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Hydrodynamic Size, Zeta, Potential and Stability of the Nanoprobes. The Fe3Os-
Met-Cy5.5 and FesOs-Cys-Cy5.5 were diluted to 50 pg mL* (based on Fe content) with
HEPES buffer (pH=7.4, 10 mM). The hydrodynamic size and zeta potential were measured
by the Malvern Zetasizer Nano ZS90. The FesOs-Met-Cy5.5 and FesOs-Cys-Cy5.5 were
diluted to 50 pg mL-"(based on Fe content) with PBS or ultra-pure water. The colloidal
stability was assessed by measuring the hydrodynamic size of FesOs-Met-Cy5.5 and FesOs-
Cys-Cy5.5 in PBS or ultra-pure water at different time points.

Iron Concentration Test. 20 pL nanoparticles solution was first digested with 200 uL
concentrated hydrochloric acid. Then, 1 mL 10% hydroxylamine hydrochloride, 5 mL
acetic acid buffer (pH=4.7, 1IM), 2 mL 0.5% 1,10-phenanthroline solution were sequentially
added. The mixture was volume up to 50 mL with ultra-pure water. The iron
concentration was determined by the absorbance at 510 nm based on standard curve of
iron obtained by the same method.

Determination of the Number of Cy5.5 Moieties per FesO4 Particle. The absorbance
of FesOs-Met, FesOs-Cys, FesOs-Met-Cy5.5, and Fe3sOs-Cys-Cy5.5 solution with an iron
concentration of 50 pug mL! were determined by a UV-Vis spectrophotometer. The
number of Cy5.5 on each FesO: nanoparticle can be calculated by the absorbance
difference at 690 nm between Fe3Os-Met and FesOs-Met-Cy5.5 (or FesOs-Cys and FesOs-
Cys-Cy5.5) solution based on the standard curve of Cy5.5 solution.

Relaxation Properties Measurement. FesOs+-Met-Cy5.5 or FesOs+-Cys-Cy5.5 were
diluted to 0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mM with ultra-pure water and sealed in tubules. The
Th- and T>-weighted images were acquired by a 3 T animal MRI scanner. The parameters
were as follows. Ti-Weighted image: repetition time (TR) = 300 ms, echo time (TE) =11 ms,
field of view (FOV) = 40 mmx40 mm, Thickness =2 mm; T>-Weighted image: TR =5000 ms,
TE= 68 ms, FOV =40 mmx40 mm, Thickness =2 mm. The parameters for T1 measurements
were set as follows: TE = 11 ms and TR =200, 500, 1000, 1500, 2000, and 5000 ms. For T-
measurements, the parameters were set as TR = 1200 ms and TE = 20, 40, 60, 80 and 100
ms.




Western Blot Assay. The protein was collected from MCE-7 cells incubated at 1%,
3%, and 21% Oz for 12 h. The expression of HIF-1a was measured by western blot assay
as previously reported.!

Fluorescence Imaging of Monolayer Cells and Multicellular Spheres. The MCF-7
cell suspension was seeded to the confocal dishes (7x 104 cells per dish) for overnight
incubation under 21% O:. Then dishes were separately placed under 1%, 3%, and 21% O:
for 12 h. Subsequently, the cells were treated with FesOs-Met-Cy5.5 or FesOs-Cys-Cy5.5
(containing 15 pg Fe) for 4 h and stained with Hoechst 33342 for 15 min. In the end,
fluorescence imaging of monolayer cells was examined by the confocal microscope
(FV1200, Olympus).

200 pL MCE-7 cells with a density of 1000 cells mL' were added into the low
adsorption 96-well plate for 12 days. The multicellular spheres, nearly 300 um in diameter,
were treated with FesOs-Met-Cy5.5 or FesOs-Cys-Cy5.5 (containing 50 ug Fe) for 6 h. After
washing with PBS three times, the images of multicellular spheres were acquired by the
confocal microscope.

Prussian Blue Staining In vitro. The MCF-7 cell suspension was seeded to the 24-
well plate (3x 104 cells per well) for overnight incubation under 21% O:. Then dishes were
separately placed under 21% and 1% O: for 12 h. Subsequently, the cells were treated with
FesOs-Met-Cy5.5 or FesOs-Cys-Cyb5.5 (containing 50 pg Fe) for 12 h under 21% and 1% O,
respectively. Then the cells were fixed with 4% paraformaldehyde for 30 min at room
temperature and treated with the mixture solution of 4% potassium ferrocyanide and 12%
HCI (volume ratio was 1:1) for 1 h at room temperature.

In Vitro Cytotoxicity Assay. The suspension of MCF-7 cells were seeded to 96-well
plates (6000 cells per well) and cultured under 21% O:. After removing the medium in the
bottle, the prepared FesOs-Met-Cy5.5 or FesOs-Cys-Cy5.5 at different Fe concentration (0,
10, 20, 50, 100, 150, 200 pg mL1) with DMEM was added to plates respectively. Two plates
of cells were incubated in 1% O: and the other two were in 21% Ozfor 24 h. Then 100 uL
CCKS8 solution was added to each well and incubated for 1 h. The cytotoxicity was
required by the absorbance of the CCKS8 solution at 450 nm.

The Assessment of MRI In Vivo. At first, nude mice bearing MCF-7 tumors were
scanned by a 3 T animal MRI scanner before injection. Then the Ti-weighted MRI was
performed at specific time points after the intravenous injection with nanoprobes (5.6 mg
Fe kg bodyweight). The parameters were as follows: TR =720 ms, TE =11 ms, FOV =40
mm x 40 mm, Thickness =1 mm.

Histopathology and Immunofluorescence Staining. The main organs (heart, liver,
spleen, lung, and kidney) and tumor tissues of mice were extracted and cut into slices after
MRI. Then the organ tissues were stained by H&E for histopathological observation. The
slices of tumor tissue were subjected to H&E staining, HIF-1a staining, and Prussian blue
staining respectively.
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Scheme S1. Synthetic route of hypoxia-sensitive ligand (Met).
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Scheme S2. Synthetic route of FesOs-Met-Cy5.5 and Fe3Os-Cys-Cy5.5.
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Figure S1. 'H NMR spectrum of hypoxia-sensitive ligand (Met).
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Figure S2. Mass spectrum of hypoxia-sensitive ligand (Met).
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Figure S3. TEM images and the size distributions of FesOs (a), FesOs-Met-Cy5.5 (b), and FesOu-Cys-
Cy5.5 (c) nanoparticles.
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Figure S4. The evaluation of colloid stability for FesOs+-Met-Cy5.5 and FesOs-Cys-Cy5.5 stored in

water for 120 h (a). Ti-weighted (b) and T2-weighted (c¢) MR images of the FesOs-Met-Cy5.5 and
Fe30s-Cys-Cy5.5 at different Fe concentrations (0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mM).
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Figure S5. Semi-quantitative analysis of MCEF-7 cells fluorescence imaging under three oxygen
concentrations.
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Figure S6. Prussian blue staining of MCF-7 cells incubated with FesOs-Met-Cy5.5 or FesOs-Cys-
Cy5.5 probe at different oxygen concentrations for 12 h (scale bar represents 10 pm).
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Figure S7. Ti-weighted MRI of two additional tumor-bearing mice for each group within 24 h be-
fore and after injection with FesOs-Met-Cy5.5 or FesO4-Cys-Cyb5.5.
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Figure S8. (a) The trend of MRI signal at different time points in tumors injected with FesOs-Met-
Cy5.5 or Fes0s-Cys-Cy5.5. (b) Semi-quantitative analysis of HIF-1a expression of the less-hypoxic
and hypoxic regions in tumors treated with FesOs-Met-Cy5.5 or Fe3sOs-Cys-Cy5.5. *p < 0.05, ***p <
0.001.
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Figure S9. H&E staining of organ tissue (heart, liver, spleen, lung, and kidney) from mice harvested
at 24 h after the injection of FesOs-Met-Cy5.5 or Fes0s-Cys-Cy5.5 (scale bar represents 100 pum).
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