IR Tk
SR PR, BO R S EE S EOE
YA, JE T bR 1R 28 K R RE e . R AR
H RHCGH] LA IxB (1) 8 B8 A /K~ 52 7€ 1B, Bl
Jei BELIBT p6.5 A% 5 A A NF-«BAS 5380, Afi 14
R 4R E A B MMP LR MMPO R ik, 1] ESCC
(REFE U9, Brithz 4b, BRCAITM KX E AT A&
I PKCCRE R AL Ik BB IKK B, R85 5]k
NF-«kBAE 5 18 2% (1380, 26y Nk R MMP9
A VEGF-CI3Ri% , {23 ESCCHIR B MEEFE ), 1E
ESCCH NETOR L /K FF+ = il e #fERK. PI3k/AKT
N 3B % R R R T Nef2 OB A, 0% 1R 38 % K
ROy 7 5 30 B B MG S A L 7 U9, Yes14H
DR S Y DR 1 22 o S48 Hh O HE (1 2 4 o 4
(IVE R, NEK 23 1t 78 Thr143 67 SRR AL YesHH 56 &
1 1(Yes-associated protein 1, YAP 1) rdr H 457 55
IR AR, JEEESCCHIIESE . EMT R FER, It
Ab, B E BB 52 ZAKFAER, =
H R S E R G . Tyr2347 B R fb
(1 B 2R 1 ANX A2l MY C R (A 4012 AR i
RABRREE, R MYCE ARREtE, JHET RS
MYC-HIF1A-VEGF/{& 5 2 i3k ESCCA iU 112 2%
AR U8, eAh , WNT2 DA 38 o 30 61 5 il 2832 4
2(frizzled class receptor 2, FZD2)iZ Z L2 ¥ FZD2%¢

1A, FEMFZD2E #ESTAT3 Tyr70547 f (I BR Ak 1511,
WO STAT3 5 5l %, {23 ESCCAN i Y EMTAI it &g
R, XU AR, BRI R E 2 A
KEE 5m AT, 5SEEmEREIMEL. H
R, BRI 77 R R AN B T B R, WS
o AR RS A DGR R R NI AT, B ) R S
RS HEIRTT 7 S0 B m b B R 1R YT ISR I 0k
DEIWER

Q) EHOBLAEEEREE. EARL
FEAAE 1 2 AE SR R B E R, 5 £ 19l il
A(acetyl-CoA) AL £ I 4175 n 22 2 1 N-3i B
RIRGRHE B, @R AR, 0
PEUL I 5 HARAEY) oy T AR BAE SR IRIE R B )
e, WFFLRM, BE P OCRIIBRE AN OB LE
W 2 -5 R AR 2R AR RS A DA O . L3N B AR
YR 2K A Fascinfe /40 I 2200 08 & T ) S IR 3R
22RO S BT e B e E AN L (1) 3E A5 . 7E ESCCA
furp, 208 A L FE I PCAF S Fascinf B.4E I
512 Fascin K47 147 55 R A ZEALAE M, $0HILsh &
1 45 G IR GRIE PR I E A IR A /R ;i MPCAFER
LA, JE CBAE ) Fascin ik K&, I
WIS A VB B AR 22 R TE R, 58U R
AL RE 7, WELERE A —PhVEREMREE, BRI,
W R A AL B RE R A LOX L2 BEfE 25 b s 45 il A7E
K134 55 1) B AR A, _E R T 4 i A PR 2 55 1 i i3
MR P AR 1, 5 B e ) AR U g A A e g
R0, LB SR LR ARBE A, 2 40 A
HH— AN CEE R R P9, B = RIRIGH (TCA
TEI)AER. B, SR FC R 5 A A
JR L BRAAB i 1 23 T LG Bh T 45 6 B 2 e
B IINLEL, JEA B8 SRR A &, B KEH
RSB RE IR IT 71
42 WIMERZR

i e 2 e R 2 S PR 5 R AL K R G
Y. PR RGANA . )% 3 G020 B R R I 4
AN R AR R 2R o P Re 4 B 5 A A 15 L A 4
J AT 3@ i A WA T A T AR AN BRI ST A0
[ T, T2 ROR) T8 TR AR 7R R = S A
R RS, I SEIIM R AR A7 KRR REFFFE .
BERIRIE T 2 H A S5 45 H U R, KPS A%
KM, &, REFMEERSE. SEFNRHK
fRF SR PUE TIKE RS MERS. RIXRG S
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[E2 588 EE R, FARRR I 40 i 05 R 4
S TE BB A T R RAE EEAE
421 wE R MEMHXLERSER, gk
AL, EE MR R, B SRR L2 4 oh
J, A B8 IR n) R P S i S R 1)
e ARG B, R JRE AR D I 1Y) P B 4 5 IE R
WA R R E R AR ER, &
FAk LA AR O DGR R, B R s A I AR Bk
PO [E, BT VEGERAS 5 & BOE , IR AH ¢
L5 HP P B A0 o T ) 5 B T B AR B, R =i
by PR, TR FRoR AR R I B = A0 DA K
JUVE AL, A5 75 b8 200 i B 2% B v ek N I 1. £
R PR T ) T P R 4 B R I N R A
JLTE 248 A1 58 5 R T SRR K BARE R E E
PR IR A G I P B2 41 i ] B E i E S A R
SR T8 200 ) AR AR A B 4T Ay 4 M R 1f 5
PN B A A7 A S M AR ELVE T, TR g it e —
IR 37 A 0 TF S A R 45 2 8 51, g I ANy
i 4 B2 (75 R RN AR, 3 AT 3 I R T 9 TR T DA
FANEEI, SR RS AT AR SO UL 5 R 4l i 1)
AR ZE M, 7R B IR R B, P AT e
T I B R Al O iR 41 i EGFR/Sre/FAKE B, 3t
T 84 5 e R T 1

W A Rz 40 B Ak, I A B 4 8 TT DL 2 5 1 45
RS o TR AN M SO PR R R REGT A, n R) e A
5 P9 B2 AN [ - 15 I P R Al — B, TR AR
KA AR AT AE 3 SN RE I o 78 g #E G i
Hh, PR 5 ek, R 4 MR P R A P T A
TERZ 2T, S8 EBMZ0 . MR Ea
(RS 265 L A AR B R, Ja 8l T — R4
YT i S, I 1 i R A K R A
£ i 2% -2(angiopoietin-2, Ang-2)fJ7K -, 18 i if & i@
P, TR 7 AR HE 1 A A 0L U RN A4 i 7
Ji 7. VEGF /2 5| 2 J& 40 -5 P 1 4T g 25 1) S
BB JE L 7 s, AN T o R e R i A I T A
AR T M 5, B TR A, Filvsed w40 e 1 SR R 12
TE PR 5 B 1800, A A 28078 A 2% I e R 400 Pl S T
BB A8 T &) 2 I (0 S 4, TR D ) 4 e i 2 40 o) P
T 9%, (RAER RS e A SR, 7R BT AT
SN, KT AR ARG R .
422 HEFE% FEEMELSERS TR
B BEAAMMIZAL, HE D RIFEFMEERA,

T A2 IR Ik G e R IR O B B D 3R, 4 R
AHHE NI R, MRS e A K —F
I MEE RG22 50,

MR A R S L R i 2 G EIEH
IR EE RN B 25 0T AR iz b S B R i, JMyRg A
KB E R v IE MR AT AR R e H R
/IR UV GEEE NI PN MIWIN Y d i e e ]
TR ELEE , T R e 72 20 B B3 A5 R B A 45 1020,
MBI — N EEN WG R, e S e
MR EERKEE, BAE SRS E®
S B3 FE TR A OLR , BRI JLF ik 2
BrA s AR MR R AR, MR AR 2 M E
SHTHEFHEE K. gEEPSEIHRE
BS54 EEAHE . VEGF-C/D. VEGF-
A. FGF2. PDGF. HGF%U+*], Hth VEGF-C/D
5 B T E N 41 7 VEGFR-345 &,
WOE 5 A B 40 B 5 AT R AH DG S 5 %, =ik
V-8 VEGF-CX J5 & it 988 1) A= K LT 3 A 2l {H
RE 5 S0 C0 AE ORIk B2 45 98, g LI B FH 38
AE MR R R A 2 T C & B3 Y. VEGF-C/
VEGFR-315 5 18 6 B0 A =2 s ik B2 8 8 AR
PIOCEE N | AR BN, 5Bk LR &
AE A RIS % VIR OO, w0 £ 8 e ik 12
SEIL R I DG KT

JieE 4 MR FH 2 Y BIg ST AR AR L, 1%
TR K EMT#EAR, SN R IE Rl EH5E
R, WSS RE I FEIE AT P Rz 40 B BTk
AL I 45 & Mg K i 324k, AR 2L s
ol IR AL R MR BT CXCR4/CXCLI2
VAR A R T OCEEE BRI O
CXCR4Z A3 ESCCk B 45 #4675 13 i i A i b i #
S Bl 24K . CXCLI2E MR B 45 b i,
T 175 5 P R A R % S A Sk TR R B A A i O
CCL21/CCR715 & i ik ERKAF 5 18 4% 18 5% Jo 41 g
(K3 # AR 22 RE 11; VEGF-CIE [ A5t g HER B Y 2
YHfH CCL21 43 Wh B, AT RF2E IR 3l & e bk B
ghERIY,

Ji 988 AH DGtk LA IR JE It S 5 R T S A IR
PRI IR 4% A% o IR A S Ik B PN B 4 ARe R ) 3R T
31 PR ) A ) N R A RS, AT BR A
G e I, LA, R AH DGRk E Py B 4t i ml e ot 1
PDL 1) AR 1 CDS* T i - o2 HAE i
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IR O B [ AR SR 1021050 bR EEL P B i i R R R A
(K] CXCL123 T4 I+ 2 Fh Zh BE Pk e 5 57 1k CD8'
T [ CXCR4, BRA% HAR Hfibgg, PR R o 4
i 25 1 T4 S 7K P, o ] ek g g e 104
423 MAEFZumin  IEK, BokEZ TR
WP 22 22 25 A5 e 0 1) RS 20 FH A% # vh R 15 55 S B
F o I A 58 PR 22 R G0 P AR A T
P22 i o 4 e (it 4 R TR B o 4 i ) A =
HE RGMI ALY WA DUEE 4
T PHETE IR AT AE, S0 iR 0 B i) 47 0T
SAEAG VER A, MR A A E R & B A A 2
HIPILR, 50 1R 22N 7 B V)R O,
P22 2R 4 20 B A TR P 22 046 T 25 T B IR
. CBEERERI s E SRR T M A K E . N
Y i 228 3% DR - W AR i Rg e R PR G B A
2T 100, e v 1R p 2 SCIC I I 2 21 40 Tk
Bl R HZ R EER . mREMEEFRKET
NGF & & H AR+ 8 A &8 77 B 1 52 AR 3
1 1 (neurotrophic receptor kinase 1, NTRK1)RH 14 #
PR PRI R PNGF IS R R 5 8 = TNM 43
Wl WS AR A AR R, X
Il NGFuI L)) £ 8 S5 bR 40 P s (1) 4 2200 #8111
AN, P2 T 4 R U B R 7K P NS G 1 i 0
TGF-B/Smad /5 51 % 75 5 6 & i 40 M A 3 2 12
K EMT, SEREEmER ., CEME RRiEv] @
it ol B EIR R AR R EE N E SRS, 2
BEMLAEHAE . REVEH 4. EMT. 84 iz 3 A
2R, Hil, SEmSMAE RGN E/EAH
B M ARAT B 78 70 1 B, 75 23— B IR 2 TR
57~ FB AR IR AR 7 B i
424 S Fstmie  MURYINLER. ARG
ARG R MR SRR R EERT . R
B, TME 1) 5 5 40 i AR 2D A= B PR 20 202, (HEAT
5 it Jed 4 6 ) A ELATE A 22 77 T S 0 b 83 PR 2 P 3
J&. BARCRUE, S8 AN nT DO AR 2 Rl
FEOC G, LG TN B RS, B
Wik 24 AR v P 0 58, T SRR S PETME, g 17 41701
PR S OB, 4 v A M AE R A 9 B R I AR
F, iR g R RS, BEmAS
o AN 2 TR O AH EAE B T R OA G, B G
TR T R R A i e R R AR I AR A . BRI,
SRR R I o B A S A e 2 B R Y A L

ER, NMUAR TR 8K A RN
TELENLE], XA S PR A0 TS 1 it A =
=&

(1) TN TR U5 T B B Aok 240
JH, 6B R P A R T8 AR B L VR AR B O3
T4 B () S 4 B AL 2R, R BT I8 Go 2 0 i g8
R RS R REENIEN . EMEE®
AR, MR AR AP B s B RS T
O B fi, ROk T4 B2 5 i ik e 2 % 3ok P 1Y) 2
K. THMEER 0850, ResmEmiT
Y (CD8" Tex)fE B E MM E L T = EE
£, RUVEER B I 40 p 5|k 1 Sz ) 1, 1
T THH M (regulatory T lymphocyte cells, Tregs) &
CD4" THfrh BA S f0l4F i = 2, &
B R E MR D S E %, 178 Tregs 4
PALE & 8 i A I R T R OCBEAE R e
B JONE 5| TregsiR il , Tregsifid 43 WA IL-10.
TGF-BEF I LA M 8+, #i CD8" T4 ML Thfe ,
T 5 0 i e 3t Je 5 3 #5110, 6 Ab, Tregs 5 M2
RGN . CAFsIL R i 2 Fi, 41 CD8*
THH A T BT 8 G 3 S, 3 T 164 56 e 83 4
FEIER R G ARG e T, SATE R 4L, T
B PEAR I 17(Th17) & —FoE K BLA) CD4 B T
YA, TT A UAIL-17, 16 B 5 % M5 AL
A G % S B R A B EAE U BRAE AT SRR,
Th174 i34 IL-17A W 155 ESCCHH i 7= A= #a k.
PRI, 208 T4 . B4, DCAIM. NK4HJ
S5 2 Fh G % 41 i SR AR B ESCCAL 2 I R 4% Hi e
PERTUR . SR, Th174E 6 &m0 B AR 1E H
Koy LI A ek — 20 .

(2) & HEJR M HI 40 )Y (myeloid-derived sup-
pressor cells, MDSCs). MDSCs & — 2% & B 73 i P
P BEIRTEAE i, B BB Z AL . Bk
VT B R SR AL A M, 32 S I ) T e AN
NKCZH it 1) 4 28 e 7, A 3 Tregs i A4 3 B o 2
i, e Rg e, MDSCs il Bt B 2 2
TR, HEEAT CDST T MG FE A D RE , R
HEERRBMERE0, WEERNE, S
BT YN B 35 H ) MIDSCs, i 32 T2 Al 492 i 1
B, B e A1 B ad W 1k R CXCL8H
FEMDSCs, MDSCsidt— 5 1 5if £ & i Jeg 41 Jfa 11
FAR B F 127 BT o 6 Wl 40 i 2 B R R
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15 miR-26b-5p 140 i 7 37, i 1S PTEN/PI3K/AKT
15 5 B03% MDSCs, MDSCsitt — 5 {12 ik £ & iy 4
FEU, WL, B 4 i 5 MDSCs B AH B A FH AL
T GBEMHIROA L, X R Al TR AL A B R e
HEAEEE .

(3) H R o iR A G H A 2 I (tumor-
associated neutrophils, TANs)-5 /3 A [ A 1Rz 4
M Thhe B 3 25, TANsEA L R 12
Z&. WERS R BB RE S U0, HEIRIE , TANs/#H 4
Mt T S R S R A L B RIR TR
TR K B 30 TNM - BAZE YU AE OG0, S5 4k 5 i v
WL A A AR R T, T B PR Y B 21 (neutrophil
extracellular traps, NETs), & & 4+H NETsH £
PR B R R XS 132133, TANSIE fig % 3 3 2 T4
MMP-9F1 VEGFZ: 5 i & A i, il it 43 Wb 1L-
10, CCL2%, {2t S ) 5 Mg 5 #2134, bt
TR I, TANsHIE 1 CTSG R [ B 18 5 il 8 241 i 11
5N RIERERE T, (IR AL RE 1), 5k CD276
) ESCCHT g i _E i CXCL1-CXCR21E 52 i3k
PERIAH AN NETs 724, T T IR 40 i -TANs”
IR 42 A R 13

(4) MR AR B A . bR AH O B 40 (tu-
mor associated macrophages, TAMs)ifi i 175 L& A4
R~ G A i) AN R R R 6 R 1T, TAMs
AT DLIE S 43 WA 101 TL-60 TL-8%5 22 Foh 4 i (K T~ % 48 i
A, AR 4 R A EMT 186 98 HR 28 1k . [+
i, TAMsHIHT )5 S8 DRIk S5 , Mt B#A% T T4
XF TR A B R R T, IS5 T S R G B
TAMs 73 = 7K V- 1 22 5 56 98 Bl FN A 23 2 1 g,
I b I8 S PR 558 H IR R S5 5 4, 9 B A e 4 B AR R
ALY BRI R 1381390 gk Ak, TAMsIR B id VEGF-
C/VEGFR-3% /1 Ttk & AR 1, 32k sg bk LR 4 3
Fo U3, RN R R IE CCL2, i CCR23Z 1A
M) 2 M BAZ A0 I 33N TME, JEE— 2515 S H 1k
N TAMs. TAMsiEid 5 CCL3 540 A BAE A
45 Bl ey 200 PR 2 A S0 T R R A K 10, kA
TAMs ] 4334 22 Rl B A 12 05 A A FH B0 4 R IR
IR RTINS, BB AT R IR A R 5%
AR T3 A T B0 LI B A ) 2L 2 43 b R IR
C1QC’" TAMSsfR i & B % 4%, ik — L IHLHIT 78 K
ILCD74"/C1QC" TAM5 CD8"/CXCL13" Tex#H H.AE
H, R BFESCCbk L & #5751,

N T L R A R A 1 7> T LD, 3RATT
R e T s B R 1) P ERLRI AR R 358 DR 3R 5 45 ) 2
B

5 BEREBRTIUN BT RS
5.1 #FHE|EREMRE

KR o T A 20 7 R ) e R OC
B, EEE LR AMCEE LS R T, 2 R i Rk
I3 BT R AR R A, o — S a3 T T e
W, A AT I R gk R AN TS A . MR T
ZH A (cancer stem cells, CSCs) =LA & 5 1 H 5 ¥t
REZT~ T 225 DA K O s R e R T8 e, R MR ) R A
REAE KA A R E . DR, # R CSCs A
TEm AT IR T EROES . TR, TATELE
BB CSCsHH IR ) 40 T-hn &4 S FL R
511 REREREOVHEAEMIFEN  FEESCCH,
CSCsHIZKF I+ 5 B 2 P TE V1A oG M, SR
ifi, &4 Mk, T B ML E AEVIAR E M ARTE B
R AT, ST i Hoechest33342 54 (070 1% &
B CSCs, M ik I & B AN R I 3 2 i Gk bias
HE R = S B RCR . 3B I T R I, ESCC
4 2 H ) p7SNTR FH M2 A R B0 HH VT 22 2L CSCs
(ARFAE, 01 3R AT IR B 1Y, ARk,
RILT K B A] %) 6 B T CSCsH 7 T i &4,
AH5 p7SNTR(LFR CD271)1H40, CD44M7 % it S iy
(ALDH)™, % i 208 1 5000 8 5t AT(ALdh1A D)™,
CD90M1, 2 [A] 6 Bt 737 1(AICAM1)™L, - Cripto-1144,
SCARIE &4 (WASH)!"*Y, CD133/CXCR4!"F1 = fi
PR M 25 SOk 5 GRUR 2(ABCG2)' PR 1) =
KT T AR 0bn S 5 e R R A R B 47
POFRFE . IR IR FE Rk EL 4 e R 3 DA 56 151, AT
AT DAE R TR T ) B 4. R e A
Y B FAR OGN B Th e B AT T MR SR A
TBIT T IERAE DL AR o

H T, EACH CSCsHIRHIE A 173 B . BT
K, EACH ] CSCsAFKILESCC CSCsHIH WA
PR G US4, X 0T e 5 R A SR IR A R A 6. Bl
W9 K& L, Lgr5H1 Musashi- 141\ A& EAC CSCsH
EEAYIbRE ), A, EAC CSCsimRik 5%
[KF SOX9, F-HEBE YAP(E 5 )5 im0, X & i
YAPIRFN ) SOX9K LN T EACT MM 4ERE 4 5
TR T E L B KT YAP/SOX 9% K iA T EAC
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Primary tumor

Intristic factors of tumor

Gene mutation

(TP53, CDKN2A, PIK3CA, NOTCHI)
Epigenetic modifation (DNA methylation of
pl6, MGMT, SOX17, cMyc, Nanog... )
Post-translational modification

(ubiquitination, phosphorylation, acetylation...)

Colonization

PRF, GzmB...

Endothelial cells
VEGEFR activation

|
23

ol N{‘
IL-6, TL-8!
CCL3...
0

.

—
CCL2...
0
ﬁ
NS 7%
/L'L\
® =

. Tumor cells Macrophages ﬁ Extracellular matrix

iR e B 52 3 22 O THD A SR KR A, LG N AE DR AN RO SR E i o ORI A N FE DR 3R, AR DR AR L RO a4 2 XA DA B P J A M A A1
A5 96 20T 0 B4 B SR ) (R TR 18 0, R AEUR L vh T, K SR G0 FEL S R 40 7 A VEGE « MMIPAE 7300 1L stk B8 )
BEAMNL T VEGFRAR 5 sl e Mg U7 J R 5T, 48495 0 B RN OA ELAR ), AT 28 N/ 27 R LTS R 2R N E N e RS AT o, R P R — 2 AT
LR (Rt O PN N SL PSS R AU R L O QR EiR b | NS EE 2t TV E RER (VS I 429178 R S IR i | et =R 8 S 7 €2 - A il i
TR .

Tumor metastasis is regulated by multiple factors, including intrinsic factors and microenvironmental influences. The intrinsic factors of tumor cells,
such as genetic mutations, epigenetic modifications, and post-translational modifications, promote the acquisition of enhanced invasive and migratory
capacities. These alterations enable tumor cells to detach from the primary lesion and enter the perivascular space. Subsequently, tumor cells secrete
molecules such as VEGF and MMP, which activate VEGFR signaling in vascular or lymphatic endothelial cells or degrade the perivascular matrix,
thereby enhancing interactions with endothelial cells and facilitating intravasation/extravasation. Upon entering the metastatic microenvironment, tumor
cells can interact with various cells, including immune cells and neuronal cells, through ligand-receptor interactions or the secretion of cytokines and
chemokines. These interactions contribute to the formation of a microenvironment conducive to tumor cell colonization and growth, ultimately promot-
ing tumor metastasis.

E2 RERTLEBHS FHHIERE

Fig.2 Schematic diagram of the molecular mechanisms of distant metastasis in esophageal cancer

38T JE i JR i Wit T s AR 5T, b, S 4 B A5 WA TR
5.1.2 R BiRSWAREY BARTE R HARAE miRNA. LncRNAFcircRNA 2 A] £ A fifgg B 1 (1) bk

JEAE WS B R . 7R REAE I R S
2 B F o B T BOAE TS R AR A rhoA e s 2

MZRIEKF. EAFAREY W RUR CA199.,
R PR (squamous cell careinoma antigen, SCCA)
W B B 1 A e bR . Ak, B AN E i
oF (K 21 57 25 DNA(cell-free DNA, ¢fDNA). 4h43 i
FEIf . PR 41 Bl (circulating tumor cells, CTCs)%5
W ERE AR E R RERR R EE, 5

Y, HESHTAERA R 2. 2R AR
RNATE £ 598 £ 93 b v s 4 ELAS 2 A %),
CLPEA N BB VB TE ARSI 2E Mbs 6 (3R2).
Hil 2, BIRTE ESCCH EACH L # & Bl
T NYESO-1HI miR-3755 1% /KF 7t &, {H ESCCHI
EACHIAEMbr EVTIAEER KA (3R 3). i,
TE ESCC & # H Trp53+ Peroxiredoxin VA1 LncRNA
POU3F3RIE/K T, TEACH NEA ZI % . X
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Table 1 Advances in esophageal cancer biomarkers

bR Hori 75 v

Biomarkers Detection technologies

p75NTR (CD271) Immunohistochemistry, fluorescence-activated cell sorting, Quantitative real-time PCR, spheroid formation
assay, DDP sensitivity assay, tumorigenicity assay, flow cytometry analysis, cell cycle analysis, colony for-
mation, chemotherapy resistance assay, oncogenicity assay, immunology, cell sorting, immunocytochemis-
try, flow cytometer, colony formation

CD44 Tumorigenicity assay, flow cytometer, immunohistochemistry, fluorescence-activated cell sorting, differentiation
induction

ALDH Fluorescence-activated cell sorting, tumorigenicity assay

ALDHI1 Immunohistochemistry

CD90 RNA-Seq analysis, Quantitative real-time PCR, flow cytometer, fluorescence-activated cell sorting, sphere
formation, differentiation assay, chemoresistance assay, tumorigenicity and tumor metastasis assay

ICAM1 Quantitative real-time PCR, Western blot, sphere formation, drug resistance analysis, tumorigenicity analysis

Cripto-1 Quantitative real-time PCR, Western blot, fluorescence-activated cell sorting, colony formation

WASH Sphere formation analysis, Quantitative real-time PCR, immunohistochemistry

ALDHIA1 ALDHI1AL1 activity assay, fluorescence-activated cell sorting, sphere formation assay, microarray analysis,

CD133 and CXCR4

immunohistochemistry, ALDEFLUOR assay, flow cytometry

Immunohistochemistry, flow cytometry, fluorescence-activated cell sorting

ABCG2 Proliferation and migration assay

#E—PAUESCESCCHMEACHE IR T A R 40, A Bl
THE B — S S AL R R B R A
52 JRITFEMARHER
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M FEFB SR, LRy ik E 2l T3
DNA K il sl 40 i 7 24 F2 R A, IX SL 25443
= R I I FEVEARS S, AT AR 0] IR B A1 ik
AR E, SBU I MEITER . BEE > Tt
FEHIRN , S AR (R 5] Y6 97 R S 28 ¥R 97 SR IS
BN B BB REIRIT .

AR R)VR YT 24530 5 e S e b BEL T Jbb e A= A BT AR
SO FR) S B A5 - 30 % 17 11 1) e 4 ) BN A
HAT S A uE S M T E B B aTh R S
TER, & WA a5 1E T3 AR K R T 324K (epi-
dermal growth factor receptor, EGFR). VEGFR f]f%
AR AT 1] 75 B B v B BT AR . EGFRJZ — s i
i S PR VU 2 A4, OIS J5 2 fil kB4 22 3R 5 AL £
¥ (mitogen-activated protein kinase, MAPK){5 5
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Table 2 Biomarkers for ESCC diagnosis
bR ED R 7 i A
Biomarkers Detection technologies Sample types
Protein
L1-cell adhesion molecule ELISA assay Blood
p53, NY-ESO-1, MMP-7, Hsp70, PrxVI, Bmi-1 ELISA assay Blood
Stathmin-1 Competitive AlphaLISA, Western blot Blood
NY-ESO-1 autoantibody ELISA assay Blood
Angiopoietin-like protein 2 Quantitative real-time PCR, Blood
immunohistochemistry, ELISA assay
YKL-40, SCCA ELISA assay, Western blot, Quantitative real-time PCR, Blood
immunohistochemistry
Macrophage inhibitory factor 1 ELISA assay, Western blot, immunohistochemistry, Quantitative real-time Blood
PCR
Ghrelin Radioimmunoassay Blood
Hsp70, HMGBI1 MALDI-TOF MS, ELISA assay, immunohistochemistry Blood
Hsp70 autoantibody Two-dimensional polyacrylamide gel electrophoresis, Western blot, Blood
MALDI-TOF/TOF-MS, immunohistochemistry, ELISA assay
DKK1 Immunohistochemistry, ELISA assay Blood
Peroxiredoxin VI autoantibody Two-dimensional polyacrylamide gel electrophoresis, Western blot, Blood
MALDI-TOF/TOFMS, immunohistochemistry, Quantitative real-time PCR
Thomson-Friedenreich antigen Peanut agglutinin-enzyme-linked lectin assay, immunohistochemistry Blood
C-reactive protein immunohistochemistry Blood
p53 antibody ELISA assay, immunohistochemistry Blood
LncRNA
HOTAIR Quantitative real-time PCR Blood
Linc00152, CFLAR-AS1, POU3F3 LncRNA microarray, Quantitative real-time PCR Blood
POU3F3, SCCA Quantitative real-time PCR Blood
MicroRNA
MicroRNA-146a Quantitative real-time PCR Blood
MiR-25 Integration of two miRNA array methods, Quantitative real-time PCR Blood
MiR-25, miR-100, miR-193-3p, miR-194, miR- TagMan low-density array, Quantitative real-time PCR Blood
223, miR-337-5p, miR-483-5p
MiR-18a Quantitative real-time PCR Blood
MiR-1246 Quantitative real-time PCR Blood
MicroRNA-1322 Quantitative real-time PCR Blood
MiR-21, miR-375 Quantitative real-time PCR Blood
MiR-31 Quantitative real-time PCR Blood
MiR-10a, miR-22, miR-100, miR-148b, miR-223, Solexa deep sequencing Blood

miR-133a, miR-127-3p

YRR , B IR IT St TR R
WE A, B T A AR .

WAL, ok & R AT VA B B IR T
WG 7T REHE, Z200nKIAE CUESEHIT S %
N R R E X R P SR TS 324K -1 (programmed
cell death protein 1, PD-1) S H AL A FE J7 58 T /L
& -1(programmed death-ligand 1, PD-L1) 14 i &

£ TIbR EL 40 B AH O HT R -4(cytotoxic T-lymphocyte as-
sociated protein-4, CTLA-4) [ G2 G 7 SR i 1701710,
PD- 12 CD28H SR Il 0, & — P B i) 4] 52
R, EAETSACH T4HH . BAHMAT F SR 15 40 i 2
ik o EMIRE IR, bR 40 i 3E i %55 PD-L1
e G ARG AL . 2 PD-15 PD-L1&5 &0, €
BOE— R N0+, 5350 TH M OR300 6],
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Table 3 Biomarkers for EAC diognosis
AEWbREY) R 77 el
Biomarkers Detection technologies Sample types
Protein
Complement C9 Lectin magnetic bead array (LeMBA), multiple reaction Blood

monitoring (MRM) mass spectrometry

Amino acid L-proline, ketone body 3-hydroxybutyrate, carbohy-
drate D-mannose

Gas chromatography and liquid chromatography coupled to ~ Blood
mass spectrometry

Doublecortin-like kinase 1 Immunohistochemistry, Western blot, ELISA assay Blood

Biglycan, annexin-A6, myeloperoxidase, and protein S100-A9 Protein mass spectrometry analysis Blood

Mesothelin Immunohistochemistry Blood

FasL, NY-ESO-1 autoantibody Protein mass spectrometry analysis, cell correct microarray Blood
MicroRNA

MiR-25-3p, miR-151a-3p, miR-100-5p, miR-375 Solexa deep sequencing Blood

RNU6-1/miR-16-5p, miR-25-3p/miR-320a, let-7e-5p/miR-15b- miRNA RT-PCR Blood

5p, miR-30a-5p/miR-324-5p, miR-17-5p/miR-194-5p

TR 3RS RE R AR 7Y, O T o AR I o 4 28 16 i
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