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Figure S1. (A) Hydrodynamic size (determined by dynamic light scattering, DLS) of MPCC at different mass ratios of C968:CaO₂(w/w: 0:1, 1:1, 2:1, 3:1, 4:1). (B) Cell viability of 4T1 tumor cells after treatment with MPCC prepared at different mass ratios of C968:CaO₂(w/w: 1:0, 0:1, 1:1, 2:1, 3:1, 4:1) under hypoxic conditions. (C) Statistical analysis of IC50 values derived from the cell viability curves in 4T1 tumor cells.
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Figure S2. (A) The UV-Vis absorption spectra of free C968, mPDA, and mPDA@C968. (B-C) Hydrodynamic size changes of MPCC over 14 days in PBS (B) and PBS supplemented with 2% FBS (C) at 37 °C. (D) Cumulative release profile of C968 from MPCC in DMSO at 37°C.
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Figure S3. (A) Representative fluorescence images showing time-dependent intracellular uptake of MPCC@FITC (green) in 4T1 tumor cells at indicated time points. Nuclei were counterstained with DAPI (blue). Scale bar: 100 μm. (B) Pearson’s correlation coefficient quantifying colocalization between MPCC@FITC (green) and mitochondria (MitoTracker Red) in 4T1 cells. (C) Representative confocal z-stack images of 3D tumor spheroid penetration assay demonstrating penetration of MPCC@FITC (green) into 4T1 tumor spheroids at different depths (0-1200 μm). Scale bar: 1000 μm.
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Figure S4. Cell viability of MB231 tumor cells after treatment with increasing concentrations of mPDA, mPDA@C968, MPC, and MPCC in a hypoxic chamber (37℃, 5% O2, 5%CO2, 90%N2 balance).
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Figure S5. (A-B) Viabilities of 3T3 (A) and HUVECs (B) after treatment with different concentrations of mPDA, mPDA@C968, MPC, and MPCC.
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Figure S6. (A) PCA of RNA-seq data from 4T1 tumor cells after different treatments (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC) (B) GO functional classification and enrichment analysis of differentially expressed genes between PBS control and MPCC treatment groups.
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Figure S7. (A) Representative fluorescence images of 4T1 tumor cells dyed with the oxygen-sensitive probe Ru(dpp)3(PF6)2 after treatment with PBS (G1), mPDA (G2), mPDA@C968 (G3), MPC (G4), or MPCC (G5) in a hypoxic chamber. Scale bar: 100 μm. (B) Schematic illustration of the hypoxic chamber setup used to simulate a tumor microenvironment (37 °C, 5% O₂, 5% CO₂, 90% N₂ balance).
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Figure S8. (A-B) Representative flow cytometry analysis of HIF-1α expression (A) and corresponding quantification of MFI (B) in 4T1 tumor cells. (C–D) Quantitative analysis of relative expression levels of HIF-1α (C), HMOX1 (D) in 4T1 cells after the indicated treatment. (E) Representative western blot and corresponding densitometric quantification of HMOX1 protein expression in 4T1 cells after treated with EDTA. (F-H) Quantitative analysis of relative expression levels of SLC40A1 (F), SLC1A1 (G), and GPX4 (H) in 4T1 cells after the indicated treatments. (I) Representative FACS of intracellular ROS levels in 4T1 tumor cells after different treatments. (J) Representative CLSM images demonstrating changes in mitochondrial membrane potential in 4T1 tumor cells stained with JC-1 after different treatments. Scale bar: 100 μm. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
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Figure S9. (A) Viabilities of 4T1 tumor cells treated with MPCC or MPCC combined with DFOM. (B) Fluorescence images of 4T1 tumor cells stained with C11-BODIPY level after treatments (G1, G5 and G5/DFOM, scale bar: 100 μm). (C) Representative western blot and corresponding densitometric quantification of GPX4 protein expression in 4T1 tumor cells after treatment with MPCC alone (G5) or MPCC combined with DFOM (G5/DFOM). (D–G) Representative western blot and corresponding densitometric quantification of HIF-1α (D, F) and GPX4 (E, G) protein expression across different treatment groups in 4T1 tumor cells under hypoxic conditions. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)


[image: 微信图片_20260204214728_2624_343]Figure S10. (A-D) Representative western blots (upper panels) and corresponding quantification of HIF-1α (A), SLC40A1 (B), SLC1A1 (C), and GPX4 (D) in MB231 cells after the indicated treatments. (E) Representative fluorescence images of MB231 cells stained with C11-BODIPY after different treatments. Scale bar: 100 μm. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
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Figure S11. Representative CLSM Z-stack images showing the relationship between CD31 (vascular endothelium) and lipid peroxidation in 3D tumor model. Scale bar: 1000 μm.
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Figure S12. (A) Schematic illustration of the co-culture model used to evaluate T cell activation. (B-C) Representative FACS of CD8+IFN-γ+ T cells (B) and corresponding quantitative statistical analysis (C) following different treatments in the co-culture system. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
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Figure S13. (A) Representative fluorescence images showing HMGB1 leakage from MB231 tumor cells after different treatments. Scale bar: 100 μm. (B) Representative fluorescence images of calreticulin (CRT) exposure on the surface of MB231 tumor cells after the indicated treatments. Scale bar: 100 μm. (C) Quantitative analysis of extracellular ATP release from MB231 tumor cells following different treatments. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
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Figure S14. (A-B) Representative immunofluorescence staining of GPX4 (A) and SLC1A1 (B) in tumor tissues from mice after different treatments. Scale bar: 100 μm. 
(C) Representative FACS intracellular ROS levels in dissociated tumor tissues after the indicated treatments. (D) Representative immunofluorescence staining of CD8+ T cells infiltration in tumor tissues after different treatments. Scale bar: 100 μm. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
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Figure S15. (A-B) Representative FACS analysis of CD3+CD8+ T cells in spleen tissues and corresponding quantitative statistical analysis after different treatments.
 (C-D) Representative FACS analysis of M1-like macrophages (F4/80+CD80+) (C) and M2-like macrophages (F4/80+CD206+) (D) in spleen or tumor tissues after the indicated treatments. (E) Representative FACS analysis of MDSCs in tumor tissues after different treatments. (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
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Figure S16. (A) Body weight monitoring of mice over the treatment period following administration of different formulations. (B) Representative H&E staining of major organs (heart, liver, spleen, lung, and kidney) harvested from mice after the indicated treatments. Scale bar: 100 μm. (C–E) Serum biochemistry analysis of liver and kidney function markers in mice after different treatments: ALT (C), AST (D), and CREA (E). (G1: PBS, G2: mPDA, G3: mPDA@C968, G4: MPC, G5: MPCC)
image5.jpeg
Cell Viability (%)

100-

80+

60-

40-

204

mPDA

mPDA@C968
MPC

-¥ MPCC

2 4 6 8

Con. (ug/mL)

10

Cell Viability (%)

100~

80+

60+

40-

3

mPDA
mPDA@C968
MPC

~» MPCC

0 2 4 6

Con. (ug/mL)

10




image6.jpeg
>

PC2 (8.67%)

PCA analysis B
.ot
. b
18 W biological_process
. .o transcription regulator actviy M cellular_component
‘molecular function regulator W molecular_function
catalytic activity
binding
i membrane part
. \in — membrane
oo A protein-containing complex
a organelie part
i organelie
H cell part
reproductive process
: O R S T T )

PC1 (54.25%) immune system process
multicellular organismal process

localization

developmental process

response to stimulus

cellular component organization or biogenesis.
metabolic process

biological reguiation

cellular process

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Number of genes




image7.jpeg
[

G4

G1

Pe

< PleWYbug




image8.jpeg
A B 1500 c 1.5
—G1 1200 1.2
JL c 3
£ — G2 W 900 % 0.9
3 I s I}
o </\ —G3 5 600 5 06
oy U
At O | = 300 T 03
o 0.0
G1 G2 G3 G4 G5 G1 G2 G3 G4 G5
3
B = T 20 Fis
z g
3
g2 ' 12
$ S 10 B
= x o 0.9
< Qos &
[¢) = <
= 1 T g 0.6
* G1 G5 GS/EDTA 2
0 HMOX1 s S — e

G1 G2 G3 G4 G5 GAPDH (IR WD W 0.0
Gl G2 G3 G4 G5

G1 G2 G3 G4 G5
1.5 15
§1'2 §1.2
§0o %09
Z06 So06
203 Sos
#0. ;
0.0 0.0

G1 G2 G3 G4 G5 G1 G2 G3 G4 G5 o s

! G1 G2 G3 G4 G5

11.0 10.4 12.5 27.6 47.9

P 2D &S| &S| o





image9.jpeg
Cell Viability (%)

s G5/DFOM
100 MPCC 5
MPCC/DFOM E
804 £
=)
604 -
o
404 g
il
204 SE
xe
=)
o . . IS
o
15 z
(=)
o 121 2
2
2 0.9
o
S 0.6
- 2
G 0.3 g
0.0 . .
G1 G5 G5/DFOM
GPX4 — ”
© 2.5 1.5
@%Q‘\O\\O F - G
IR aliicy c 2.0 1.2
HIF-1a - - - 3 z
e 5 1.5 2 0.9
5 &) =
TUbULN S s S s g s < 1.04 S 0.61 |
U X
o T 05 & 0.3
e
A FdPPPF P o.o+++++ 0.0+
GPX4 s s s s s s R dcden c;:o%%®00 SFde> 0‘00(.:@@00
5 QO o Q
P S §
[T pe———— & o




image10.jpeg
A15 B 15 c 15 D 15
1.2 5 1.2

z 5 £ 12 - 12

209 3§ 091 % 0.9 £ 0.9

o = = I}

35 0.6 < 0.6 Z 06 3 0.6

i 3 5 X

Lo3 H & 0.31 H 3 03 |_._| 0 03
ool LA 1 ool ALALIL L 0.0 e 0.0

G1 G2 G3 G4 G5 G1 G2 G3 G4 G5 G1 G2 G3 G4 G5

HIF-Tor e S )

GAPDH s s s s s

E

BODIPY BODIPY Oxidized Brightfield
Form

G1

T e
GAPDH s s s s s

G2

Merge

SLC1AT W e st o
GAPDH  "Se—r—

G3

G4

G1 G2 G3 G4 G5

GPX4 s v wwen sy S

GAPDH st st qs. s





image11.jpeg
BODIPY Oxidized
CD31 Form Merge

Z-stack: 0 ym

300 um





image12.jpeg
B G1 G5/Cisplatin
3
A 2 470 9.00
Co-incubated with CD8
DCs (for 24 hours)

C
@ Collection of T

cells from spleen
Treated 48 h @

Measurement CD8" IFN-y* T cells

CD8'IFN-y*

G1 G5 G5/Cisplatin




image13.jpeg
G1 G2 G3 G4
G1 G2 G3 G4

]

G1 G2 G3 G4 G5





image14.jpeg




image15.jpeg
G1 G2 G3 G4 G5

(%) usalds Uy +8a0+£ad

[ea]

0
o

G4

G3

G2

G1

392

343

30.0

2.4

189

%€

L}

°d

CD3

800 L

G5

G4

G3

G2

G1

110 135 24.2 33.1

11.2

L} F4/80

08a0

G5

G4

G3

G2

G1

127

G5

10.6

185

G4

285

29.6

34.7

F4/80

902ad L

G3

G2

G1

27.7

32.2

AT AT Ar

CD11b

L

25




image16.jpeg
HesH oAl uasdg Bunq Asupry
e
\ &
Lo o
>
2 g
, m Lo
g82¢¢
L\ 8 EEL L
L4 bt
CO
(6) bropy ssnopy

il

G1

o

]
3

< @
(7n) vy30

104
0

G1

=) o o =) =)
g § 8 %
(un) Lsv

G2 G3 G4 G5

G1

(vn) L1V

G2 G3 G4 G5




image1.jpeg
A 200 = MPC (0:1)
5o Ep— " MPCC (1:1) mMPCC(2:1)

= 0 MPCC (3:1) MMPCC (4:1)

s

o 1001

N

»n

501
0- r T

-e- MPDA@C968 (1:0) - MPDA@Ca0, (0:1) W MPC (0:1)
-= MPDA@C968@Ca0, (1:1) mPDA@C968-2@Ca0, (2:1) ' MPCC (1:1) MPCC (2:1)
—— MPDA@C968-3@Ca0, (3:1) ~ mPDA@CI68-4@Ca0, (4:1)  MPCC (3:1) WMPCC(4:1)
B C 8

g N o

> 8

£ =

g g

> 2

ﬁ 9

O

o r : T r
0o 2 4 6 8 10

Con. (pg/mL)





image2.jpeg
— C968
— mPDA
— mPDA@C968

200

250

300 350 400

Absorbance (nm)

C 300
2504
2004

150+

Size (nm)

100+

504

Oty

1

3

5 7 9 11 13
Time (day)

B 200

Size (nm)

C968 Cumulative release (%)

150+

1004

50

1

100

3

5

7 9

Time (day)

11 13

80+

60+

404

204

8

Time (h)

16

24




image3.jpeg
FITC = Mito-Tracker
pearson’ coefficient = 0.1

@
@
o

Brightfield >
Intensity

ENE-)

o o

FITC
)
)

O v 1 1t %
0 200 400 600 800 1000

Distance (pixel)

Z-Stack: 400 pm 800 pm





image4.jpeg
Cell Viability (%)

100-

mPDA
mPDA@C968
MPC

-+ MPCC

2 4 6

0=

Con. (ug/mL)

10




