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Abstract: Monoclonal antibody drugs that inhibit programmed death

1 (PD-1) or programmed death ligand 1 (PD-L1) have been widely used in esophageal cancer (EC) and
yielded significant therapeutic responses. However, only a few patients obtain lasting clinical benefits due
to primary or acquired drug resistance, and new treatment schemes are urgently needed. The tumor immune
microenvironment is the main factor that affects patients’ response to immunosuppressive agents. This article
will discuss the role of immunosuppressive cells and non-cellular components in the immune process to
provide ideas for the next research direction of EC.

Key words: Cancer immune evasion; Tumor immune microenvironment; Regulatory T cell; Cancer-
associated fibroblast; Cancer immunotherapy; Targeted therapy

Competing interests: The authors declare that they have no competing interests.

W OE. dpRARsRRT R (PD-1) SARFRATZAREAL (PD-L1) #9254 & AR E (EC)
PIEER, FEAT REFNETER. R, BT RAMIKMAMAE, RAEVREFRFTHA
09K G, WRBWE LG E IR R R A B A R R R R B e £ W&, A
SR S IR A an e — e Ak an B R A AR AR, AR R R T — e BT R AR
— B

KGRI R SR AR BRBE; AW TaM; B AR K R AT S R
TR IR IETT 5 FERE ST
FESZES: R735.1

FFH R (RE BR 55) #R 1R E5(OSID) :

- FREYRTR -

0 3|8
IgfE B E: 2023-07-20; {&EIHH: 2023-10-18 B9 (esophageal cancer, EC ) &5 FEE/S

VEZ AT, 450052 FpM, RN K% —WE E A EA

BIEEE: T (1975-) , B, ¥4, #ix, 2H£E
Wi, 2 BREM BN RS A AT T4E, E-mail: 1393824
4776@163.com, ORCID: 0000-0003-3335-5943

EE®B . MEix (2000-) , ¥, MEfiE, £
FBINERE I SR E AR X AR, ORCID: 0009-0000-
1255-6434; #H5% (1952-) , %, AH, #i%, £2MK
FRERE. BR. SAME. TR, BRIRES B A
%47, ORCID: 0000-0003-4994-2691 ( *. 33| % —4k% )

IEAE , e I P31 o o DL ) — T SRS 2
PD-1/PD-L Ul & —Fh s py L am il fp e itz , it
XEHUTANML LI BE | A0 T 20 6 Py 8 51 345 A58 )
AE D2 1T 240 3 3 AT S S50 ) B i e,
FHUARATPD- TR 72 M 2 F o K
FIENL. SR, RUE A PR 3 0GE, (AUE



AYBBRG 3832023 F 55504525128 Cancer Res Prev Treat,2023,Vol.50,No.12

* 1175 »

DERE MR AT REFUEE R
I7 (0 i J e 2 23 B3 0L . Dunn J Hi[R] $57E2002
AEPR T IRAE s AR O RE ST, TATREN T A A
AR P E AR Y RS b, R A i b
filpe s 2 A (APCs) , APCsifiad 441
FVEE AR (MHC) B bi i S 5 TAH L . >4
TZMIZ AR (TCR) HRAZHIMHCE 5, LICD8+
T2 R A B 04 G5 235 A5 240 AR 52 1 S I 240
AT T Ied A L A AT A S B S e A A A A
b B RE R AT 1A RAR 5 #0A 7] B T B inyT
TR 2450 o SRt B — I e d s 1 RS R A0 A ges
(esophageal squamous cell carcinoma, ESCC) H19
B, TE R W AN R S e T
KA TTYET (Treg) 4. ELEAAML (M2) Fliif
ZAER ARG (tDCs ), FEHAGe il 4 L ff e
R R R A LR B I AT e R B A
TE I B k30 AR i J . IR R BB Y < 2
RGN A Z AR 2 A EAE AT, XA
HAEFI s S R AR YT . AR SRR,
Xof B A AR AR A R S B KA ] BB B
Jed SRt ) B8 S NE o AN SORF TR0 K e Jea il e i
LN EERZR, Dy SR pr e i if
PR

1 MERIRERHNEERS
L1 g A DG 2T 4 240

98 56 I 114 2 B 2 o R A G B 2T 24 A g
( cancer-associated-fibroblasts, CAF ) , Z4-H1
F 5% 2 W C AFAE s i e N £% v A i 28 1 1
FIB, CAF LA ik BT 4 an i AL & 11 (FAP)
A& (a-SMA ) FRHE, HAGER
FoRgE . . A REE Y. LA CAFHE
WA R B A N AR T
(VEGF) . H4ifi/r& . MIgEHRSLHEF (TNF) |
ALK - BUMERE (IDO ) Fl—% 4k &
(NO ) SE4HHIbR ISR -, DI R AE 52
FE 7 R R S 0 CAFRYAR K — 38441 38
i A %E-6 (IL-6) SRSCH, IL-6/45 Rl fE
SR UG, ARG R A A A, ek
Fifrga I A A AR RE T AR SRR RS A R A
Rivh i SIL-60] IS HIALDHI (g 1240 b b
Y1) MITWIST (EMTiFSH] ) A", e
RS, ALDHI R #5220 -
Rl e A (EMT) Béa 47568, HAbpFostik
52, CAFAITARYIL-6 il T aE T4 e br i 3=

ik, M ESNUTERIL-6 AT LIRSS ESCCHY MLAE A= A%, 38
TR AR A FE T NKENIE R R AR S A,
XoF Jiees 2 By HAA AR SR AP E T . SR, BTN
et Z B TMERBHAS . MBLHI EE, TL-6F1IL-8
T BOE NK AU b I STAT3 (5 538 %, SEINKAH
it 2 T 5 A SZAANK P30FINK G2D R, IS NK A
A RE 1", Chen® "™t iE T ESCC IR H I
ARG RYIL-6/K T SMDSCs) i WAl ¢,
TL-638 14 A MDS Cs R OS kS S R B 7 A L e
p-STAT3 ) F5 ik KA HEMDSCH FZe kI thRE, IF
HESCCHREM ARG A . QuaE""%H, CAF
IR FIAESCCAN i PD-L1 19 #3565k B
g kit . KatoS5!' %t 149G ESCCHE 1R N
FUE R A A T e e A Uk 53 A, R IBLCAF 4y
H5 98 N L ZLCD8+ M 1= Ve Ik EL 4t i ( TILs ) Al
FoxP3+ TILs&: A HIEA G, CAF/MRATWNT2
3@ i A SR AN (DC ) A5 AE 5 iR
Yo E e okt Pt SC A T, BFSTAS R, CAF
AR WNT2id 23 _FJHDCHT{A Y SOCS3 il JAK2/
STAT3(is , FFifF— Lk hCD11c+ DCHI
CD103+ DCI 44k, M REAIS T s 7 Jim 42t 3 A
CD8+ TR RIS . HTWNT2IRYT AT £ = g Pt
Ji 555 AR SR 240 L 9 7K S I B I e e DR S
CD8&+ THNMI [ [ i o CAF [FIFE Rt 0] ok 55 i 3L
JEAAE R, BRI BRI, DTSSR T MR 25
B, B, RATHEFEIWNT2H CAF 5PD- 1471
TRGE G R MEAS AT LA BT s G gse vy, 3 il
DL SEPD- 1A bR iRt b iE g e
CAF3i 1 Z R 7E ESCCH g4 B TME R TR i h
RAEEEAE, b e il vh A% oA
1.2 P PETAR AR

PYET (Treg) i 2—FPLAIL-10FIFOXP3
VR 2R TR 25 0 1) v B S i () CDA+ T T
e, VY 2R R Y Treg 4N M i 4% Fh 2
IR R EL A0, fUFECD4A+ THIBI4IM (TH)
MCD8+4H I EEMETHREL 40l (CTL ) ", Tregs#
I # A CTLA-4=CD80/CD86 it IA,, HiEH
= TCD28, 1 FiEAPCs | #CD80/CD86L il /3
T, BIZFARIEAE S, AT APCs Y B
Treg 1Y & 46 55 g vh = i 829 CD8 T ( CD8-
C1-NKG7) 4ifi fINKG2A (KLRC1 ) 4l ffa ity 3%
hnie ARG SR, 4R EEMECDS T4 ( CDS-
C1-NKG7) FINK-C3-KLRCI1/Z MR {E 4 A #EK
WG T REAR 5 (AN MY, AT G 40 B R
OIRRAG, B A A bR A 8 P i f s R 13 A



* 1176 «

AYBBRG 381372023 F&5504555 1287 Cancer Res Prev Treat,2023,Vol.50,No.12

JOREAR Sz B BE B ED S A, Tregsts vl DL i
TGRS ANNY-ESO-1, i3 il i 4 S
BTN, CD39 ( BAh = B R IR T W R /K fit
fii-1) MICD73 ( fsh-5"-RAF iR ) #572 i Treg4l
JiZ S A PR, CD395E N T AR, A1k
Y AMZAT =B (ATP) AT —#R (ADP)
IK AR T R (AMP ) . CD737Kff AMPH:
B HEEAL A AMNIR T (ADO ) P10 A2AZ AR
BRAT I —Fh R SR F 32 1 ZER0 T, A2A
55 FEPKAIE WG, WG & 2 Z R HIE
L, BEME ZFMAPHRES ( ANERKIFIINK ) |
T A IEC Y TEYE . A S NF-xBRJIIE >,
Ak, TMEH S 7K PRI I8 23 R CD8+ T4 Jifs
{14035 AR Z00 P %) 40 3 00 o) 200 52 1 T A4 P 1
WEPE, TIRNKAE M 4R iRE 1. A2ARSEHT
FI S NKAH I 7 A AT (2 ENK A A 51
UM o™ Fea, BON AN AN T4
A2 ARSE S5 T ik S SH Al G 2 4G A s I 1)
FEIRHE, fuFEPD-1. CTLA-4FILAG-3", A Hj
T A e kbt . DRI, BELIBTA2 AR FEAE S e
BIT AL T — R AR R MR EECHR
G RATSERET, TGF-BI5 53l B A7 7 57 Lk,
TGF-BAY R KK HECHH TG 2 055,
ChenZ5 M5 T, SRR T CAFTGF-Br] i i i75
ST E AN Foxp3 B i e ik, MR HET A
434k R CDA+CD25+Tregdi 1™, 1Ak, A HRIEFK,
FEESCCHY, CAFT] LU FOXO1/TGF-pI5 S f%
P2y, XRYITGF-prIaES S T & B i Treg
4N CAF 2 [A] A EL A A
1.3 i AH G B w2 g

Mg A OC B WE 4 il ( tumor-associated
macrophages, TAM ) J2 I (A 85 rh 56022 240 L 11
A Y L AN ) 43 A A R S AR
T S P 358 S S8 ) AN [) IS BORT 43 Sy R o AS [i) S 78
25 WO R AR 7 A2 ML W 441 i 1 55 BRI0S 1 A2
FEAEM2EEAN S FERR R, TAMAE G4
fEMLERL, P E R M 7, fE
IL-12FITNF-o, EHHUREER o (RAE e it
AR, TAMZHiH AL, RS HmAEHE T (L
IL-4, IL-13H1L-10) IKshAIM2FEA M2-TAM
HESCCHE 4, WMul W AERKHET . ER4RE
FIE (MMPs ) FIHAb AR IR 40 i 57 . 9l TA
NKANAE, 80500 N85, -5 e i ik e A
BARMAAT A P — 3 5T g AH G B g4
FXT B R W S BN, M2 B A I IR T

BERR T B HRIR AN B TSR Yagi
SRR R, ECLHU P TAMSE & 138 fin 5 4
AEGE SRR AT ¢, TAMIR AT LA G i fis 92 2 Jifd b
PD-L1fy#ik, S H Aok, TAM{EIFESCC
PR B 55 — AL I M2 W4 it T LA 5 5 200 i
AR F-1 (MCP-1) 520 T 38 2 B T iR
LB (TP ) K5 T M A K+ (VEGF)

Tk, DA SR R ey i A A i, C-CHEFP
LR FRA2 (CCL2) /C-CHEfF ML T2 14k
2 (CCR2) F5 @M VZ N HAESFEETAM P &
EEBAER . iR EESCCH MR R, CCL2
M8 FIHSTAMBUEA &, HHENEHEAR
A AE R R TN R 11 CDA7 R E AR I Y
KHEY T, MCDATHL BTG, 3 B A 2
T () Z ARSI E Ha (SIRPa) 14356 106 15
S, IUE AN A A TS PEN P Weiskopf
FESCESCCHI CD47 1 435 K- 5 CD8+ T4 fifg
WA eAh, T — AR SE T Bt
CD47IRIFHESCCL 21 H CD8+ T4 il 12 i %
JEHE N, MDSCsH & A — 21 5 o1 M 1) R L2
HBEAIE, 5REBEZEMTUG ARG X,

TEMDSCAATERIEOL T, B W 4 i 9t 4% 1k M2
TR, )5 W A [FAE F BELTIL - 135K 2l (9 fo i
WS, BURM RS E IR 40 (MDSCs) B
BEUFSE R ZHECHH TS A RAHEH". &
it, ESCCHIMDSCH;IERENS 70 I TGF-B, X
AT LA iNPD- LR IiEd 1k JECD8+ T Y5R35,

FEHEER X PD-1/PD-LIBH W A HEHT J1 . BT TGE-p(=
S KA T MDSCHI I BT )R R CD8+ T4
Mg s KRR, CAF@EN ZF AT
fEE R AN (B R RTIA ) SRRk 8L
B AR BE ( M2BITAM ) P9 [R]Bf, MDSCs
BB W A TGF-B AL N F ] it EFCAF /Y
[Rale v o/ 1) RS ! el [T O R R (Y S RS K B
VEFHHE— 25 i) 1 I SRy i) G il R85

2 RRRGRENF EBARER

A MGG B LUG i T A7 3L
FENIA BOBE, AT —EEO FIF B ok
W, K REITT RERITON A A, e — R
W R B A A A ) 5 5 A B iR S AR A
L5f . mOTHIRIORAEALT . —Ledn T
JrERY), WEIRRRIEASE, AT LA S e SR A
BEAET H BB, ST 40 i X b8 e i
(TR, AR PR BT e 7T AR TG 2R 2 S Al



AYBBRG 3832023 F 55504525128 Cancer Res Prev Treat,2023,Vol.50,No.12

* 1177 »

iR RS I I A R T P T AR, A B 0 i
5 I 0 4 L DA M2 R S TR0 A A SR ML e R B
T i EH , KEYNOTE-590
(NCT03189719) , CheckMate649
(NCT02872116 ) “FHF5E IS 7KL, 1k
ST A PD-1/PD-L1AYT & O B 88 B 1Y 1k
Tr%E . SER A SR AR Tt Y R Y
f#5, CheckMate-648 ( NCT03143153) iz
A 1k f R I Bk AL A0 Y 22—, 4
SRR, A I RPURA FC R BHIRI T4
OSHIZ LI 7 B 8 A F Ay 7P, — 2Bl ik 16
(NCTO03416244 ., NCT03377400, NCT02658214
FINCT03212469 ) 1EFE#E— 5 [ CTLA-441 ] 5
FEESCCHIEIRIT h e e Fa s, R, 1F
ZLFAMRFEHE NN, REWNERIERITHE
AN RN I RERALTARTTY . iRy T s R M a
REANE M SN S E N RN B ME AL 3
B, B8R HDOGd m 188 3697 . 24
YWEA BN . FERIEE LA, TEMIRIG YT
B BERITR FIIAEE (apatinip ) &—Fil
1] VEGF i % R S8 1) /N o3 90 480 A= i 25 90
CAP 02 (NCT03736863 ) ikIGRi T = B |2k
Pt (camrelizumab ) BRABIIARR JRAE b & HBE
TERAPEIR YT AR . kI T AR 0 K LR iR
3T CheckMate 648 (47% ) FIKEYNOTE-590
(45% ) WIEREE AL, IR i A1) Bk S He ik & Ff
A8 R ZEESCCHI A R AFI7 3% 53 4h—Fh i
B W B ) (Anlotinib ) -t AT 34 55 4 i
A E . FERRIN S BRIk g R E T e R A
i FR N AL BT B L B R RS T 54
BRI RIS PRI A IR T AR
BRI TP R R . M CD39/
CD73/A2 ARIEAE /N3~ $ il 350 LB v B e Ak
BB & TR AE IR 7. — S th B S L
AFELAG-3. TIM-3FITIGIT, 1F7F &4 PifT
I R %, SKYSCRAPER-07 (NCT04543617)
FISKYSCRAPER-08 ( NCT04540211 ) S7E#RT
BLTIGITHIFPD-1/PD-L1E 4 1AIFESCCHRH 1Y
SRR 4 PE . NCT04140500FHINCT047858204
5B IERVTPILAG-3 FIHTPD- LA IR TT A7 3R
4k, NCT03708328 FINCT047858204F5% 5
TEFR VL TIM-3 FMHLPD- 1A VA7 ESCC B 1
JERUR L e, SR Re N m, Hp
SKYSCRAPER-07#F 57 A LA AT U [k 1% Jm i 3 2
EREE, SRR REA . MR X IR =

ANBAF AU A 928 2H £ 45 PD-L 14 i) 350 o 25 1) 1 24
HLRITIGITHI ) Tiragolumab . 7Ei% 1 bl B 5%
Hi, TiragolumabBk BT ) £k SHT 76 i 30 24 98
WG 2R3 97 R & M ff % (ORR ) ik#28%, i
2RI R S P 2 — 4Ry IS HhORRYY
F20% AT, JE ek DL R =AM T IEAE VRS T, WIFE
WM A . BT XS 2 Ah, 7R M
E A 5T AT A D BCR [R I, ESO142 —Fhit
CD39/TGF-BAURE St PediiE, & vl LAIRET
PIHICD39 1 il 16 PE AP AN TGF-BAY 40, E T 41D
il TME PN 4 28 300 ] R A TG F-B Y AR Wk & 4t
Jigd He e B BEEEPENOXHHIF ( GKT13783)
A DL o #8 m FAKR 850G 55 R INCAF I 04k, 9F
B SRINF-yFITNF-affy 215, AMD3100/2CXCR4
/NG F A ), A g TR B SR AR, B
S8 TR Gy 111 BLIL-6HT AR disiltuximab |
tocilizumab | sarilumabZth £ 9% 35 B & 5 25 Y4
PRJR (FDA ) $tifEH Fia )7 HoAh JLFp WA b
{FL 9 2 TR I AR 5 RSP 7 1 e v L 1) TL-6 71
fEJ1. BTHAIAIT C AU TR, R R
(/NI AR B RN LA R 3 T7 R0 T el g, A
EYT AT RE SR AR R I R 1 2 )

3 R

AR SCT IS T — S oo TP 358 150 A o 97 e 7z
i 25 e BOVE T, DL BB T S e i A7 IR R
i8S 2 S PR BV Ay R Je 3 S 2 v 1) E B
a3, XM IRTTRCR A B AR . A AH G
BCETAEANAL . JETTPETANA . FrivRd A S G 20 A s
HAppR B2 —s, —HEAYC&TT
JETIGIRIRER . SR, AR 2238 i AL A6 2 88
VR MR SE A B, AR TR YT AR O
ST VF 258 1 N 28 Rk R 2s 1R) i 4T A
E— 5 A M EESCC R A il .

PP RER:

J Ve 875 AR 25 0o

Sk -

[1] Dunn GP, Bruce AT, Ikeda H, et al. Cancer immunoediting: from
immunosurveillance to tumor escape[J]. Nat Immunol, 2002,
3(11): 991-998.

[2] Zheng Y, Chen Z, Han Y, et al. Immune suppressive landscape in the
human esophageal squamous cell carcinoma microenvironment[J].
Nat Commun, 2020, 11(1): 6268.

[3] Ohlund D, Elyada E, Tuveson D. Fibroblast heterogeneity in the
cancer wound[J]. J Exp Med, 2014, 211(8): 1503-1523.



* 1178

AYBBRG 381372023 F 55045551287 Cancer Res Prev Treat,2023,Vol.50,No.12

[4] Kalluri R. The biology and function of fibroblasts in cancer[J]. Nat
Rev Cancer, 2016, 16(9): 582-598.

[5] Patel R, Filer A, Barone F, et al. Stroma: fertile soil for
inflammation[J]. Best Pract Res Clin Rheumatol, 2014, 28(4):
565-576.

[6] Poggi A, Musso A, Dapino I, et al. Mechanisms of tumor escape
from immune system: role of mesenchymal stromal cells[J].
Immunol Lett, 2014, 159(1-2): 55-72.

[7]1 Fisher DT, Appenheimer MM, Evans SS. The two faces of IL-6
in the tumor microenvironment[J]. Semin Immunol, 2014, 26(1):
38-47.

[8] Khan MA, Chen HC, Zhang D, et al. Twist: a molecular target in
cancer therapeutics[J]. Tumour Biol, 2013, 34(5): 2497-2506.

[9] Chen MF, Chen PT, Lu MS, et al. Role of ALDHI in the
prognosis of esophageal cancer and its relationship with tumor
microenvironment[J]. Mol Carcinog, 2018, 57(1): 78-88.

[10] Ebbing EA, van der Zalm AP, Steins A, et al. Stromal-derived
interleukin 6 drives epithelial-to-mesenchymal transition and
therapy resistance in esophageal adenocarcinomal[J]. Proc Natl
Acad Sci U S A, 2019, 116(6): 2237-2242.

[11] Karakasheva TA, Lin EW, 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.

[12] Paul S, Lal G. The Molecular Mechanism of Natural Killer Cells
Function and Its Importance in Cancer Immunotherapy[J]. Front
Immunol, 2017, 8: 1124.

[13] Wu J, Gao FX, Wang C, et al. IL-6 and IL-8 secreted by tumour
cells impair the function of NK cells via the STAT3 pathway in
oesophageal squamous cell carcinomal[J]. J Exp Clin Cancer Res,
2019, 38(1): 321.

[14] Chen MF, Kuan FC, Yen TC, ef al. IL-6-stimulated CD11b+
CD14+ HLA-DR- myeloid-derived suppressor cells, are
associated with progression and poor prognosis in squamous
cell carcinoma of the esophagus[J]. Oncotarget, 2014, 5(18):
8716-8728.

[15] Qiu L, Yue J, Ding L, et al. Cancer-associated fibroblasts: An
emerging target against esophageal squamous cell carcinoma[J].
Cancer Lett, 2022, 546: 215860.

[16] Kato T, Noma K, Ohara T, ef al. Cancer-Associated Fibroblasts
Affect Intratumoral CD8+ and FoxP3+ T Cells Via IL6 in the
Tumor Microenvironment[J]. Clin Cancer Res, 2018, 24(19):
4820-4833.

[17] Huang TX, Tan XY, Huang HS, et al. Targeting cancer-associated
fibroblast-secreted WNT2 restores dendritic cell-mediated
antitumour immunity[J]. Gut, 2022, 71(2): 333-344.

[18] Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the
development and function of CD4+CD25+ regulatory T cells[J].
Nat Immunol, 2003, 4(4): 330-336.

[19] Linterman MA, Pierson W, Lee SK, et al. Foxp3+ follicular
regulatory T cells control the germinal center response[J]. Nat
Med, 2011, 17(8): 975-982.

[20] Tekgue M, Wing JB, Osaki M, et al. Treg-expressed CTLA-4

depletes CD80/CD86 by trogocytosis, releasing free PD-L1 on
antigen-presenting cells[J]. Proc Natl Acad Sci U S A, 2021,
118(30): €2023739118.

[21] Fourcade J, Sun Z, Kudela P, et al. Human tumor antigen-specific
helper and regulatory T cells share common epitope specificity
but exhibit distinct T cell repertoire[J]. J Immunol, 2010, 184(12):
6709-6718.

[22] Xia C, Yin S, To KKW, et al. CD39/CD73/A2AR pathway and
cancer immunotherapy[J]. Mol Cancer, 2023, 22(1): 44.

[23] Schneider E, Rissiek A, Winzer R, et al. Generation and Function
of Non-cell-bound CD73 in Inflammation[J]. Front Immunol,
2019, 10: 1729.

[24] Guo S, Han F, Zhu W. CD39 - A bright target for cancer
immunotherapy[J]. Biomed Pharmacother, 2022, 151: 113066.

[25] Faas MM, Séez T, de Vos P. Extracellular ATP and adenosine: The
Yin and Yang in immune responses?[J]. Mol Aspects Med, 2017,
55:9-19.

[26] Marin-Acevedo JA, Kimbrough EO, Lou Y. Next generation of
immune checkpoint inhibitors and beyond[J]. J Hematol Oncol,
2021, 14(1): 45.

[27] Canale FP, Ramello MC, Nufiez N, et al. CD39 Expression
Defines Cell Exhaustion in Tumor-Infiltrating CD8+ T Cells[J].
Cancer Res, 2018, 78(1): 115-128.

[28] Brauneck F, Seubert E, Wellbrock J, et a/. Combined Blockade
of TIGIT and CD39 or A2AR Enhances NK-92 Cell-Mediated
Cytotoxicity in AML[J]. Int J Mol Sci, 2021, 22(23): 12919.

[29] Kamai T, Kijima T, Tsuzuki T, et al. Increased expression of
adenosine 2A receptors in metastatic renal cell carcinoma is
associated with poorer response to anti-vascular endothelial
growth factor agents and anti-PD-1/Anti-CTLA4 antibodies and
shorter survival[J]. Cancer Immunol Immunother, 2021, 70(7):
2009-2021.

[30] Willingham SB, Hotson AN, Miller RA. Targeting the A2AR in
cancer; early lessons from the clinic[J]. Curr Opin Pharmacol,
2020, 53: 126-133.

[31] Sawant DV, Yano H, Chikina M, et al. Adaptive plasticity of
il-10(+) and il-35(+) T(Reg) cells cooperatively promotes tumor T
cell exhaustion[J]. Nat Immunol, 2019, 20(6): 724-735.

[32] Chen W, Jin W, Hardegen N, et al. Conversion of peripheral
CD4+CD25- naive T cells to CD4+CD25+ regulatory T cells by
TGF-beta induction of transcription factor Foxp3[J]. J Exp Med,
2003, 198(12): 1875-1886.

[33] Zhang H, Xie C, Yue J, ef al. Cancer-associated fibroblasts
mediated chemoresistance by a FOXO1/TGFp1 signaling loop
in esophageal squamous cell carcinoma[J]. Mol Carcinog, 2017,
56(3): 1150-1163.

[34] Hatogai K, Kitano S, Fujii S, et al. Comprehensive
immunohistochemical analysis of tumor microenvironment
immune status in esophageal squamous cell carcinomalJ].
Oncotarget, 2016, 7(30): 47252-47264.

[35] Ostuni R, Kratochvill F, Murray PJ, et al. Macrophages and

cancer: from mechanisms to therapeutic implications[J]. Trends



AYRBRH 3832023 F 55504525128 Cancer Res Prev Treat,2023,Vol.50,No.12

* 1179 »

Immunol, 2015, 36(4): 229-239.

[36] Mantovani A, Sozzani S, Locati M, et al. Macrophage polarization:
tumor-associated macrophages as a paradigm for polarized M2
mononuclear phagocytes[J]. Trends Immunol, 2002, 23(11):
549-555.

[37] Lu'Y, Guo L, Ding G. PD1+ tumor associated macrophages predict
poor prognosis of locally advanced esophageal squamous cell
carcinoma[J]. Future Oncol, 2019, 15(35): 4019-4030.

[38] Gao J, Liang Y, Wang L. Shaping Polarization of Tumor-
Associated Macrophages in Cancer Immunotherapy[J]. Front
Immunol, 2022, 13: 888713.

[39] Li J, Xie Y, Wang X, et al. Prognostic impact of tumor-associated
macrophage infiltration in esophageal cancer: a meta-analysis[J].
Future Oncol, 2019, 15(19): 2303-2317.

[40] Yagi T, Baba Y, Okadome K, ef a/. Tumour-associated
macrophages are associated with poor prognosis and programmed
death ligand 1 expression in oesophageal cancer[J]. Eur J Cancer,
2019, 111: 38-49.

[41] Ohta M, Kitadai Y, Tanaka S, et al. Monocyte chemoattractant
protein-1 expression correlates with macrophage infiltration
and tumor vascularity in human esophageal squamous cell
carcinomas[J]. Int J Cancer, 2002, 102(3): 220-224.

[42] Hu JM, Liu K, Liu JH, et al. The increased number of tumor-
associated macrophage is associated with overexpression of
VEGF-C, plays an important role in Kazakh ESCC invasion and
metastasis[J]. Exp Mol Pathol, 2017, 102(1): 15-21.

[43] Yang H, Zhang Q, Xu M, et al. CCL2-CCR2 axis recruits tumor
associated macrophages to induce immune evasion through PD-1
signaling in esophageal carcinogenesis[J]. Mol Cancer, 2020,
19(1): 41.

[44] Willingham SB, Volkmer JP, Gentles AJ, et al. The CD47-signal
regulatory protein alpha (SIRPa) interaction is a therapeutic target
for human solid tumors[J]. Proc Natl Acad Sci U S A, 2012,
109(17): 6662-6667.

[45] Jaiswal S, Jamieson CH, Pang WW, et al. CD47 is upregulated on
circulating hematopoietic stem cells and leukemia cells to avoid
phagocytosis[J]. Cell, 2009, 138(2): 271-285.

[46] Weiskopf K, Jahchan NS, Schnorr PJ, et al. CD47-blocking
immunotherapies stimulate macrophage-mediated destruction of
small-cell lung cancer[J]. J Clin Invest, 2016, 126(7): 2610-2620.

[47] Sinha P, Clements VK, Ostrand-Rosenberg S. Interleukin-13-
Regulated M2 macrophages in combination with myeloid
suppressor cells block immune surveillance against metastasis[J].
Cancer Res, 2005, 65(24): 11743-11751.

[48] Huang H, Zhang G, Li G, et al. Circulating Cd14(+)Hla-Dr(-/Low)
myeloid-derived suppressor cell is an indicator of poor prognosis
in patients with escc[J]. Tumour Biol, 2015, 36(10): 7987-7996.

[49] Chen X, Wang L, Li P, ef al. Dual TGF-p and PD-1 blockade
synergistically enhances MAGE-A3-specific CD8+ T cell
response in esophageal squamous cell carcinomal[J]. Int J Cancer,

2018, 143(10): 2561-2574.

[50] Tan B, Shi X, Zhang J, et al. Inhibition of Rspo-Lgr4 Facilitates
Checkpoint Blockade Therapy by Switching Macrophage
Polarization[J]. Cancer Res, 2018, 78(17): 4929-4942.

[51] Barcellos-de-Souza P, Comito G, Pons-Segura C, et al.
Mesenchymal Stem Cells are Recruited and Activated into
Carcinoma-Associated Fibroblasts by Prostate Cancer
Microenvironment-Derived TGF-B1[J]. Stem Cells, 2016, 34(10):
2536-2547.

[52] Zhu H, Shan Y, Ge K, ef al. Oxaliplatin induces immunogenic
cell death in hepatocellular carcinoma cells and synergizes with
immune checkpoint blockade therapy[J]. Cell Oncol (Dordr),
2020, 43(6): 1203-1214.

[53] Noordam L, Kaijen MEH, Bezemer K, et al. Low-dose
cyclophosphamide depletes circulating naive and activated
regulatory T cells in malignant pleural mesothelioma patients
synergistically treated with dendritic cell-based immunotherapy[J].
Oncoimmunology, 2018, 7(12): e1474318.

[54] Wanderley CW, Colon DF, Luiz JPM, et al. Paclitaxel Reduces
Tumor Growth by Reprogramming Tumor-Associated
Macrophages to an M1 Profile in a TLR4-Dependent Manner[J].
Cancer Res, 2018, 78(20): 5891-5900.

[55] Doki Y, Ajani JA, Kato K, et al. Nivolumab Combination Therapy
in Advanced Esophageal Squamous-Cell Carcinoma[J]. N Engl J
Med, 2022, 386(5): 449-462.

[56] Meng X, Wu T, Hong Y, et al. Camrelizumab plus apatinib as
second-line treatment for advanced oesophageal squamous cell
carcinoma (CAP 02): a single-arm, open-label, phase 2 trial[J].
Lancet Gastroenterol Hepatol, 2022, 7(3): 245-253.

[57] Tang Y, Ou Z, Yao Z, et al. A case report of immune checkpoint
inhibitor nivolumab combined with anti-angiogenesis agent
anlotinib for advanced esophageal squamous cell carcinoma[J].
Medicine (Baltimore), 2019, 98(40): e17164.

[58] Nocentini A, Capasso C, Supuran CT. Small-molecule CD73
inhibitors for the immunotherapy of cancer: a patent and literature
review (2017-present)[J]. Expert Opin Ther Pat, 2021, 31(10): 867-876.

[59] Héusler SF, Del Barrio IM, Diessner J, et al. Anti-CD39 and anti-
CD73 antibodies Al and 7G2 improve targeted therapy in ovarian
cancer by blocking adenosine-dependent immune evasion[J]. Am
J Transl Res, 2014, 6(2): 129-139.

[60] Jiang H, Hegde S, Knolhoff BL, et al. Targeting focal adhesion
kinase renders pancreatic cancers responsive to checkpoint
immunotherapy[J]. Nat Med, 2016, 22(8): 851-860.

[61] Chen IX, Chauhan VP, Posada J, ef al. Blocking CXCR4 alleviates
desmoplasia, increases T-lymphocyte infiltration, and improves
immunotherapy in metastatic breast cancer[J]. Proc Natl Acad Sci
USA, 2019, 116(10): 4558-4566.

(SRR % E 4]
fEE TR :

MRIZ, BEE: B LBKRITRES

BEHE HfE: BXUASAL

T O ISR



