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Figure S1. A transmission electron micrograph of the CuS nanoparticles.
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Figure S2. Zeta potentials of the CuS and Gox@CuS nanoparticles (NPs). Error bars indicate
standard deviation (n = 3).
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Figure S3. The hydrodynamic sizes of the CuS and Gox@CuS nanoparticles (NPs) measured by
dynamic light scattering. Error bars indicate standard deviation (n = 3).
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Figure S4. Fourier transform-infrared spectra of the CuS and Gox@CuS nanoparticles. The peak
at 1450 cm! was assigned to C-O stretching and OH bending of Gox in the nanoparticles.
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Figure S5. Quantification of copper and CuS. A) Standard addition curve for Cu?* detection, and
B) calibration curve for CuS detection following cellular uptake using the chloride-accelerated
copper Fenton reaction with H,0, and 3,3’,5,5’-tetramethylbenzidine. Error bars represent
standard deviation (n =3).
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Figure S6. Standard bovine serum albumin (BSA) protein calibration curve used to quantify Gox
during the Bradford assay. Error bars represent standard deviation (n =3).
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Figure S7. Infrared thermal imaging of Gox, CuS nanoparticles (NPs) and Gox@CuS NPs ([NP] =
10 pg/mL) with near infrared irradiation (980 nm, 5 W/cm?) for 300 s.
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Figure S8. The Fenton catalytic activity of Gox@CuS nanoparticles (NPs). 2,2’-Azino-bis(3-

ethylbenzthiazoline-6-sulfonic acid) (ABTS, 250 uM) oxidation catalyzed by Gox@CuS NPs (10
pug/mL) and H,0, (200 mM) in the presence and absence of NaCl (100 mM).
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Figure S9. 2,2’-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS, 250 uM) oxidation
catalyzed by CuS nanoparticles (10 pg/mL), NaCl (100 mM), and H,0, (100 mM) at different pHs
with or without near infrared (NIR) irradiation (1.5 W/cm?2). Error bars represent standard
deviation (n =3).
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Figure S10. 2,2’-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) oxidation catalyzed by
Cu?* leached from Gox@CuS nanoparticles (NPs) and the parent NPs with and without near
infrared (NIR) irradiation. Error bars represent standard deviation (n =3).
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Figure S11. In vitro catalytic H,0, production by Gox and Gox@CuS nanoparticles (NPs) with
different initial glucose concentrations after 5 min. Error bars represent standard deviation (n =3).
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Figure S12. In vitro H,0, generation by Gox and Gox@CuS nanoparticles (NPs) over time. CuS NPs
decompose the H,0, generated by glucose oxidation, producing reactive oxygen species. Error
bars represent standard deviation (n =3).
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Figure S13. In vitro toxicity of Gox@CuS nanoparticles (NPs) in MDA-MB-231 cells. Error bars
represent standard deviation (n = 3).
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Figure S14. The intracellular reactive oxygen species (ROS) level shown by confocal laser scanning
microscopy images of B16F10 cells incubated for 4 h with Gox@CuS nanoparticles (NPs) with or
without a brief near infrared (NIR) irradiation (5 s). [CuS NPs] = 2 nM. Scale bars: 50 um.
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Figure S15. Cell viability of PC-3 prostate cancer cells after treatment with 30 pg/mL CuS
nanoparticles (NPs) and 5 min of near infrared (NIR) irradiation (808 nm). Error bars represent
standard deviation (n =3).

10



Before After NIR exposure

Control

CuS NPs

26.1C £:0.80

Gox@CuS NPs

Figure S16. In vivo infrared thermal imaging of mice from control, CuS nanoparticle (NP), and
Gox@CuS NP groups with near infrared (NIR) irradiation after drug administration ([NPs] = 200
nM, 980 nm, 5 W/cm? for 300 s).
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Figure S17. Therapeutic effect of Gox@CuS nanoparticles (NPs) after 10 d of treatment with
almost complete eradication of the tumors.

Figure S18. Images of mice after 10 d of treatment using Gox@CuS nanoparticles (NPs) with near
infrared (NIR) irradiation, showing all mice were cured with a dark black scar.
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Table S1. Energy dispersive X-ray analysis of the atomic fraction of the CuS nanoparticles (NPs)
and Gox@CuS NPs. (N/D: not detectable).

Metal CuS NPs (atom%) Gox@CuS NPs (atom%)
Cu 70 33.2
S 30 4.5
C N/D 55.4
N N/D 3.6
N/D 3.3

Table S2: Literature comparison of recent multimodal anticancer nanomedicines in terms of their
methodologies and toxicities.

Reference # Nanoformulation Applications In Vivo Treatment/Safety 1C50(s)
Assessments (ng/mL)
Tang et al., 2020  Tirapazamine and -CDT -Mice euthanized after 15d 7.9-22.1
(Theranostics)? Gox encapsulated -Starvation -Body weight & tumor volume ug/mL
gold nanovesicles Therapy -Histology
Deng et al.,, 2020  Zr-ferrocene (Fc) -CDT -Mice euthanized after 14 d N/A
(ACS Appl. MOF nanosheet -PTT -Body weight & tumor volume
Mater. -Histology
Interfaces)?
Ma et al., 2021 Bi-Fe core-shell NP -CDT -Mice euthanized after 14 d N/A
(ACS Appl. -PDT -Body weight & tumor volume
Mater. -PTT -Histology
Interfaces)?
Yang et al.,, 2020 Semiconducting -PTT -Mice euthanized after 14 & 28  N/A
(ACS Nano)* polymer NP -Fluorescence d
Imaging -Body weight & tumor volume
-Histology
Sun et al., 2020 Doxorubicin (Dox)- -CDT -Mice euthanized after 14 d N/A
(ACS Nano)® loaded mesoporous  -Chemotherapy -Body weight & tumor volume
carbon nanosphere -Hypoxia relief -Histology
(MnO, shell)
Fangetal, 2020 Gox-loaded Co—fc -CDT -Mice euthanized after 14 d *7-15
(Adv. Funct. MOFs -Starvation -Body weight & tumor volume ug/mL
Mater.)® Therapy -Histology
Lyu et al., 2020 Fe;0,@MnO, core- -CDT -Mice euthanized after 18 d *100
(Adv. Healthc. shell nanozyme -Hypoxia relief -Body weight & tumor volume pg/mL
Mater.)’ -MRI imaging -Histology
-Radiation Therapy
Zhang et al., Sinoporphyrin -CDT -Mice euthanized after 15d *~0.5
2021 sodium loaded-ZnO, -PDT -Body weight & tumor volume ug/mL

NPs

-Histology




(ACS Appl.

-Fluorescence

Mater. Imaging
Interfaces)®
Ranji-Burachaloo  Gox & hemoglobin -CDT N/A 1.54-17.01
etal., 2019 encapsulated zeolitic  -Starvation pg/mL
(Nanoscale)® imidazolate Therapy
framework-8 (ZIF-8)
MOFs
Fan et al., 2020 Methotrexate, -CDT -Mice euthanized after 21 d 9.8-19.2
(ACS Appl. gadolinium, and -MRI Imaging -Body weight & tumor volume ug/mL
Mater. artesunate NPs -Chemotherapy -Histology
Interfaces)'° -Hemolysis assay
-Serum analysis
Pu et al., 2020 Iron-chelating -CDT -Mice euthanized after 14 d N/A
(Angew. Chem. semiconductor -PTT -Body weight & tumor volume
Int. Ed.)1 polymer NP -Histology
-Hemolysis assay
Zhao et al., 2020 Mn-doped Gd,0; -CDT -Mice euthanized after 14 d *~25-50
(Biomaterials)'? NPs -PTT -Body weight & tumor volume ug/mL
-MRI Imaging -Histology
Zhang et al., Dox loaded -CDT -Mice euthanized after 14 d *~50-80
2020 (Chem. CuS@mSio,@Mn0O,  -PTT -Body weight & tumor volume ug/mL
Eng. J.)*3 nanocomposites -MRI Imaging -Histology
-Hypoxia Relief
Xiao et al., 2020 L-Buthionine- -CDT -Mice euthanized after 21 d *~5-10
(Chem. Eng. J.)**  sulfoximine modified -PDT -Body weight & tumor volume ug/mL Fe
FeS, NPs -PTT -Histology
-Photoacoustic -Serum analysis
Imaging
-Immunotherapy
Zhang et al., Chlorin e6 -CDT -Mice euthanized after 14 d 44.134—
2021 (J. Colloid (Ce6)/Gox@ZIF- -PDT -Body weight & tumor volume 124.072
Interface Sci.)'® 8/polydopamine@ -Hypoxia Relief -Histology ug/mL
MnO, -Starvation -Serum analysis
nanocomposites Therapy
Han et al., 2021 Ag,S NPs -PTT -Mice euthanized after 12 d N/A
(Biomaterials)® -Photoacoustic -Body weight & tumor volume
Imaging -Histology
-Immunotherapy -Immune profiling
-Serum analysis
Wang et al., Cu,,Se-Au Janus NPs  -CDT -Mice euthanized after 16 d 477.6—
2020 -PDT -Body weight & tumor volume 2076.8
(Biomaterials)'’ -PTT -Histology ug/mL
-Photoacoustic
Imaging
-CT Imaging
Zhang et al., Honeycomb-like gold  -PTT -Mice euthanized after 13 d *~100
2019 (Adv. Sci.)'®  NPs -Brachytherapy (w/ -Body weight & tumor volume ug/mL
125] seeds) -Histology
-Photoacoustic
Imaging
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Li et al., 2019 Ce6 & Dox loaded -PTT -Mice euthanized after 14 d *~15-30
(ACS Appl. hollow-CuS-1- -PDT -Body weight & tumor volume ug/mL
Mater. tetradecanol NPs -Chemotherapy -Histology
Interfaces)'® -Fluorescence
Imaging
Wang et al., Hollow-CusSg NPs -CDT -Mice euthanized after 18 d N/A
2020 (Chem. -PTT -Body weight & tumor volume
Eng. J.)® -Photoacoustic -Histology
Imaging -Serum analysis
Huo et al., 2017 Gox-Fe;0, NPs -CDT -Mice euthanized after 15d *~3—6
(Nat. Commun)?* -PTT -Body weight & tumor volume ug/mL
-Starvation -Histology
Therapy
Gu et al., 2019 CuS NPs with -PDT -Mice euthanized after 22 d N/A
(Nano. Lett.)? Gefitinib -PTT -Body weight & tumor volume
-Chemotherapy -Histology
-Serum analysis
Zhang et al., Gox-Ag Nanocubes -CDT -Survival analysis until tumor N/A
2018 (Mater. -Starvation volume reached 2 cm?
Horiz.)? Therapy -Histology
-Serum analysis
Zhang et al., PEGylated liposomes  -CDT -Mice euthanized after 16 d *~0.3
2021 encapsulating -Starvation -Body weight & tumor volume ug/mL Gox
(Biomaterials)?* Fe(OH);-doped CaO, Therapy -Histology
NPs & Gox -Hypoxia Relief
This work Gox-CuS NPs -CDT -Mice euthanized after 14 d ~0.1
-PDT -Body weight & tumor volume ug/mL CuS
-PTT -Histology
-Starvation -Serum analysis
Therapy

N/A: Not Available/ Not Reported; CDT: chemodynamic therapy; PDT: photodynamic therapy; PTT: photothermal
therapy.
*: Calculated IC values (not reported in the papers).
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