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Figure S1. (a) TEM image and (b) size distribution histogram of the as-synthesized SPIONs; (c) 

TEM image and (d) hydrodynamic size of SPIONs after surface oxidation. 
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Figure S2. (a) Optical micrographs of 510 μm DM-ACMSs; (b) SEM image of DM-ACMSs; 

Optical micrographs of DM-ACMSs with different diameters of (c) 430 μm and (d) 290 μm. 
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S3. Preparation of amino-functionalized Fe3O4 nanoparticles (SPIONs-AED) and 

fluorescence labeling of Fe3O4 nanoparticles (SPIONs-AED-FITC) 

The synthesis of FITC-labeled Fe3O4 nanoparticles (SPIONs-AED-FITC) was based on the 

reaction between the isothiocyanate group of FITC and the primary amino group of amino-

functionalized nanoparticles (SPIONs-AED). The SPIONs-AED were prepared by conjugating 

cystamine onto water-soluble SPIONs through the -COOH group by using cross-linking reagents 

EDC and NHS. In this work, SPIONs (0.15mmol) were dissolved in monohydrate free acid 

solution (MES, pH=6), followed by the addition of EDC (1 mmol), the mixture was then stirred at 

room temperature for 15 min to activate the carboxylic group of nanoparticles. Subsequently, NHS 

(5 mmol) and cyst amine (0.75 mmol) in 25 mL PBS solution were added to the above solution, 

and the mixture was stirred for 2 h at room temperature. Excess EDC, NHS and cystamine were 

removed by centrifugation and the precipitation was washed three times with distilled water. 

Finally, SPIONs-AED were dispersed in water and stored at 4 ℃. 

    The SPIONs-AED-FITC was prepared by the addition of FITC into SPIONs-AED solutions. The 

FITC of 1 mg in 1 mL DMSO was diluted to PBS phosphate buffer solution to 50 μg/mL, which 

was added to 20 mL SPIONs-AED (8.5 mmol/L) aqueous solution followed by raising the pH to 

8.8 with 0.5 mol/L NaOH. After 3 h of reaction in the dark at room temperature, the SPIONs-AED-

FITC was washed with ethanol and separated by centrifuge until no fluorescence was detected in 

the supernatant. The SPIONs-FITC dissolved in PBS was stored at 4 ℃. 
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Figure S3. (a) Schematic illustration of the preparation procedure of SPIONs-AED-FITC; (b) FT-

IR spectra of oleic acid coated SPIONs (SPIONs, black), after phase transfer (SPIONs-COOH, blue) 

and amino-functionalized SPIONs (SPIONs-AED, red); (c) UV-vis absorbance of SPIONs before 

(SPIONs-AED, blue) and after FITC labeled (SPIONs-AED-FITC, red). 
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Figure S4. z-stack images of ACMSs with FITC-labeled SPIONs and DOX loaded. Depth 

increment is 34 μm. 
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Figure S5. TGA profiles for SPIONs and M-ACMSs-0.5. 
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Table S1.The Fe loading ratio and SAR value for M-ACMSs with various concentrations (mg 

Fe/mL) of SPIONs loaded under an AMF (40 kA/m; 265 kHz). 

 

 
ηSPION (mg/g) SAR value (W/g) 

M-ACMSs-0.18 0.167 720.00±60.20 

M-ACMSs-0.29 0.269 660.34±125.37 

M-ACMSs-0.38 0.353 475.65±53.39 

M-ACMSs-0.45 0.413 491.07±47.05 

M-ACMSs-0.50 0.462 569.34±32.69 
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Figure S6. The time-dependent temperature rise (a) and SAR (b) for SPIONs loaded in ACMSs 

with Fe concentration of 0.50 mg/mL at different fields (H=404, 494, 584 and 673 Oe; f=265 kHz). 

The time-dependent temperature rise (c) and SAR (d) for various concentrations of SPIONs in 

water on exposure to 40 kA/m alternating current field at 265 kHz frequency; 
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Table S2 Summary of the properties of superparamagnetic Fe3O4 nanomaterials with their 

corresponding SAR, ILP values and AMF parameters. 

 

 Core size 

 

Ms 

(emu/g) 

H 

(kA/m) 

f 

(kHz) 

SAR 

(W/g) 
ILP (nHm

2
/kg) Reference 

DM-ACMSs-0.29 510 µm 

 
3 40 265 660 1.56 This study 

SPIONs 14 nm 34 40 265 498 1.17 This study 

FVIOs 70 nm 

 
72 35 400 2213 4.52 1 

Resovist ~10 nm 48 35 400 104 0.21 1 

Fe3O4 ~10 nm 64.54 15 300 168 2.49 2 

Fe3O4 14 nm 75 24.5 400 447 1.86 3 

Fe3O4 15 nm ~60 37.3 500 450 0.65 4 

Fe3O4 9 nm 51 27 400 367 1.26 5 

Fe3O4 9 nm 49 27 400 332 1.14 5 

Fe3O4 9 nm 46 27 400 267 0.92 5 

Fe3O4 19 nm 59 27 400 930 3.19 5 

Fe3O4 19 nm 57 27 400 686 2.35 5 

Fe3O4 19 nm 54 27 400 535 1.83 5 
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Figure S7. (a) VSM characterizations and (b) SAR value for M-ACMSs-0.29 and DM-ACMSs-

0.29 under AMF (40 kA/m; 265 kHz). 
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Figure S8. Cumulative release profile of DOX from ACMSs at 37℃. 
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Figure S9. (a) T-t plot and (b) cumulative release profile of DOX for DM-ACMSs-0.18 and DM-

ACMSs-0.29 under AMF (40 kA/m; 265 kHz). 
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Table S3. The DOX loading ratio (ηDOX) in DM-ACMSs with different concentration. 

 

 

 
 

DOX content in raw materials ηDOX (mg/g) 

DM-ACMSs-0.18 0.50 mg/mL 0.142 

DM-ACMSs-0.29 0.50 mg/mL 0.149 
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Figure S10. Cell viability of MCF-7 cells incubated with (a) ACMSs and (b) SPIONs at different 

concentrations for 24 h and recovered in fresh medium for 24 h.  
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Figure S11. (a) Tumor temperatures change with different treatments; (b) The body weight of mice 

after treatment. The error bars represent the standard deviations (six mice per group). 
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Figure S12. (a) Time-dependent changes of tumor volume for mice with different treatments. (b) In 

vivo evaluation of MCF-7 cells with chemo-thermal combination therapy. 
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Figure S13. Histological evaluations of heart, lung, kidney, liver and spleen of mice with H&E 

staining. 
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