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Research progress of nano-delivery systems targeting
reprogramming tumor-associated macrophages in the
treatment of breast cancer
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Abstract: In the tumor microenvironment (TME) of breast cancer, tumor-associated macrophages (TAMs)
predominantly exhibit a pro-tumor M2 phenotype. These M2 TAMs significantly exacerbate breast cancer malignant
progression through multiple mechanisms: they secrete growth factors and cytokines to promote the proliferation,
invasion and migration of tumor cells; they facilitate tumor metastasis by inducing angiogenesis and remodeling
the extracellular matrix; and they mediate the resistance of tumor cells to chemotherapy, targeted therapy and
immunotherapy by providing survival signals, efc., leading to drug resistance. Consequently, TAMs are pivotal
drivers of breast cancer initiation, progression, metastasis, and therapy resistance. With its excellent targeting, drug-
carrying diversity and microenvironmental response properties, the nano-delivery system provides a new strategy
for targeting and regulating the phenotypic polarization of TAMs by remodeling the inflammatory environment,
modulating oxidative stress and immune signaling networks, and regulating the metabolic reprogramming of
glucose, lipids, and amino acids, making it a key research direction for reversing TME, which has an important
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potential for clinical translation. This review systematically summarizes the critical impact of TAM phenotypic

polarization on breast cancer pathogenesis, metastasis, and drug resistance, alongside nano delivery-based strategies

for TAM reprogramming and the underlying molecular network mechanisms they regulate, aiming to provide new

insights for the precision treatment of breast cancer.
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Figure 1 The multi-factor regulatory networks of M2 TAMs driving tumorigenesis, metastasis and drug resistance. TAMs: Tumor-associ-

ated macrophages; NK cell: Natural killer cell; Tregs: Regulatory T cells; PD-L1: Programmed death-ligand 1; PD-1: Programmed death 1;

TGF-f: Transforming growth factor-beta; STAT3: Signal transducer and activator of transcription 3; HLF: Hepatic leukemia factor; GGT1:

Gamma-glutamy] transferase 1; GSH: Glutathione; GPX4: Glutathione peroxidase 4; NF-xB: Nuclear factor-kappa B
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Figure 2 The M1/M2 polarization and functional regulation of TAMs. TLR: Toll-like receptor; Thl: T helper 1 cell; MHC-II: Major histo-

compatibility complex class II; ROS: Reactive oxygen species; RN

S: Reactive nitrogen species; IFN-y: Interferon-gamma; TCA: Tricarbox-

ylic acid cycle; MDSCs: Myeloid-derived suppressor cells; MARCO: Macrophage receptor with collagenous structure
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Table 1

Nano-delivery systems for reprogramming TAMs in the last five years. GDNP: Ginseng-derived nanoparticles; HMMDN: Hollow

manganese dioxide nanoparticle; IL-10: Interleukin 10; VEGF: Vascular endothelial growth factor; CQ: Chloroquine; PFH: Perfluorohex-
ane; DPPA: Anti-PD-L1 peptide; UCNPs: Upconverting nanoparticles; PFC: Perfluorocarbon; DOX: Doxorubicin; TEV: Tumor-derived

extracellular vesicles; CS: Chondroitin sulfate; CTS: Cryptotanshinone; FNA: Framework nucleic acid, PPS: Polyporus polysaccharide, SPI-

ONs: Superparamagnetic iron-based nanocomposites; IFN-y: Interferon-gamma; SMPs: Succinate-loaded microparticles; LDHA: Lactate

dehydrogenase A; MSNPs: Metabolic supramolecular nanoparticles; FAO: Fatty acid oxidation; MI3-PD: MYC inhibitor prodrug

Strategy Name Type Mechanism Ref.
Inflammatory modulation GDNP Nanoparticles Increase CCL5 and CXCL9; promote the [29]
infiltration of CD8" T cells
HMMDN-Met Nanoparticles Down-regulate the expression of IL-10 and [30]
VEGF
Signaling ROS Pt(IV)/CQ/PFHNPs-DPPA-1 Nanoparticles The reduction of platinum to cisplatin; [31]
pathway targeting increases ROS
UCNPs@mSiO.-PFC/ Nanoparticles PFC oxygen-carrying and activate Ce6 to [32]
Ce6@RAW-Man/PTX produce reactive oxygen species
STAT3 siSTAT3-DOX@TEV Nanocarrier system siSTAT3 silenced STAT3 gene expression [33]
and down-regulated STAT3
CS/LyP-1-PC Lip Liposomes CTS inhibits STAT3 phosphorylation and [34]
reduces Tregs, MDSCs
NF-xB CpG-siRNA-tFNA Nucleic acid self-assembled ~ Activate TLR9/NF-xB pathways; silence [35]
delivery system PI3Ky
Man/PPS-SPIONs Nanoparticles Stimulate IFN-y and activate NF-«B pathway  [36]
Metabolic Glucose SMPs Microparticles Inhibit IDH2 and stabilize HIF la; [37]
reprogramming  metabolism enhancement LDHA expression
Lipid MSNPs Nanoparticles TLR7/8 agonist synergizes with FAO [38]
metabolism inhibition
Amino acid avf3-MI3-PD NP Nanoparticles Block glycolysis-glutamine axis [39]
metabolism
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JOT AT At S5 AR g A L v 6 BV A 1) SR A . 3K
S R 441 L 5 T I R A LA L, R R A B AR R
W, T 7 R A BORT AR HERS T, 5 B TME 15 i R S5
FHE%. TAMsTRIUXLERTER, H4 3 LANE T % A7,
FHHOI FAO 3= 3 1 fig S AR 2, AL IR 5 TAMS [7)
R JiR M2 R YRR AL, B8 ) T FAO 7] 4% TAMSs
A, Ramesh S5 i 1 AQHEE 23 7 99 K6 77 77
(metabolic supramolecular nanoparticles, MSNs), i it
TLR7/8 15 ‘5 it % Wi 5 FAO i ) XU AF Y, 38 fif
TAMs FAR U RS 2D S0 AU i 0 T9% e 2 #8014
PEAN 73 1 2B I % 170 b, BK 5 TAMSs %
A R IR S A, k2 o L B 2 e S e R
433 FIETAMs SERRBEHNARKBEERG RE
R IERR A I AR 40 i 32 EE 8 BRI, (H AR > i
W RIEE 5 5 RENE . BERHZ AT FH L
95 A M A5 IE % 2 2R A RN Z80RE Ty fe T T HH B R B
BRI ANARN T @R Z R, A
Ay B 20 4 A B R R S A R D e, B M2
T TAMSs AR A6 1R B B 3 BR 101 Rt 38 ) - T34
AR R A W AT BRI T 4% TAMs R . Esser %7 &
#4525 avp3 B8 1] 99K KL (avp3-MI3-PD NPs) i
TR YR I8 MY C 01 771, #E 15] BEL T C-MY C /i 5 0 B
T2 fift -3 I i o A AR i, S A I i Bl ) 3R
1 5 PR ) M2 B TAMSs (109 X35 25 22 1) A 52 0 M1 Y
TAMs 5T/ R D AES
5 HiEERE

B [v1) B 2 72 TAMS (190K 38 16 8 45 7L R 9T
TERE T OBr@ 4%, 18 B 8 4% TAMSs 3 80 5l i 8] #2
T I A P TR S5, P 00 e R B 2 41 ) O 45 0
R SR UMRE RN . S A G VAR B, BT 48K S
& R GEHAFAAE T e L 1) 1% L 3024 2 R SR
B LRV o g oK Ik R G ik R B M2 Y
TAMs 5 %3 i Je 4 26 410 ) PR 56, i v IR VA 7 1 2
Fo AHSE T MR A B SR B K B0 ECM ) B R
B, Hy 2 I 59 E S BE 1) HN B ROR, HR TAMs & 5 i)
ENAS DU AL AT B R AR A YR I 5%, A R v
E F 45 7€ 40 B S 7 O 48 35 48 € M1 R BUAFEAE B 3% N
X, Rt s B M2 B TAMSs [R5 S B ) VR )7 — HL
ST T 78 B ETOME R 1 A, 9 K o 751 RIS A A 7 PR
Tl R T ASE B A 1) JR B, [ 3 380 T i R 2 A 1)
SERPERERG o BT DL BB, RO 7T B Ok T T
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