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[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK218][bookmark: OLE_LINK219]Figure S1. High-resolution Mn 2p XPS spectra of HFM and HMn. 
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Figure S2. High-resolution O 1s XPS spectra of HFM and HMn.
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Figure S3. Hydrodynamic diameters of HFM at different time points after incubation in distilled water, DMEM, and DMEM containing 10% FBS (Data are presented as means ± SD, n = 3). 
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Figure S4. TEM image of SFM. 
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Figure S5. Normalized absorption changes at 410 nm of DPBF in the presence of HMn, SFM, and HFM. 
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Figure S6. ESR spectra of the mixture of (A) TEMP and (B) BMPO under different conditions after US stimulation (1 MHz, 1.5 W/cm2, 50% duty cycle, 3 min). 
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Figure S7. UV-vis diffuse reflectance spectra of (A) HMn, (B) SFM, and (C) HFM. Calculated band gap patterns based on UV-vis diffuse reflectance spectra of (D) HMn, (E) SFM, and (F) HFM.
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Figure S8. XPS valence band spectra of (A) HMn, (B) SFM, and (C) HFM.
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Figure S9. Normalized absorption changes at 412 nm of DTNB and GSH in the presence of HMn, SFM, and HFM. 
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Figure S10. Cell viabilities of 4T1 tumor cells after treated with HMn (Data are presented as means ± SD, n = 4). 
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Figure S11. Cell viabilities of 4T1 tumor cells after treated with SFM + US (Data are presented as means ± SD, n = 4).
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Figure S12. Quantitative analysis of the ratio of live, apoptotic, and necrotic 4T1 tumor cells after different treatments (Data are presented as means ± SD, n = 3).
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Figure S13. SLC7A11 mRNA levels in 4T1 tumor cells after different treatments measured by real-time PCR (Data are presented as means ± SD, n = 3).
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[bookmark: OLE_LINK183][bookmark: OLE_LINK184]Figure S14. Quantitative densitometric analysis of (A) GPX4 and (B) ACSL4 protein expression levels corresponding to the Western blot in Figure 3J (Data are presented as means ± SD, n = 3). 
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Figure S15. Cellular GPX4 enzymatic activity in 4T1 tumor cells after different treatments (Data are presented as means ± SD, n = 3). 
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Figure S16. Fluorescence signal of HFM in 4T1 tumor-bearing mice at different time points after intravenously injection. 
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[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Figure S17. Serum (A) ALT, (B) AST, (C) BUN, and (D) Cre levels of 4T1 tumor-bearing mice after different treatments (Data are presented as means ± SD, n = 5).
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Figure S18. H&E staining of major organs (heart, liver, spleen, lung, and kidney) from 4T1 tumor-bearing mice after different treatments. 
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[bookmark: OLE_LINK110][bookmark: OLE_LINK111]Figure S19. Volcano plot showing 3192 differentially expressed genes in isolated 4T1 tumors from PBS+US and HFM+US groups (|log2 (fold change) | ≥ 0.3, p < 0.05).
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Figure S20. Gene expression heatmap of differentially expressed genes in isolated 4T1 tumors from different groups.



[bookmark: OLE_LINK23]Table S1. The gene-specific primers sequences for qPCR. 
	Primer name
	Forward sequences
	Reverse sequences

	GAPDH
	GGTGAAGGTCGGTGTGAACG
	CTCGCTCCTGGAAGATGGTG

	GPX4
	ACAAGAACGGCTGCGTGGTGAA
	GCCACACACTTGTGGAGCTAGA

	ACSL4
	GCTATCTCCTCAGACACACCGA
	AGGTGCTCCAACTCTGCCAGTA

	SLC7A11
	TCCTGCTTTGGCTCCATGAACG
	AGAGGAGTGTGCTTGCGGACAT






image7.png
>
@
(@]

15 15 1.6
3 3 3
S 1.0 S 1.0 AR
@ Py A
g g g
é s s 1.2+
5 0.5+ 5 0.54 £
£ £ 2 1.0

0.0 ‘ \ T 0.0 w T T 0.8 ‘ T T

500 600 700 800 900 500 600 700 800 900 500 600 700 800 900
Wavelength (nm) Wavelength (nm) Wavelength (nm)
D 15 E 15 F 20
154

104 104
oL N |
& g g

54 54

54
1.66 eV 1626V 7 163ev
0 0 0

T T T T T T T T T T T T T T T
14 16 18 20 22 24 14 16 18 20 22 24 14 16 18 20 22 24
hv (eV) hv (eV) hv (eV)




image8.png
>

Intensity (a.u.)

B C
3 3
8 8
z z
5 g
- £
1.42eV 1.20 eV 1.06 eV
h A h
T T T T T T T T T T T T
15 10 5 0 15 10 5 0 15 10 5 0
Binding Energy (E) Binding Energy (E) Binding Energy (E)





image9.png
Normalized absorbance

at412 nm

L t— T

o
[$)]
1

bitd

©
o

Blank
HMn
SFM
HFM

o

2 4 6
Time (min)

10




image10.png
150

R

o

o
]

(8)
o
l

Cell viability (%)

0

I | [
25 5 10
Concentration (ug/mL)

20





image11.png
150

R

o

o
]

(8)
o
l

Cell viability (%)

0

I | [ [ I
0 25 5 10 20
+US

Concentration (ug/mL)





image12.png
Cell ratio (%)

100

(&)
o
l

p=0.9998

p=0.9833

1 Live cells
1 Apoptotic cells

Necrotic cells





image13.png
0.0492

p
0.9473

|

p
0. 8967

o o

I I I
o o o
o 0 o 0
-—

N ~
(%) LLV2D1S Jo uoissaidxg




image14.png
0.0147

p
p>0.9438

p>0. 9999
_
|
<§b

X

)

o
o
AN
m (%) ¥1SOV jo uoissaidx3

I
o
o
-—

&
1 e,
@
/.
__ -9 i
| 2
Tl 9 4,
PMZ_ S sm\
mm. Ox%
T &
|\«\O
o o o o o
o 0 o 0
(q\] ~ ~

<C (%) ¥XdO Jo uoissaidx3




image15.png
1 T,
e
m i &J\VxA\
Ll & _|_| %,
L % 23
S So
R T N
— £
%
o i i o
o o o
© <t (q\]

(1182 g0 L/N) AAnoe HXdD




image16.png
M‘ @ | . -‘.1 d
hﬂ‘M.Ji‘.I,I
h]%..l]‘.‘
sE'lrEL’E
z





image17.png
A B
100 300
80
— — 200
5 60 S
g =
= 404 2]
< < 100
20+
0 T T T T 0 T T T T T
& \,e» X\)e @0% @\{O & \)% X\)@ @09 \g\)a
& & $ I A
C D
5 25
4 204
g fory
2 3 E 154
E 2
Z 2 104
3 8
14 51
0

o

RN \{a 0“9

X &

0\(\
& & &





image18.png
sn+sad SN+AH SN+N4S SN+A4H





image19.png
—
c
(]
2
=
8 g
c c 2
(] [}
8 2 =
= o o o
c o z =)
2
2 [ ] [ ] [ ]
N~
n
n
1
°
o0 _o o
I o® ¢ o0 ®
) ° ... “
) © e °
° o ®
°
°
°
°
n
™
©o
« |
o o o
o o
AN -~

(Iped) 607-

-10

Log, fold change




image20.png
Gene Expression Heatmap

P I2

HFM+US-1  HFM+US-2 HFM+US-3 PBS+US-1 PBS+US-2 PBS+US-3




image1.png
Intensity (a.u.)

HMn

2psp

3+
M Mn
ano-
HFM )

2p3

660

655

650 645 640

Binding energy (eV)




image2.png
Intensity (a.u.)

O1s
M-OH M-O
M-O
M-OH
H-O-H
HMn
T T T T

T
538 536 534 532 530 528 526
Binding energy (eV)




image3.png
—~— H,0

—=— DMEM
—— DMEM+10 % FBS

12

24 36 48
Time (h)




image4.png




image5.png
Normalized absorbance

1.5+

at410 nm
5
$

o
3}
|

DPBF —+ HMn
SFM —=— HFM
— - -

T T T
2 3 4

Time (min)





image6.png
>

Intensity (a.u.)

B
10, -0,

HFM+US - HFM+US
L] >
8

HFM > HFM
I s e ] g [N M M A
Control = Control
e A AN A ANAAAAANA oA I At At
T T T T

Magnetic field (G)

T T
3460 3480 3500 3520 3540 3560

T T
3460 3480 3500 3520 3540 3560
Magnetic field (G)




