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[ Abstract ] Neutrophils originate from the bone marrow, differentiating from hematopoietic stem cells, and are the most prevalent
polymorphonuclear leukocytes in the blood, accounting for approximately 70% of the total white blood cells in adult peripheral
blood. Neutrophils are recognized as one of the relatively short-lived cells in the body, with a normal half-life of just a few hours in
the peripheral blood, which rely on continuous replenishment from the bone marrow to maintain the number. As short-lived effectors
of the innate immune system, neutrophils participate in various inflammatory and immune processes, and constitute the first line of
defense against infection, playing a crucial role in the activation and regulation of both innate and adaptive immunity. Neutrophils
were once considered as key effectors of inflammation and infection. Because of their short lifespan and non-proliferative nature, the

role of neutrophils in cancer was overlooked. Their role in cancer has been increasingly recognized in recent years. However, more
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and more studies demonstrate that neutrophils play a much more significant role in cancer than previously thought. Breast cancer is
one of the common malignant tumors in women, and its morbidity and mortality are in the forefront of female malignant tumors. The
incidence of breast cancer is rising globally, posing a severe threat to the physical and mental health of women worldwide. Recent
studies confirm that tumor-associated neutrophils (TANs) have become a critical component of the tumor microenvironment (TME)
and play a significant role in the development, progression and metastasis of breast cancer. TANs are formed via the interaction of
various tumor-derived cytokines which stimulate and recruit neutrophils to accumulate in the TME. The strong plasticity and diversity
of neutrophils endow TANs with dual potential to both promote and inhibit tumors. TANs advance breast cancer progression by
promoting tumor growth and metastasis, supporting tumor angiogenesis, immune suppression, and generating neutrophil extracellular
traps (NETs). Conversely, TANs mediate antitumor responses through direct tumor cell killing and contributing to the formation of
antitumor immune network. Research on TANs-related breast cancer therapies, particularly in triple-negative breast cancer (TNBC),
has become a research hotspot. This review summarized recent advances in the origin, formation, classification and function of
TANSs in breast cancer, as well as a detailed discussion of their clinical relevance. We further combined recent clinical studies to
systematically summarize the treatment strategies targeting TANs in breast cancer, with the aim of providing new insights into the

functional mechanisms of TANs and the treatment of breast cancer.
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Fig. 1 The formation and function of TANs

Neutrophils are derived from multipotent GMP located in the bone marrow, where they proliferate and mature into mature neutrophils before entering
peripheral blood circulation. Within this circulation, neutrophils undergo aging processes to become aged neutrophils, which subsequently migrate
back to the bone marrow, liver, and spleen for phagocytosis by macrophages. Various tumor-derived cytokines facilitate the recruitment of neutrophils
into the TME, resulting in the formation of TANs. Additionally, tumor cells directly influence bone marrow activity to modulate TANs recruitment.
TANs exhibit a dual role both promotes and inhibits tumor growth and dynamically convert between these two functional phenotypes through
polarization. Numerous tumor-derived cytokines are involved in mediating this polarization effect.
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Tab.1 Phenotypic and functional differences of peripheral blood neutrophils and TANSs in different tumors

Type Phenotype

Function

NI Human: CD66b°, CD11b", CD117°, CD10", CD16™"*, LOX1", CD84", JAML"; Tumor immunosuppression
Mouse: Ly6G", CD11b", CD117", CD170"", CD1017, CD84", JAML"

NI type Human: CD66b", CD11b’, CD101" CD177" (in CRC), CD54", HLA-DR",

CD86', CD15"";

Cytotoxicity; Inhibit tumor invasion

Mouse: CD11b", CD177" (in CRC), CD547, CD16°, CD170"", Ly6G"

N2 type Human: CD11b", CD66b’, CD170™", PD-L1-;
Mouse: CD11b", CD170™", Ly6G", PD-L1"
NISG Human: CD66b°, CD11b’, IFIT1, IRF7, RSAD2;

Mouse: Ly6G’, CD11b’, IFIT1, IRF7, RSAD2

Tumor growth; Tumor
metastasis; Angiogenesis;
Immunosuppression

Antiviral effect; Tumor immunity

CRC: Colorectal carcinoma; PD-L1: Programmed death ligand-1.
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dcTRAIL-R1) FMAE N A K T (vascular
endothelial growth factor a, VEGFa ) , Jisfh
TR AR I BT R, X TR g R0 e 4 e A1
. FARRBORACISHE 2 TME R A2 T v & #7 OC i
YEM]. TANSZMMARYIL-17 ') FIE G 43 ) 85 11 -9
( matrix metalloproteinase-9, MMP-9) "' 7] %
FEN T VEGF BRI Hl Bt i 4 A i 71 1
FH, HEShZL R A8 A il
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S, NETsZr87E R ZBUEAE (G FEFLIE ) b
EEfEH R, 52BN EY F R E -]
Fom Ak (epithelial-mesenchymal transition,
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MROSX e (VE AR R AR, AR T
SRR IR R IR B, TR AR FROS AT
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5.1 TANs5 SURESE & 77 69 16 SRAR %

UG R AT ST U IESE, B TANS# g 5
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4349% (TS: P<<0.001; TN: P<<0.001) FlE ik
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2T LIRS KU PR PR 2 B IR G
A [ 220 B9 37 76 v TAN's 149 BH 1 3 1k et A T 2%
5 Soto-Perez-De-CelisZs '* W58 K F, TNBC
HHTANSIH BH R R 0 88%, AR AKKH T
ZAK2 (human epidermal growth factor receptor
2, HER2) %1°553%, Luminal A% k5%, ZH
ZFIHSHT B, TANsSMZEZIKMFERE D
FAE [ HE I (odds ratio, OR) =16.85,
95% CI: 4.4~64.6, P<<0.000 1] . HHijd kL
AN Sk LA L {1 ( neutrophil-to-lymphocyte
ratio, NLR) . TANs&aXF 150 A5 A 7 K
WS MR O TUS 5 bR 2 0 2R E T
7R, NLRETNBCEE LM EFR (disease-
free survival, DFS) ME—pgal~r WG RIZE [ X
K It (hazard ratio, HR) =2.60, 95% CI:

1.20~5.64, P=0.015] ") NLRLZHHiBhik
J7 (neoadjuvant-chemotherapy, NAC ) JAJ7H
JR e i P PN FE A5, £F %) Luminal BESATHER2
RIZLMERTEIE Y R, NACHIR 258 4 4%
fi# ( pathological complete response, pCR ) ZHf)
NLR %25 THEpCRZH (P=0.048 ) . SR HAiA
I H e 2 i LR TS e 32 2 R BRAE I 2
MR L, TRIEZETME S I TANs 3R
IOYERE | Mg B Mo 22 5, BOMEIRTS 45—
Wndatr. Mo, TANsFER R R L K HAE
e SV R, AR L S R A AR
KPFAE—E ML
52 FpHFUBESE F TANs#) iz I

F 55 TAN 2 I 4 L) HH o MR 20 it 9 2 —
-, TGF-BHIHI 7] 5 CXCR2¥EHT FINavarixinfig
A TANs Y2, Jf H 2 A CXCR24%5 1T
FETT FUIE AR SE IR PRI IE7E#E4T . He
a0V RS R, I FHIL-845 571 SB225002 7] i
FIHBRTANSFH B2 If 1L IR A4 . CXCR4JE
P Atz i 1 o — R R T, 25 TANSs
RS AR A I BE4E 70 L iR R S T
B2l (Naged, CXCR4'CD62L"") i@ SIRT1-
Naged-NETs#l1Z 5 FLIRIE 54, CXCR4#EHL
FIHE ] Naged A 19 B L i g il 4 % 3R 430 17 397 0
g8 T TANSSRAIRSS , 0 ) S B A e 2
P TANs ] I 25 3058 FLMR IR T AR, SR X
N2AITANSHF PR YT HE s R BT+ 53 BRI
5.3 - FTANsHIP AL

R TANsHUMRE AL, D8/ s U TANs
AR, AT I I 55 TANSS A9 G 2% I il Ve
14 58 LI 00 S PR IR T ROR . BT TGE-p
RIS IIFEN-B C°0) 4520 i Al F ] 5 S TANs AN 1
WAL, NEWTTR iz H2 ( fatty acid transport
protein 2, FATP2 ) 3Rik L iHRENE I &R TANs
PG TR I 1, SR I TR FAT P2 1T A7 2% 4E 2% Jih
gk L LindeZs 'Y BFST A B, TNF.
CDA0FL BN 7 A e 45 A BRI & 38 B Y7 vk
A S TANsH H =/B4E ik FIEAROSE i
o, PIE TANsIPUMIEE R, )7 A Z A
Mg (L 4EFLIE ) AR FUBRIEA A —
i (estradiol, E2) i i TR HLFA-11d



(e @EER L) 2024455534555 91

887

ik, MEHETANsEIN2BAL 17, MM E Z Ko
(‘estrogen receptor o, ERa ) FEHTH H FEIR iE iz
Mt ( methyl piperidol pyrazole, MPP ) 1] Hi|55i%
A FH T 40061 B 8 ) . 15 S TANs N2 A
R TR AEFLIRE IR YT T N R (A T
5.4 #pHTANsP A2 M8 =% G —1 ( programmed
death—1, PD—1) /PD-L1 % &a% &

HU [ PD-1/PD-L 1 G A 2 s — F A 2011
FEIE BRI IRYT vk, [RIREIE F T HE 17 TANS IR
ST ARG T R, R IR PETEN -y |
TNF-af1GM-CSF %5 41 ffg A 3 i G TAK -
STAT3MIIL6-STAT3 %5 5 4% Tl 15 7 TANs
PD-L1fJ3Ei5. PD-L1° TANSsHE B i T4
JEL TN 20 M 08 T o8 O 0 o g ik
& L0 Taifours VRS KB, TNBCH!
Chi3l1N#M TANsHH 55, Jfl i 5 PD-L1#& A /K
BRI bR G2 %, AT FEAIKPD-1/PD-L 141
BT RL, B Chi3 11D & S VA T i) i 5 4
FFTNBCHIJ 7L, PD-1HIPD-L1il5 & 7EFL AR
FEVRIT I R, AT X TANSHE 5 & TANsIE
A R AT S IR T S AT . TANsAHH
LIRS AT A RIHILR T L 22

6 SBEMREZE

T AF >R TANSTE 2L g8 H 08 43 #IL i i 2L
DIfew B Wi, TANSHYIZREM:FITT 3 1 25
HHATEFUREN & KRR RE iy
AR, WA ENIURE S MR &
FG ZE 67 ¥ B T BE . BUAT IR 98 IEHRIE 52
TANSTEFLIR S P LA B8 A g i) XU v
RE, FILFH X A ReE— 2 HR 9T FUMRIR 1 B 7 Ik
Al BB R TANSTE FLIRIE T 1 Th RE ML
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Tab.2 TANs-related breast cancer treatment targets and mechanisms

Therapeutic mechanism Target Drug Reference

(1) Inhibit the infiltration of TANs CXCR2 Navarixin (CXCR2 inhibitor) [55]

IL-8 SB225002 (IL-8 inhibitor) [56]

SIRT1-Naged-NETs [58]

Acodl [26]

(2) Induce TANS polarization TGF-B SB525334 (TGF-B inhibitor) [59]
towards the N1 phenotype

IFN-B IFN-Bactivator [ 60 ]

FATP2 Lipofermata (FATP2 inhibitor) [61]

E2 MPP [64]

(3) Inhibition of PD-1/PD-L1 checkpoint Chi3ll [41]
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