31 % 55 hEERIMIRE Vol.31 No.5
202245 H Chinese Journal of General Surgery May 2022

doi:10.7659/j.issn.1005-6947.2022.05.013
:- oi /j.issn . SCHK 5%;5 .
¢ http://dx.doi.org10.7659/].issn.1005-6947.2022.05.013
g Chinese Journal of General Surgery, 2022, 31(5):675-687.

ﬂ*ﬁ?i'lﬁ?fﬂﬂiﬂ@?‘ MPIE R REAME R ER AR TR

EER, I’

(1P RFHRIEEFR, #d KV 410013; 2. PHRXKFEREFR BEFLZ, #Hd K 410008)

= VEAESR, X I K AR R B BB YT SR WS S B g 2 4L R S S O BE (TIME) Y BE
GAERT, TIME H b33 40 0 b3 AH OC 2T 2 4 M e L A0 i i e AR 1 L IR P R R . e, DA
F—Z 5NN F . BT 4NN TR A A . TIME A4 2H A Fe ¢ 10 25 5w Jif g 160 % Je By sk, et
TIME £ 4140 9 7843 T fift A B 3697 05 ZE R0 il A BUS A B . vg R tEkidi e (E0S) J& TIME /) i 241
gy, HEBETT I Z R TR, RGBS BN, B SR BN LU, 2 B A7 2 R A i
¥ BT B TR, EOS A B RE AN . LA A AN A5 A 53 43— R A TR AR
B EOS W) R AR SR UKL, A — RGN AN I R PE B ME 1, A R (MBP) | PERRPERL
M IR Z R (EDN) . RYERAN MR & (ECP) FIvE IR MR 40 M Sk W (EPX) 5%,
JERI e B IR T L AR A SO TSR U . B RTER XS EOS IS 2 4 h F EOS K-
X 1 B9S2 20 . EOS 5 TIME Hofth 28 23 19 A0 5 AR ﬁmsﬁ%ﬁﬁh%@%mfﬁvL%ﬁ%w
B A B, A SC 41212 S50 ANl IR IR g6 48, A Fr ik — 25 0 58 R 5

K§E A WETRANML; MR OAEE; RERS; Gk
FE S %S R730.2

Research progress in the role of eosinophils in tumor immune
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Abstract In recent years, the research on the occurrence and development process of malignant tumors and their
treatment strategies has expanded to the integrated consideration of tumor tissue and tumor immune
microenvironment (TIME). The TIME is composed of tumor cells, fibroblasts with their related matrix
proteins, vascular endothelial cells, and immune cells, as well as a series of cytokines and chemokines,
and extracellular matrix. The composition and phenotype of the TIME can affect tumor progression and
response to treatment. A full understanding of each component of the TIME is helpful for the treatment

decision-making and prognosis prediction. Eosinophils (EOS) are important components of TIME. They
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are produced from pluripotent stem cells in the bone marrow, and released into the blood as mature cells,
and then migrate to tissues. This process is affected by the regulation of a variety of cytokines,
chemokines and adhesion molecules, as well as by chemotaxis of a range of mediators secreted by EOS
themselves, mast cells, fibroblasts and other components. Mature EOS possess primary and secondary
granules that contain a range of cytotoxic basic proteins such as major basic protein (MBP), eosinophilic
neurotoxin (EDN), eosinophilic cationic protein (ECP), and eosinophilic peroxidase (EPX), and can also
secrete neurotrophic factors, interleukin, chemokines and other soluble components. At present, most
studies on EOS focus on the analysis of the impact of EOS level on prognosis and the interaction
between EOS and other components of the TIME. However, the signaling pathways and exact
mechanisms associated with the pro-tumor or anti-tumor role of EOS are still unclear, and the relevant

histological studies and clinical trials are also limited. So, this aspect needs to be investigated and
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Ji& 3 Jib 96 28 200 b 9 A 9% R 4 (tumor immune
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ECP & n] 75 5 /N i J0kE 28 At A B JE B 5T 4 Jd o
U EPX e gE i S ALY 7 A, A S A i R
fiff o 33k 46 20 i B M AR A TR S B TR T R
K IR, e EHA B, HAEABEND
FAEM . EOS FIREUA, SR . A =M. §l
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016 x 10°/L A S0, M EOS 151 1) 19 5t e 25
Y5 T v 00 1 M ZR G0 0 vk bR E R AR O, HAK
BN EOS>0.16 x 10°/1 Bk 5 -5 i 18 5 A o A4 ¢

#1 EOSHEI XM\ L/ TMABRETE.
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Il R AN 1E

Table 1 Upregulation/downregulation, and prognostic and clinical value of EOS in non-solid tumors

S EOS |/ F EOS {7 Ui B AN (L EIWIRES iz
P R 20 6L 1 IS A SR, FEAIK EOS A TT4L i RIS [29]
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LVPERE R I i RER AR LR GAE T IE, E0S<0.16X10°/L S i FOSTET A EIEs L FIRT [31]
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HD R SN R EOSHR R Einy T E R T RAE A RIS [38]
AR AT Ak R T SMEIM Rk EOS R R IA T A TR RIS [39]
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# o 2009 4F Oliveira Z5¥ 78 X} 43 4] OSCC # & W 5%
SERT TR R B, A TR R B TATE KF

http://www.zpwz.net



%5

TR, % BB A BB S R ORI P AR R R R R 679

M ) i 35 TATE W1 W, H 45 R B8 TATE 5
OSCC f8 3 54 B 10 47 AE fE R TO W] i G . 2012 4F
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W EIECH AR . AR HPV R DL K gy TR
BT B X, EOS XF OSCC By i Y1 5 1 i A #7 K
BEA . ZAr )RRk — RS, Lagisetty 550
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RELIAT TL-5 52 14 J5 3R 1, ik B 388 v 5 706 28 EOS 7K1
I 5 B4 TS A OCT, {H& TATE BR T 1458 B 41 il
Waesh, AR AL F R MARNER, NS
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protein 4, CTLA4) BH W i3 b 988 7E HL X A
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(1 £F 2 AR 1) e A R, e IR AR X B R A
L R i
GBM) 1 e 82 105 4 i 988 11 B 22 175 1P e 98 3= 22 X )
TE T )5 & BABAREOS =i, 2 3 A 52 10 ] B ER

(glioblastoma multiforme ,

5, N EOS £ GBM 1) Ji 98 4 35 v e B AR
5 W5 s A e A B OIROIR 3L Sk R R P R
RPUEAE T (2),

&2 EOSEXMEP L/ TRABARBE. WKNME

Table 2 Upregulation/downregulation, and prognostic and clinical value of EOS in solid tumors

e EOS [/ F i EOS & fi i B G R E T ‘iz
0SCC R iRk At TATE ¥4 2 R T )4k 57 A5 Il H 36 Il 85534 [41]
0SCC e e AR i 5 54RO AEAAF A TC ] i OCH)k [ B3t 43 A [42]
0SCC IR JHE A 4 2 HUH IR L 45 B R AiE JBEEIAS [43]
0SCC R JiEE AH S 2 4 JartR A R T FE AR BT [44]
0SCC B R iR ke A 8T 1o EOSJE LI 1 K IR AR R PR bR Ial o5 534 [45]
0SCC R JimEE AH 4 4 EOS B4R 11 R Shbk 40 A i B2 4 0 BB [46]
DS 1Yo S O 1 N fifygi b G2 4 1 EOS A e SR AEAA A 06 Ial Ji5i 534 [51]
BE R ! SN i EOS E AL #E R AR it e (LANUE =2 [53]
= 1A JiEE A 2 4 PRI AR S [54]
= = iR AE G2 4 AR g 24 . 1 (LA UE=S [55]
] e 1A iy JE 120 40 i g i A L B AR mizein [59]
4 S| JifrRE AH S 2H 4 X e 200 L A 4 e 2 EILBR s [60]
e ] 1R AR I 1ML EOS 14 i v A RS b i [ml s 43 B [61]
JiFsE AR HhE i 1o EOS 7K AR /R 8 F = A B3 4347 [64]
[ sEE IR SN i 121 EOS /K TR /R B0 Fi i B [65]
it IR ShJE il 151 EOS 7K F-J2: COPD & il (4 £ 6 [X 22 A1 B3 5347 [68]
ST hﬂjﬁ ﬂ SMHE Il gﬁiﬁ,ﬂ;ﬁ ‘ ) {ﬁllﬁiﬁf}ﬁﬁ [66]

(SR SN I SR G AT I AY T AL BRI [67]
FLIRIE ST IR JifrE AR S WS TOIR A A B [70]
TN S JHRE AR S 2 PRE 55 E B A SR EILY e [71]
FLIRE R SN . FEIRE K% B EETAR [72]
FLIRE T ShJH i EOS-IkEL M % 5 U5 2 A SE S = JBEEITAS [73]
e S JiEE AF S 2 fEIERARE Tk RIS [25]
A F — JHE AF 4 2 3t e 2 R R B YL [74]
RO S JiEE AF S 2 B G R A AT AL kYR [75]
RO i JiEE AH DG 2 1L33/ILC2/EOS 4l il ihyeg A B [76]
YRR S SR EEARDGLHER AN BRI IRE A R AR AR I WAL Fi s [77]
52 5 B 41 bR IR RN JiEE AF 4 YR AR GO TRV s [78]
FARARZL S o R JifrEE AH S 4 4 Y AR R , e R 1 [ Bt 43 A [79]

2.2 EOS34TIME By%Mm

TIME H1 () EOS B 280, & 2 A 46 4H B o
R YIRe, PR S M AN A TIME ge g, ik
EOS N 7E 2% S e @™, EOS 76 TIME 38 # B 4 58
) #2217 A TR 4 2

EOS B 55 JUkz 9 5 FN RT3 v o B 3 T ik
T AN, S A0 B A LS R RN A O T
EOS .2 5 ADCCAE T, I 2 A7 12 fl 4 861 4 240 i 75
PE . EOS 45 ER HL G an &b i i 4336 . LA B B ik
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WEA —@EEH . ARH S5 UE B EOS Xt i J6 41 il
R E AT AR . EOS XF B itk B 4 g oA B 36
AW ME, CD2 W K R A2 K 2B4 TS K S,
EPX . IFN-wy . [IL-4 Bl 452 45 R fif i g 20 Jf
NSME I EOS 55 45 B e 40 i 2 3L 15 5%, EOS B ik
() ECP . EDN % U 1) 57 9 45 15 96 40 M e 4k
T R T B i X022 5 TN 2 390 591 44 o 1 2 A
WKL EF A (granzyme A, GmzA) A& 3 b8 40 it 1=
FIIRFE , JEHE 5 ECP /Y 40 i 85 1, HL 289806 M LA
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Jed 4 LR EOS 19 25 B A 16 B Ak 1, G R CDLa/
CD18 2 5 Zh [ ik 2. ICAMI/LFA1L 1 J& EOS 5 45
L 9 0 6L 786 B R A A O O R T A B 4 T
IL-18 7] | J H 3R EOS (1) 24 ff 40 i /E B A
mERE S, LR, ORIE T MR T 40 M
(human embryonic stem cell, hESC) . ANBEFRLHET
A0 HE  (human induced pluripotent stem cells, iPSC) ¥
EOS FEAR SN 25 B s . 9 . 3L AR i 40 i (AR B %
2R L & SO o 1511 e 11 9 =0 o4 21 A
AL N PN R 40 T O A B, X R R S
) 20 i 75 75 F AT B8 J2 T EOS B 40 i 6 B s ok
IV i) B R, BDAE 1L-33 /v S ECP. EPX. i
WL B AF A Ak 2 e % 2 fi I el BRI, AT £ 40
JL s i A LA R S S BR BB R AE FH A,
g iR M b7 41 i % 8% T CSF 5% GM-CSF 1 38015 &1 %) g
U928 240 L L K S K 44 e 93 4 JE 1) ADCC A ™,

EOS 2 & 2% i A0 B AE H M 28 (9 — 38 4, %
2V K K e ELA S 8 I P N AR G g 16 P G 40 i Fn
eI N SV il N N 1| B N I N = o )
(innate lymphoid cell-2, ILC-2) . Th2 ZH ffl . 3% 40 g
DL K ANEEE , EOS 5 2 Fh e 2 20 i A7 78 BLIm) 20
JL R 45 5 B A BSOS S 45 . ILC-2 J2 EOS IL-5
() B ZER R, i EOS ST L3 o B 14 0k 4k £
ILC-2 (1 1% F6*1 . TLC-2 — J5 1 7= 4= GM-CSF, K 3
EOS 78 I L 24U S AL FKE , 59 — 5 T R 1 R A
PD-1, J& & 40 il 1LC-2 (% 4T I 988 s 102, PRI okt L 1
PD-1 38 i /2 fd ILC-2 1 EOS B3R 1, & 24 300 bt
Jibggg VB U, B e ZR AR TR ) TL-33/ILC2/EOS il
0] e A=A, T R R TR Y 3L R B IS ILC2 A9 2D
fig, MM AR EOS /K AR A A A7 00

TIME H 9 T 48 Ji 1% {6 75 % EOS,  Arnold 51 &
B, EOS Bl Bf /N U T 4R 4 H A 40 i, TATE
K5 e A K R R b, ELRXCRRFE R
CD4*/CDS'T 41 i £+ F . GM-CSF J+ 7 EOS By Tt &
WA EF (interferon regulator, IFR) -5 ik /K,
S TR i e E R Rl N B DU 5 S o L V4
IL-10 fiF 4590, X 78 GM-CSF 1 IL-10 A 45 F
EOS &2 3% sl il T 20 M AR, I Y A T A
3 2 SR 0 R S B IL-5 3 G 4 i b R 2 4L EOS 121
A LA CD8'T 4 it 1 55 48 Il 40 8 36 97 I 97 37
B4 CD4*/CDS'T 4 it b, EOS K& 3 1) 55 T % Bh 40 iy
1% (T helper type 1, Thl) Jz i I 34 58 fil 8
fa*l . EOS A A% Th1 AY 40 Hd K 7 TFN-y . Th2 % 2 fifd
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B F 1-4 . 1L-5, IL-10, 35 Thi % F0 Th2 A 6 5%
R, EOS 2 5 CAR-T BEIRTT, Jia ZHE /N
BRI PRSI, it A CAR-T %87 0 B RAEE AT 4
W LR R, R Y 2R EOS T O I AT
(97 3%, 278 EOS 42 % CAR-T Bt b 9 J7 %%, Lai
SOV 3 # /N BB AR IE BH T 7R SRR 1Y e % YR
Jr . EOS 5 CAR-T By U [l 1E

EOS 4 3 T4k 7% 5 09 1 B 40 g 4 199 36 1k
MHC 11 32 Bk 5| B () 45 3l 53 5 AT e o 55 5 1M ™
A X IEW BANML, EOS AT HAFIG . S5 0
Ig 43, H A& I EOS 7K -5 B 41 i 50 & B #5 AH
FPU o Z R rEE REE ( multiple myeloma, MM ) r
MR A M AR ) 2 AT Sk 2 T T O B O B
S, Horp EOS fiE #E A . SR /)N BRLSE 5 Hik 1E
FW, EOS @it 43 IL-6 Ml APRIL, 7458 %6 Ay
K F iy PCAEIERPY . 1 Wong 250958 115 MM 41 iy 5 il
EOS RSN LB 329255, AR EOS J& —F nl 5 o4
T, T AR Ab W A E BORE K 4y, 3 2 ik 57 T APRIL
FIL-6 B HLE A EOS 5 A3 58 , BTl K fs 5
S e s LR BT e PR 0 T

JRUAE I R 440 B B LA 0T A S 36 AN 28 e e
AR AT SR A7 AE 4 100, IR R Al i R EOS 2 [R]
7z BRI VR AT LA S ) R 2 1) T 68 B b e i 4
U A A B o b R RE R 4N B R A i . R
K E H B . PAF K IL-5 1F H T EOS, EOS 43 il
ECP. MBP4MH & TR A/EM TR K4, s,
P B R 3 T 4 i K7 (stem cell factor, SCF) .
BHEN . GM-CSF. LTC4. PGD2., #& 4K KT
(nerve growth factor, NGF) . [fi. EANEAERKRAT
(vascular endothelial growth factor, VEGF-A) ., &2,
T o 0 9 R S A SO b g R il Y R b, wT
DA B K 440 i A EOS B 43 A ALE F Al & 323

LA SR AN (dendritic cells, DC) J 3¢
4 FE DC 5 Ik iy B4 BUS A5G, EOS #2355 DC
BCARIER, 25 DC ISR . B M) By .
EOS Bt MBP, 34 i1 CD80 %5 2 il A1 ic 3K 15 5 DC i
AT A S B R AR RE /D R A TR, EOS 2
CCL6 (CCRI1 Fg f& ) H1E W 40 Ml & 5E & A -1y
(macrophage inflammatory protein—1vy, MIP-1vy) [ %
FEARPE . DC BRI & CCR1 78 DC _E 1y 55 &
ik, 5 EOS =4 CCL6 #1 MIP-1vy [A] i & 4=, $2/8 Pi
H WA O Wk, 16 4R 59 il EOS 1T RE 2
CCR1+H% 2 TR 240 i W 731 58] 4 S 5 457 19 S PR 2R
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SRR e JR A B I A R 9B RE AR R, EOS 77
A= VEGF . B &1 4 40 M A= K [l 7~ (fibroblast growth
factor, FGF) . HH & 1. CXCL8. MMP. TGF-B
AN, AR A BN, VEGF-A L B EEAN T
M4 A%, VEGF-C, D EZEAN Sk A, h
T EOS {18 1 T B X 4k, R b Bk 45U A 1
1 S 58 Bl SR IX 4, IE i ORT 4 4 a3t i A R
2R I

b e - 6] 78 Jit §% 1k (epithelial-mesenchymal
transition, EMT) S5MIEHEZRZ . W2y . EEED)
2. EOS 7= A iy TGF-B Fil MMP & 2 #f EMT % £
0 2 o T ol = YA 1 O s o S = e (1
R ER YA, 3@ i B A A A A BT RN £ 4R i
RO 2 B o 4800k i Ak FE b R 4 4 b
FTE
2.3 TIMEXt EOS KRBV ERIE K I sE &2 M

— RHIHFFEF W, EOS HA R 84 5 i 4n
it PR e A A % T A7 AT AR B AR, R R
KUEH EOS G R [F M AEY) Rt MYife, E0SH
TIME Z [BIfF4E ) {Z WA BEAE R . TIME H 2 % 41 i
T R AR VR T EOS, A0 475 i fif 56 J3f ik B 44
A% (thymic stromal lymphopoietin, TSLP) | eotaxin-1.,
eotaxin-2 . eotaxin-3 (CCL11. CCL24. CCL26). IL-3.
IL-5. IL-33. GM-CSF. TSLP %, K [a] #] 3 & A%
EOS Z 30 1 T fg .

Xie SE IG5 IIE 15 8098 & J& o 72 v EOS 1 fin +F
Je BILH o S AR 1 R R e PN S G AR, I
FE AR TSLP, — T, CCL7 Znib3im, itk
JEY G EOS, I i i = FLER I Ki-67 R A Fas 1
P& EOS ¥4 56 47 1% 5 3 — 5 T B IR EOS 2% 11 2L
ooy T 2B W8S PR 2T EE, B Xk
AU EOS i 12 5 25048 40 At 384 5 400 ) HL R T

ARk — RV RW], 1L-33 1k i EOS 55
B8 % 502 Il IR RN B P 98 1) T O TETAE A o LR SR 1Y
il 6 R 45 780 P TL-33 #4116 EOS 25 #0038 41 it i 1k 22 Al
BHRAW I mER. —Jm, fit i EOS #1 CD8'T
40 i A il = A CCLS, IR HF W5 400 i ™ £F TNF-«u
M S8 A0 ST2 A2 (R 7E NK 40 F Ay ik, 2 uF NK 21
0 1) 4 B T RN R RS i 1 IR HE R R
Iy —J7 W, AT 4k A R R Y 1L-33 {2 i EOS 45 A
P8 20 B P S S 4 L AR 1 Th2 78 G0 % R S A4 46
S I, DT AR 2 L AR A 04 il A B 10 TL-33 % R €5
RWMEAMW A EMERN, —Jmm, 842 ## EoS
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1 NK 20 e 1 fil 356 55 42 3 o o o e e, 5 — 5
T, FEAR CD8T 24 Al 7% 988 17 %k 13 58 Treg %o Y38 4 15
ER, 2 8 6 R Il 4% A0 i AR KU SR 3R
B, 1L-33 1 PD-1 BH I ) i) B Gl FH 444 5% ILC-2 Al
EOS [ JIg i 508 92 1 1 2 e e 38 4550z 7

IL-3, IL-5, TL-33 3% EOS #4i& 7], HArN %
() EOS i AL &5 A — & 22 5% o 2019 4F Angulo 21"
SCYG R, AT IL-3. IL-5, IL-33 351k Y EOS #
b Pk AR XF #2411 EOS 2 B % &% CD18 . CD16b .
CD66b %5 F 1 b 2 W) (19 3 38 S HTH AHY .

3 /N %F

25 b ATk, EOS & TIME Ff 3 % A4 R4 07 40 s il
P A, — R ISR K ] EOS 7R A [R] 25 AU TIME
o ELA A B R AT R A AR . R, FE TR
Y SO DT OIS ¢4 11 A R A i o (N
B OO AR R E Y, X SRR AR BRI SE 8
A—EXFR, W H w75 5 S8 2 H A E0S 2k H
AMLEE . pH PR AN, i TIME 1 EOS £ 4b
T s R PE AR B B, R R ER
Fe Xt EOS 2 AL ¥ 3 ] BB B LI 45 RN — 5L
MR o BRILZ AN, AR E N AMIESE 2 5 TP EOS
KAFH 2 Wi (6 . WS M E, T EOS {2 Jif 98 sl 4t
i g =% U i U0 HIL RN AR O A5 5 B S B A
WG IE 2 2 S Il M o A Bl 0E BT AL, A
LU . SRR I IRIRIR E D> . f E EOS 1
TIME 1 5 45 HIBL ] 8 RF 3 — 20 B0, WA A ¢
ML AT B T AH DGR T 5 I 1 4 10 R0 25 W i A
HAEZEMNIGKRE X

R R AEAEARELEA BT E,
S % 3Lk
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