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The roles of neutrophils in regulating tumorigenesis,

development, and metastasis
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Abstract: Neutrophils, as pivotal components of the innate immune system, have recently attracted growing atten-
tion for their multifaceted roles within the tumor immune microenvironment. Emerging evidence demonstrated that neu-
trophils are extensively infiltrated in various solid tumors, and their quantity and functional status are strongly associated
with patient prognosis and immunotherapy response. During tumorigenesis and progression,on one hand, neutrophils con-
tribute to tumor growth and metastasis via promoting inflammation, immune evasion, angiogenesis, and establishing pre-
metastatic niches; on the other hand, certain neutrophil subsets also exhibit antitumor properties, indicating their remarkable
functional heterogeneity. Despite these insights, the dynamic regulatory mechanisms governing neutrophil phenotypic
plasticity and developmental trajectories within the tumor microenvironment remain incompletely understood. This re-
view provides a comprehensive overview of the roles of neutrophils in tumor initiation, progression and metastasis, with
emphases on their phenotypic and functional diversity, interaction with other immune cells, and emerging applications in

tumor immunotherapy. By summarizing recent advances and highlighting unresolved challenges, this review aims to
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deepen our understanding of neutrophil-mediated tumor immunity and to highlight the development of potential innovative

strategies for their therapeutic targeting and clinical intervention.

Key words: neutrophils; tumor microenvironment; functional heterogeneity; immune evasion; tumorigenesis and

metastasis

0 3l

T A 20 M A A AR IV TP A S A
T A 2R A UE S 7E 22 Pl S AR b K SR iR A 7 R 45 i
Jeh S 0 i R 1% i 983 3 28 5% (tumor microenviron-
ment, TME) J i J& it Ji& 55 %% 8 b % 5 & 2 4E
FHT T A P8 g8 2 B 5T I OS5 T R
2 Jf A IV A v S B RUMURE 9 AR W A R HOR
AR 1 LR iR A 5 3R 97 BB R, L B R
Jod 0L AT RN A= A 35 0 Y LR N A1
I RN TR v P R 40 A i R B B b i B A T
A8 28 Ak e HE P ML, 8 T 4 S008 E M e 2830 T
TSR B O E

19t 42 K , Paul Ehrlich & Ui i Je 6 5 R %
T PRI M, B Elie Metchnikoff %& B w4 ki
2 A 0 A TR R G ok R R R AR OCREAE L HR R T
R A R S R B 5 R G R T T RE Y AT 2
AP RGP A O VRS = el 1 1 OO S o
R ol e v | TR a) b v | AN A B v | N A
LA B 5 AT AR AZ R B, e AR B b B 2t
A% A 4 02 v VA 4 B, A R A P T AR T T B
BRI MRE S, &R B Z AN S & E b
RAEDIHE

SR, R i 0 B A T AR AR S S 52 58
PRAEME B2 O, ST A 0 rh R 40 ML ) B S T RE Y
WS AR XA B o B e 38 2 A | PR L R R A
A BAR AR (e e i rb Rk A B T e S e
5 22 T A B B 2k AR T B 2R T R A e M 3 o A
7N o BFSE SN, R A A I AR R R S A Y
e e 6 iR 5 IR I S AR R DL B 8 A A TR IR
2RI W E S IR Y R A RN RS AR . [
ik AR 4 5 PR 3R 38 1% B3R 1H AR, v MR 40 MR R
S I AN T ST T A [ S A A o P s 4 A AR
PR g PR 0ok R b A A H A AR AR R AR T B i
T BE Y 5 00T R AT S

SR rh MR AR i 7 iR b SCBREAE F © w02E B
W (HH R B &R R AV DL LS b oA B v
b 5 75 240 1 52 2 A VR o R o AR 6 e W R A
R A 2 LR IR T SRS T R SR IR A,
T, RG0S R TR E BT v MR 4 A bR A
R K e 7% b B b 0 A FH AL, X T 4 7 R A g

il

PR AR 5 AL S B IR 9T U5 S8 A E B AL 2 A
e R B o A SCRE F AT £33 30T 4F 5 5% T Hp KL 40 i
I R R AR B T T R R R A TR R R R R
S 9 DB S P B g LA Al AR R e
TBEIGTTHTHL R BT ST, B AE D9 AR KA B 5 A I
PR IO FH 8 36 B 3 (K A0 AT 5 7 1)

1 e 28 B 7E AR a2t PR R B T

1.1 A2hY 3 o fk

JE T ZE 8 b MR 20 B A3 B i (N1 L) 5
FE g (N2 B P FICIRZS , 73 5l i IFN-p 5 TGF-p 5
SRS N2 B vk 20 A 1 i S i A A R
Gy AR 0T 4 A AR G AR b R ) B A A AL
S b TR T R R R ) A KRR 2B RE . il
MMP-9,CCL2 f1 CCL7 45 [H ¥ 1 1L 4 8 A= i 72
ELA SRR TS 5 I AR SRR A i 98 A JRE A B
SiglecF " H A7 41 i W) 2 2R 3 B 5 A 42 o A5 A= i Fn
AR i 8 A R

rh MR A L A 2 5 A 5 B W OA B L R
38 o B T R R 4 A A1 B B (neutrophil extracellu-
lar traps, NETs) ¢ ¥F IL-10" [#  #¢ B 41 ifd 15 4k , 4%
75 R M T 20 a9 38, ek 3 Ak 2% A A 5 10
P g R A AR AN L SR AR A v v e A i
A7 b e A B TR 25 R A AR AR T 3 5 T AL g
[7] IF 38 o 43 96 TL-17A . S100A8 %5 [ T2 #F I Kz [a]
JR AR 3T A /DN 20 A g R i R AL 4L PR
A BRI Y 45 R — 2D R, R A 4 A ik 9 2H 21
o B S Bk b bl e SR R R 1Y
e VAL A AR AR Y B AR R R AR 1R R TS %
YIAH 3¢, I 52 21 b 98 038 B b s B M B00E 15 5 0
P

rhHRL AR Y R T g R S A s AR R
PR AR BRI R, R A0 R A B S S R
GLUTL iy 5 2R 3 14 5 M % A 005 1 , 24 45 L2 i g
FRVFIAETERE 1o Mk GLUTL ) & 35 1 55 7 3
A2 Fii I8 T BE , - Ree ALK A 98 b B B4 it 2 4, 3 BH o
B A0 A 2 T A9 GLUTL AT 7 Sy B8 36 97 B9 7 7
AP A AR =B LR g SR 2 i S e
B AR AE DU TR B A1 b A T Hh v 8 Y ) g
TR D 3R 0 Ay B g 0 o 3R R, DA 35 5 S 2 TR T R



AW R - 319 -

A7 2 o T4 A6 A D0 1 A SR T T B RT3
O3 WK G2 Vb R A G TR AT X 2 R
I BT e A 40 R A AR I AR ) R s E AT —
FE IR TT RS

Hh MR A0 i 7 TR 4 e G i b itk vh R HE O G
YER o 3 1 T o A8 4 400 B4 i 43 B B, ik
ALY M R T A SR MR AR AR .
o, CCLA T v R 40 i T 47 55 4 93 30 i 1 5 0 20
J 1 PD-11 " o 7 40 it 00 3 ik B 3 00 T 40 i
T V) 55 B i R S e S o A Atk 2 M A
AN [ Ji 98 o A B 45 0 T 2 B v B A 1 T BE IR

Ao T R R %) Sk AR R W TR A R AR S %) iR BR
B b, ok 40 i T 544k A de TRATL-R1H 3y fig
A LB VEGF o 23k 09 35 1A, F 1 3 5if i 5 A
BLRE ST, O 5 B AN RS % U AH T 5 — S
A6 L 50 A2 b R A A EL bR e R B
PE 7 41 i 2 17 CD3001d & 3% 19, HiE i STATS3-
S100A8/A9 il 41 T v 11 b 4t Jif 7 i 982 1 25 B2 v 11y
SEAE 3 iR L g2 0 A RN 5 T BHL BT i 43 T S AR
o AR RE A A A5 I 0] (ANt PD-1) BRI 8RS

B8 10 B A2 21 2Ok R Y 5 o 24 A ]
B e R A I Y S R T AR o B SE R B, i i T
4 Ff 3R L gy WA B MR R E2 (pro%taglandm E2,
PGE2) W& 7 H P b 248 S 92 410 1 B8 7, 2 i 412 2 2L
i 958 1) e S 0 2 i 2 7% 5 T BEL BT 2% 1 5 ¢ AT R A2
T 40 5107 3 A&, DA T 400 11 ok 9 7 B% L TE I e %
RS W i - 20 2 1 W R B il EZH2 1Y pY 696
D7 SRR AL AT 5 S G-CSF 2635 iR, 9K 3l 5 7% 1 il
P v VR 20 Y FRER 5 B ) T B0 A S Al 0 AT
I 5 o AR IR T AR

LRI A rpP R 40 A 3 Ao R 2 A A
7S b R A TR AL, B NET's 5 2 A2 f0 58 3R 5
AR 9 e 3R TR B g S 43 AF 22 b R W I IR
s bR ) ARG B RS St e kR RE ) R R A R B Y
Ty 6e 5 0T PE A Bl AR S R (L 1) .
1.2 AP 98 o4k

IRV el g A A B v g VA 4 i 3 R R A A2
Jiev 96 248 B R EL G B e 2 BB T AE R 32 B T G
o FLIWT ST AR A N v ke 40 e e T 4 4
JiL 5 P RIS AR A S MR T A i A S B B R Ak
B eI AR /N 40 B it i (non-small cell lung car-
cinoma, NSCLC ) il 21 44, FHLAT Bt ifseg 17 4 1) o
PR KL 0 A 52 B iR R A A A5 A O AR A P R
T (I HLA .CD15.CD86) , & B A2 3 T 40
JIL G 0 1 . IR iR 4N A BT 7 AR T

1 s 4R A (R 2 e i R B Th BE S AL

Figure 1 Functions and mechanisms of neutrophils in

promoting tumor progression
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Note: (a) Tumor-infiltrating neutrophils promote tumor pro-
gression by upregulating GLUT1 to enhance glucose uptake
and glycolytic activity. (b) Arachidonic acid-enriched tumor-
derived exosomes upregulate PD-L1 expression in neutro-
phils, promoting T cell exhaustion and facilitating immune
evasion. (c) Tumor-associated neutrophils secrete high levels
of the chemokine CCL4, recruiting M2-like immunosuppres-
sive macrophages. The expression of CD300ld by neutrophils
facilitates their infiltration into tumor tissue and strengthens im-
munosuppressive activity within the tumor microenvironment.
(d) Neutrophils promote angiogenesis by releasing CCL2,
CCL7 and MMP9. (e) Neutrophils facilitate epithelial-mes-
enchymal transition (EMT) via secretion of IL-17A and
S100A8. (f) Neutrophils form neutrophil extracellular traps
(NETs) to activate IL.-10 " innate-like B cells, which pro-
motes Treg expansion and support tumor progression by

shaping an immunosuppressive microenvironment.
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Figure 2 Functions and mechanisms of neutrophils in tumor suppression
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Note: (a) Tumor-infiltrating neutrophils directly kill tumor cells by releasing ELANE, reactive oxygen species (ROS) , and hy-
drogen peroxide (H-0:). (b) CD74"" neutrophil subsets promote antitumor immunity by cross-presenting tumor antigens to acti-
vate T cells. (¢) Ly6E"™ neutrophils with high expression of interferon-stimulated genes in the tumor microenvironment promote

CD8" T cell proliferation, activation, and tumor-killing activity through IL-12b secretion, contributing to antitumor immunity.
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