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Table S1 Summary of nanomedicine overcoming tumor immunosuppression.

Advantage and  unique Ref
Target Nanomedicine Classification Mechanism Cancer
characteristic
HA-PeiPLGA-MTX  Polymer Targeted malignant breast NF-«B signaling was inhibited and M2 4T1 mouse
1
NPs nanoparticle  cells TAMs shifted to M1 phenotype model
MDA-MB
Nanoparticles activate NF-xB p65 and
PHNPs@DPA-S-S-B  Inorganic GSH-responsive,  targeted -231
promote the polarization of TAMs into M1 2
SA-MA@3-MA nanoparticle TAMs mouse
type macrophages
model
P/ML-NNG can release drugs to different
MMP2-responsive, targeted targets and  simultaneously  inhibit B16 mouse
P/ML-NNG Nanogel 3
T cells, and targeted TAMs ~ PD-1/PD-L1 and NF-xB pathway, thereby model
repolarizing M2 TAMs to M1 TAMs
Layered Endosomal escape, regulate LDH@155 nanoparticles effectively
TC-1
TAMs LDH@155 double the expression of activated NF-«B expression in TAMs, and
mouse 4
nanoparticles hydroxide pro-inflammatory  factors, induced polarization of TAMs towards M1
model

nanoparticle

and costimulatory molecules

phenotype



IL-12/a-TOS loaded

TRN

TNPs

BLZ945/Sel NPs

a-PDL1-CSF-LNPs

Inorganic

nanoparticle

Polymer

nanoparticle

Lipid

nanoparticle

Lipid

nanoparticle

in MDSCs.
Good solubility,
biocompatibility,
degradability, and  pH

sensitivity

No toxicity and responsive
release
Stability, higher
internalization in M2
macrophages, and sustained
release
Biocompatibility, antibody

tethering, and efficient drug

loading capacity

Microenvironment responsive nanocarriers
release 1L12 and promote the repolarization

of TAMs into M1 phenotype.

The released IL-12 promoted the

polarization of TAMs into M1 phenotype.

Supramolecular nanoparticles

continuously inhibit both CSF1R and
MAPK signaling pathways, promoting the
repolarization of M2 macrophages to the
M1 phenotype.

a-PDL1-CSF-LNPs can simultaneously
target and inhibit the PDL1 and CSFI1R
pathways, the

thereby promoting

transformation of M2 phenotype into M1

4T1 mouse

model

HepG2
mouse

model

4T1 mouse

model

B16/F10
mouse

model



PIT@MM NPs

R848@LNPs

Iron oxide

nanoparticles

MIX-NPs

DMSN-PEI@125a

Polymer

nanoparticle

Polymer

nanoparticle

Inorganic

nanoparticle

Polymer

nanoparticle

Inorganic

nanoparticle

Actively targeting the tumor

site and immune escape

Targeted M2 macrophages,

biocompatibility

biodegradability

Hemolysis

pH-responsive,
separation,

targeting of

cancer cells

and

core-shell
selective

TAMs and

Large pore size, volume,

high

surface areas,

and

phenotype.

Biomimetic nanoparticles repolarises M2
macrophages into M1 macrophages by
altering their epigenetic properties
R848@LNPs can target CD206 positive M2
like TAMs and convert them into anti-tumor

M1 macrophages.

Iron oxide nanoparticles differentiate M2

like TAMs into M1 phenotypes

Twin-like charge-switchable nanoparticles
selectively  silence  MFN1, thereby
inhibiting mitochondrial fusion in TAMs
and promoting repolarization of TAMs from
M2 to M1 phenotype.

DMSN-PEI@125a bind to the 3-

untranslated region of targeted mRNA and

breast

cancer

4T1 mouse

model

LLC
mouse

model

4T1 mouse

model

TC-1

mouse

11

12

13



T cells

CuPP

OX40L M1-exos

PTEN mRNA NPs

Biomimetic

nanoparticles

protecting gene stability

High physiological stability,

Nanoenzyme  tunable enzyme-like
activities, and low cost
Immune evasion, participate

Exosomes in intercellular
communication

Polymer

Protecting gene stability
nanoparticle

Homologous adhesion,
Inorganic

crossing the blood-brain
nanoparticle

barrier

repolarize TAMs.

CuPP promotes the transition of M2
macrophages to M1 macrophages by
increasing the O, level in TME.

OX40L

M1-exos promoted the

reprogramming of TAMs into Ml

macrophages by activating the
0OX40/0X40L pathway

PTEN mRNA nanoparticles promote the
permeation of CD8" T cells in tumor tissues
and reverse TIME.

The combination of biomimetic
nanoparticles and PX reduced PD-1 and
TIM-3 on T cells by downregulating TET2
expression, and inhibited GRK2 for
stabilizing S1PR1 expression on T cells

surface.

model

4T1 mouse

model

4T1 mouse

model

B16-F10
mouse

model

GL261
mouse

model

14

15

16

17



Tregs

FeS-GOx@PTX

PLGA-ICG

VNPsiLdha

CD-MnOx@CM

Fluorine-assembled

nanoparticles

Self-assembly

nanoparticle

Polymer

nanoparticle

Lipid

nanoparticle

Inorganic

nanoparticle

Inorganic

nanoparticle

High tumor permeability

and low toxicity

Biocompatible,
biodegradable, low toxicity

and sustained release

Protecting gene stability and
preventing premature gene

release

Biocompatibility, catalytic
ability, and targeted tumor

cells

Redox and photodynamic

effect

FeS-GOx@PTX can promote T cell

infiltration and completely eliminate
primary tumors by inducing ICD.
PLGA-ICG disrupts ECM by generating

heat, thereby increasing the infiltration of

CART cells.

VNPsiigha neutralize tumor acidity by
reducing lactate  production, thereby
restoring T cells function.

CD-MnOx@CM not only effectively

activated CD8" T cells, but also regulated
ROS levels in TME by catalyzing the
decomposition of H,O, into O, within the
tumor to promote T cell survival.

Fluorine-assembled nanoparticles reversed

Tregs mediated immunosuppression by

4T1 mouse

model

WM115
mouse
model
B16-F10
and 4T1
mouse

model

B16-F10
mouse

model

4T1 mouse

model
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20

21
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tLyp1-CH NPs

Supramolecular
photodynamic

nanoparticles

LBL-hNPs

Cur NPs

UA liposomes

Polymer

nanoparticle

Cyclodextrin
inclusion

complex

Polymer

nanoparticle

Polymer

nanoparticle

Liposome

Stability and targeted Tregs

Reduce phototoxicity and

responsive release

Photothermal effect,
photodynamic effect, and

pH-sensitive

High bioavailability and
safety

Improve solubility, extend

alleviating hypoxia and reducing GSH
content.

tLypl peptide coupled hybrid nanoparticles
inhibited the phosphorylation of STAT3 and
STATS, reducing Tregs within the tumors.
Supramolecular photodynamic
nanoparticles can reduce Tregs levels and
increase infiltration of CD8" T cells in

TME, thereby reversing TIME.

LBL-hNPs reduced the inhibitory function
of Tregs and improved the anti-tumor
efficiency of PDT

inhibited

Curcumin nanoparticles

MEK/ERK signaling and effectively
reduced the increase of Tregs in tumors.

UA liposomes can reduce tumor site Tregs

B16 mouse

model

4T1 mouse

model

B16/BL6
mouse

model

4T1 mouse

model

4T1 mouse
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MDS
Cs

Iron

nanoparticles

HDL NPs

FIT NPs

oxide

Inorganic

nanoparticle

Inorganic

nanoparticle

Inorganic

nanoparticle

half-life, and non-toxic

Biodegradation and

photothermal effect

Targeted MDSCs

Efficient drug loading, TME

responsive,

MDSCs

and Targeted

by inhibiting STAT5 phosphorylation and
IL-10 secretion.

Iron oxide nanoparticles-mediated PTT can
preferentially eliminate Tregs at the tumor

sites.

HDL NPs significantly inhibited the activity
of MDSCs and inhibited tumor growth.

FIT NPs can enhance the efficacy of PTT
by inducing ICD and reducing the function
of MDSCs.

model

4T1 mouse

model

B16F10
and
LLC
mouse
model

CT26

mouse

model
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TAFs

IR780/Met NPs

R-mPDV/PDV/DOX/
siL

LPPR

DMSN@MIPs

PMs-Ba

Inorganic

nanoparticle

Polymer

nanoparticle

Polymer

nanoparticle

Inorganic

nanoparticle

Polymer

Control release effect, large

pore size, and produce O,

Redox reaction, Lysosome

escape, and targetability

Extend half-life, reduce
toxicity, and  improve
stability

Large pore size, volume,

and high surface areas

Long cycle characteristics,

The nanoplatform  overcomed tumor

hypoxia by inhibiting  mitochondrial

respiration,  thereby  inhibiting  the
immunosuppressive function induced by

MDSCs.

R-mPDV/PDV/DOXI/sIL efficiently silence
LDHA expression and induce ICD.

LPPR can increase cytotoxic T cells
infiltration and reduce immunosuppressive
cells recruitment by inhibiting TAFs
activation in vivo.

DMSN@MIPs inhibited the activation of
TAFs and increased the levels of immune
cells (DCs, CD8" T cells, and NK cells) .
PMs-Ba cells

increased cytotoxic T

B16F10
mouse

model

4T1 mouse

model

4T1 mouse

model

4T1 mouse

model

4T1 mouse
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PEG-SAB-Lip

Self-adaptive

nanoregulator

Biomimetic

nanoparticles

nanoparticle

Liposome

Micella

Solid  lipid

nanoparticle

low toxicity, and

biocompatibility

Long cycle characteristics,
low toxicity, and

biocompatibility

Adjustable form and

ROS-responsive release

Simultaneously  targeting

cancer cells and TAFs,
immune evasion,
long-term circulation and

tumor-homing capability

infiltration and stimulated the tumor
immune microenvironment by inhibiting
TAFs activation.
PEG-SAB-Lip can remodel the tumor
fibrotic microenvironment and increase the
infiltration of CD4", CD8" T cells, and M1
macrophage.

The self-adaptive nanoregulator interfered
with tumor fibrosis and IDO1-kyurenine
axis induced T cells failure by delivering
indoleamine

TAFs inhibitor and

2,3-dioxygenase 1 inhibitor.

Biomimetic nanoparticles simultaneously
blocked the glycolysis of cancer cells and
TAFs, reduced lactate production in TME,

and activated immune responses.

model

4T1 mouse

model

Panc02
and KPC
mouse

model

4T1 mouse

model

36
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NK

cells

Inorganic
Gal/IL-15@CaLN
nanoparticle

Self-assembly
SCND-SIS3

nanoparticle

Lipid
STING-LNPs

nanoparticle
SHP-1/Cbl  siRNA Lipid
LNPs nanoparticle

Inorganic
SeNPs

nanoparticle

Biocompatibility and

acid-responsive release
Bioavailability and

biocompatibility

Long-term circulation and

biocompatibility

Multi-targeting, high

specificity, and stability

Biocompatibility, enzymes

and ROS-responsive

Gal/lL-15@CaLN enhance T  cells

immunity by activating NK cells.

SCND-SIS3 enhance NK cell-mediated

immune response by inhibiting

Smad3-mediated Ndrg1 transcription.

STING-LNPs kill metastatic cancer cells in

the circulation by activating NK cells.

Nanoparticles enhance the ability of NK
cells to kill cancer cells by silencing the
expression of SHP-1, Cb1-b, and c-Cbl in
NK cells.

The oxidative metabolites produced by

SeNPs enhance tumor chemotherapy

immunotherapy by activating NK cells.

CT26
mouse
model
LLC
mouse
model
Renca
mouse
model
221.Cw4-
HLA
mouse
model
MDA-MB
-231
mouse

model
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DCs

Pem/Se

CC-6td NP

mHMnNO-Dox

aDCM@PLGA/RAP
A

PAG/BTZ

Inorganic
Safety and ROS-responsive
nanoparticle

Self-assembly Carrier-free, no adverse

nanoparticle  immune reactions, and

Inorganic Homologous targeting and

nanoparticle  biocompatibility

Polymer Homologous adhesion, cros

nanoparticle  sing the blood-brain barrier.

pH-responsive, high loading
Polymer

content, and prolonging the
nanoparticle

blood circulation time

The selenite produced by Pem/Se can

activate NK cells via inhibiting HLA-E.

CC-6td NP can simultaneously regulate the

anti-tumor cascade immune response
initiated by DCs.

The release of Mn2" from mHMnO-Dox
promotes DCs maturation and induces
anti-tumor immune response by activating
CGAS-STING.
aDCM@PLGA/RAPA stimulate the
maturation of DCs and activate the
infiltration of T cells, thereby inducing
anti-tumor immunity.

The BTZ released by PAG/BTZ is
responsible for inducing ICD, while AG is

responsible for promoting the maturation of

A549

mouse
model
MC38
mouse

model

4T1 mouse

model

C6-LUC
mouse

model

4T1 mouse

model
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45
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Non-s
pecific
targete

d

RNA-NPs

Ru@ICG BLZ NPs

Cur-CSNPs

Lipo Zol/IR NPs

Composite

nanoparticle

Inorganic

nanoparticle

Inorganic

nanoparticle

Lipid

nanoparticle

Condense RNA and

penetrate the negatively

charged cell membrane

Responsive release and low

toxicity

ROS-responsive and

NIR-responsive

Targeting the tumor site,
large pore size, volume, and

high surface areas

DCs, thereby better inducing anti-tumor

immune responses.

RNA-NPs promote the maturation of DCs

to initiate anti-tumor immune responses.

Ru@ICG-BLZ NPs can repolarize TAMs
into M1 phenotype and eliminate tumor

cells through phototherapy.

Cur-CSNPs downregulate the expression of
HIF-1 and promote polarization of M2

macrophages towards M1 macrophages.

Lipo Zol/IR NPs release Zol in TEM and
were selectively engulfed by TAMs,

causing them to repolarize from the

immunosuppressed M2 phenotype to the

CT26

mouse
model
CT26

mouse
model
4T1 and
MDA-MB

-231

mouse

model

4T1 mouse

model
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immunostimulated M1 phenotype.

Stability and high IL@H-PP can induce an increase in ROS in
Inorganic 4T1 mouse
IL@H-PP photothermal conversion TAMSs by releasing copper ions, thereby 53
nanoparticle model
efficiency repolarizing them to an M1 phenotype.
Low toxicity, high drug
loading rate, and LT-NPs can effectively stimulate the CT26
Self-assembly
LT-NPs specififically cleaved in maturation of DCs and initiate anti-tumor mouse 54
nanoparticle
tumor cells immune responses. model
iIPS-MnO,@Ce6 promote the maturation of  Lewis
Inorganic Biocompatibility and high
iIPS-MnO,@Ceb6 DCs, thereby activating T cells and NK mouse 55
nanoparticle  photo/thermal stability
cells, and inducing immune responses model
YiClustersrna Significantly increased the Panc02
Polymer pH-responsive and avoiding
YiClustersirna permeation of CD8" T cells and inhibited mouse 56
nanoparticle  gene degradation
tumor growth model

PHNPs@DPA-S-S-BSA-MA@3-MA, 3-MA loaded porous hollow iron oxide nanoparticles modified with mannose; IL-12/a-TOS loaded TRN,
TME-responsive nanocarriers loaded with 1L-12 or a-TOS; TNPs, tumor-responsive therapeutic nanoparticles for co-delivery of IL-12 and
doxorubicin; BLZ945/Sel NPs, BLZ945 and selumetinib loaded supramolecular nanoparticles; P/ T@MM NPs, TMP195 loaded macrophage
membrane-coated biomimetic nanoparticles; R848@LNPs, R848@LNPs labeled with 5(6)-carboxyfluorescein; MIX-NPs, twin-like



charge-switchable nanoparticles; tLyp1-CH NPs, tLyp1 peptide coupled hybrid nanoparticles; Cur NPs, curcumin nanoparticles; IR780/Met NPs,
IR780 and metformin loaded nanoplatform; SHP-1/Cbl siRNA LNPs, lipid-based nanoparticles for SHP-1 and Chl siRNA delivery
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