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Supplementary Figure 17. Eigen temperature monitoring in tumor-bearing mice. Upconversion 

luminescence spectra of csUCNP@C (500-580 nm) in tumor-bearing mice detected by fiber-optic 

spectrometer under different 730 nm laser power density (0, 0.3 and 0.8 W cm-2) for 3 min. Eigen 

temperature of csUCNP@C under different 730 nm laser power density irradiation were calculated by 

the upconversion luminescence spectra according to the calibration curve in tissue phantom. Under 730 

nm laser irradiation at 0.3 W cm-2, the eigen temperature was sufficient to kill cancer cells, which was 

higher than the eigen temperature in cell experiment (Fig. 3 and Supplementary Fig. 15). Under 730 nm 

laser irradiation at 0.8 W cm-2, the apparent temperature reached to a high level and caused a massive 

heat conduction (Supplementary Fig. 16). 

 

  



Supplementary Figure 18. Demonstration of temperature feedback photothermal treatment. (a) 

Model of temperature feedback photothermal treatment system. In this model, controller will make 

decision on the treatment strategy. Strategy box stores a series of photothermal therapy strategies for 

selection. csUCNP@C receives the strategy output and is served as both photothermal agent and eigen 

temperature reporter for feedback signal input. (b) Evaluation of the two treatment strategies (1# and 

2#) in this work according to the principle model in (a). These two treatment strategies (1# and 2#) 

constitute a strategy box, upconversion luminescence signal of csUCNP@C reports the eigen 

temperature to help the controller (In this work, controller is the experimenter) to adopt what kind of 

treatment strategy. The treatment strategy 1# with 730 nm laser irradiation at 0.3 W cm-2 has a high 

eigen temperature and a limited heat conduction, so that it can be determined as facile therapy strategy. 
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Supplementary Figure 21. Photothermal therapy in vivo. Representative photos of tumor-bearing 

nude mice before and after treatment. The tumors in the mice injected with csUCNP@C with 730 nm 

irradiation (0.3 W cm-2) shrank, while the other groups (blank, 730 nm laser alone, and csUCNP@C 

alone) showed a weak effect on tumor growth. 
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Supplementary Table 1. Tumor size changes in nude mice with photothermal treatment. 

 Blank Blank+730 nm laser csUCNP@C 
csUCNP@C 

+730 nm laser 

Day 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

1 6.12 6.06 6.12 6.12 6.12 6.06 6.12 6.06 

 6.06 6.06 6.12 6.06 6.06 6.06 5.94 5.88 

 6.18 6.12 6.12 6.06 6.18 6 6.06 6.06 

 6.18 6.12 6.06 5.94 6.06 5.94 6 5.94 

 6.06 5.94 6 6.06 6.06 5.88 6.12 6.06 

         

2 6.78 6.72 6.3 6.18 6.24 6.18 5.82 5.76 

 6.72 6.66 6.24 6.18 6.18 6.18 5.64 5.58 

 6.66 6.66 6.24 6.18 6.18 6.12 5.58 5.52 

 6.36 6.3 6.18 6.06 6.12 6.06 5.64 5.64 

 6.3 6.24 6.12 6.12 6.12 6.06 5.58 5.45 

         

3 7.44 7.32 7.14 7.08 6.54 6.48 5.58 5.4 

 7.38 7.32 7.02 6.96 6.42 6.36 5.52 5.22 

 7.14 7.02 6.66 6.48 6.36 6.36 5.04 4.92 

 6.66 6.54 6.3 6.18 6.36 6.3 5.22 5.28 

 6.48 6.36 6.24 6.24 6.3 6.3 5.1 5.04 

         

4 8.16 8.04 7.68 7.68 7.26 7.08 5.28 5.12 

 7.74 7.68 7.56 7.5 7.08 7.02 5.16 4.92 

 7.62 7.62 6.96 6.84 6.66 6.6 4.8 4.68 

 7.26 7.08 6.9 6.84 6.54 6.54 5.04 4.98 

 6.84 6.78 6.9 6.78 6.48 6.42 4.8 4.86 

         

5 8.52 8.4 8.22 8.1 8.46 8.34 5.1 5.04 

 8.16 8.04 8.04 7.92 7.56 7.62 4.92 4.92 

 7.98 7.92 7.74 7.62 6.96 6.96 4.68 4.38 

 7.98 7.86 7.68 7.62 6.78 6.72 4.92 4.8 

 7.62 7.5 7.38 7.26 6.72 6.54 4.68 4.68 

         

6 8.76 8.7 8.82 8.64 8.76 8.7 3.52 3.31 

 8.52 8.46 8.7 8.58 8.04 8.1 3.84 3.6 

 8.22 8.16 8.52 8.34 7.56 7.5 3.84 3.66 

 8.1 8.1 8.16 8.04 7.44 7.38 1.78 1.48 

 8.04 7.98 7.86 7.74 7.38 7.32 3.36 3.18 

         



7 9.9 9.84 9.36 9.3 9.42 9.36 1.64 1.48 

 9.72 9.6 9.06 8.88 8.52 8.34 1.52 1.06 

 8.58 8.58 8.64 8.52 8.1 7.98 2.16 2.04 

 8.46 8.4 8.82 8.7 8.04 7.92 0.42 0.37 

 8.22 8.16 8.22 8.04 7.92 7.86 1.27 1.18 

         

8 10.92 10.8 10.38 10.32 10.44 10.26 1.36 1.14 

 10.8 10.8 9.9 9.54 9.36 9.18 0.52 0.35 

 9.18 9.18 9.24 9.18 8.7 8.58 1.44 1.26 

 8.64 8.64 9 8.94 8.46 8.34 0.24 0.13 

 8.46 8.28 8.46 8.28 8.34 8.28 0.43 0.32 

         

9 11.46 11.28 11.52 11.22 10.98 10.8 0.52 0.46 

 11.52 11.4 10.44 10.32 10.38 10.26 0.19 0.14 

 10.26 10.08 9.78 9.54 9.06 9 0.48 0.36 

 9.66 9.54 9.42 9.36 9.3 9.12 0.07 0.05 

 9.24 9.06 8.94 8.76 9.24 8.94 0.18 0.11 

         

10 12.12 11.88 12.6 12.24 11.94 11.82 0.24 0.16 

 12.3 12.21 11.4 11.34 11.22 11.16 0.06 0.04 

 10.74 10.68 10.2 9.84 9.96 9.84 0.24 0.13 

 9.9 9.84 10.02 9.84 9.84 9.78 0 0 

 9.54 9.54 9.36 9.3 9.66 9.48 0.08 0.06 

         

11 13.2 13.14 13.26 13.08 12.9 12.54 0.12 0.07 

 12.72 12.66 12.42 12.3 12.54 12.42 0 0 

 10.86 10.86 10.86 10.8 9.96 9.84 0.11 0.05 

 10.68 10.56 10.92 10.74 10.2 10.14 0 0 

 10.56 10.5 10.14 10.08 10.14 9.84 0 0 

         

12 13.56 13.32 13.8 13.62 13.32 12.9 0 0 

 13.02 12.96 13.02 12.96 12.9 12.72 0 0 

 11.4 11.4 11.58 11.28 11.34 11.22 0 0 

 11.22 11.1 11.28 11.34 10.53 10.38 0 0 

 11.04 10.98 10.8 10.68 10.5 10.68 0 0 

 

 

 

 

 

 

 

 



Supplementary Table 2. Tumor size changes in Balb/c mice with photothermal 

treatment. 

 Blank Blank+730 nm laser csUCNP@C 
csUCNP@C 

+730 nm laser 

Day 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

Tumour 

length 

(mm) 

Tumour 

width 

(mm) 

0 6.18 6.12 6.12 6.06 6.12 6.12 6.18 6.12 

 6.12 6.06 6.18 6.12 6 6.06 6.12 6.12 

 6.12 6.06 6.06 6.06 6.12 6.06 6.06 5.94 

 6.12 6.12 6.18 6.12 6.12 6.06 6.06 6.06 

 6.12 6.06 6.12 6.06 6.06 5.94 6.18 6.12 

         

1 6.36 6.36 6.42 6.36 6.48 6.42 5.88 5.82 

 6.18 6.18 6.3 6.18 6.24 6.12 5.76 5.7 

 6.3 6.24 6.42 6.36 6.3 6.12 5.76 5.58 

 6.3 6.18 6.36 6.18 6.3 6.18 5.88 5.88 

 6.42 6.3 6.42 6.3 6.3 6.24 5.82 5.82 

         

2 6.84 6.78 6.48 6.42 6.72 6.6 5.64 5.58 

 6.84 6.72 6.42 6.24 6.54 6.48 5.52 5.46 

 6.72 6.6 6.48 6.36 6.78 6.54 5.52 5.34 

 6.66 6.54 6.48 6.42 6.72 6.6 5.64 5.58 

 6.6 6.54 6.36 6.24 6.54 6.54 5.34 5.46 

         

3 7.74 7.68 6.84 6.72 7.38 7.26 5.34 5.4 

 7.68 7.56 6.72 6.54 7.2 7.14 5.16 5.04 

 7.56 7.5 6.72 6.66 7.14 7.02 5.1 4.98 

 7.02 6.96 6.78 6.66 7.02 6.96 5.1 5.04 

 6.96 6.72 6.48 6.42 6.72 6.72 5.04 4.92 

         

4 8.64 8.58 6.96 6.9 7.62 7.68 4.74 5.1 

 8.28 8.22 7.02 6.78 7.56 7.44 4.62 4.56 

 7.86 7.74 6.72 6.66 7.68 7.5 4.44 4.68 

 7.5 7.26 6.84 6.78 7.44 7.26 4.5 4.38 

 7.32 7.2 6.6 6.48 6.96 6.96 4.56 4.38 

         

5 9.36 8.94 7.44 7.44 8.1 7.98 4.5 4.62 

 8.82 8.7 7.44 7.2 7.74 7.68 4.38 4.44 

 8.22 8.1 6.9 6.84 7.98 7.68 4.2 4.32 

 7.86 7.74 6.96 6.9 7.68 7.56 4.2 4.14 

 7.56 7.56 6.84 6.72 7.44 7.44 4.02 4.08 



         

6 10.08 9.84 8.04 7.98 8.94 8.82 4.26 4.2 

 9.42 9.3 7.86 7.74 8.22 8.04 3.9 3.84 

 8.76 8.64 7.08 7.02 8.7 8.52 3.72 3.66 

 8.28 8.16 7.14 7.02 8.04 7.86 3.84 3.48 

 8.1 7.98 7.02 6.9 7.62 7.56 3.12 3.36 

         

7 10.56 10.5 8.88 8.82 9.48 9.36 3.66 3.6 

 9.96 9.9 8.82 8.7 8.58 8.88 3.12 2.88 

 9.06 9 7.62 7.56 9.18 8.88 3 2.82 

 8.46 8.34 7.44 7.26 8.34 8.4 3.42 2.7 

 8.4 8.34 7.38 7.14 7.92 7.68 2.46 2.4 

         

8 10.98 10.92 9.78 9.66 10.14 9.96 3.6 3.48 

 10.38 10.32 9.42 9.36 9.3 9.18 2.58 2.7 

 9.12 9.06 8.46 8.16 9.42 9.3 2.64 2.58 

 8.76 8.64 8.04 7.92 8.7 8.76 3.06 2.46 

 8.7 8.58 8.22 8.1 8.46 8.34 2.28 2.22 

         

9 11.7 11.4 10.44 10.38 10.62 10.5 3.42 3.18 

 11.04 10.92 10.38 10.32 10.08 9.96 2.52 2.46 

 9.72 9.6 8.88 8.7 9.96 9.78 2.1 2.4 

 9.24 8.94 8.34 8.28 8.94 8.88 2.58 2.16 

 9.42 9.18 8.46 8.28 8.58 8.52 2.04 1.86 

         

10 12.42 12.36 10.98 10.8 11.28 11.16 2.4 2.28 

 11.76 11.64 10.86 10.8 10.74 10.74 2.1 1.38 

 10.56 10.5 9.42 9.36 10.32 10.26 1.32 1.8 

 9.48 9.36 8.76 8.7 9.48 9.36 1.86 1.2 

 9.9 9.78 8.88 8.82 9.42 9.36 1.26 1.44 

         

11 12.9 12.84 11.7 11.58 11.88 11.82 1.2 0.72 

 12.6 12.48 11.28 11.16 11.34 11.22 1.44 0.78 

 11.28 11.16 9.9 10.02 10.74 10.68 0.72 1.26 

 10.32 10.14 9.24 9.42 10.14 10.02 1.5 1.08 

 10.5 10.38 9.18 9.12 10.2 10.14 0.84 0.96 

         

12 13.56 13.38 12.3 12.06 12.72 12.6 0.72 0.42 

 13.14 13.02 11.82 11.76 12.48 12.3 0.84 0.18 

 12.36 12.24 11.28 11.16 11.76 11.58 0.24 0.78 

 10.68 10.38 10.62 10.5 11.16 11.1 0.78 0.78 

 10.86 10.74 10.14 10.08 11.1 11.04 0.6 0.66 

         



13 14.58 14.4 13.14 13.08 13.5 13.38 0.3 0.12 

 13.92 13.8 13.02 12.96 13.08 13.02 0 0 

 12.9 12.84 11.82 11.7 12.78 12.66 0.12 0.3 

 11.64 11.52 11.4 11.34 12.3 12.18 0.3 0.3 

 11.58 11.7 11.22 11.1 11.64 11.34 0.18 0.18 

         

14 14.94 14.82 13.68 13.5 14.52 14.28 0.12 0.12 

 14.28 14.22 13.62 13.56 13.98 13.86 0 0 

 13.92 13.62 12.42 12.36 13.44 13.26 0 0 

 12.84 12.78 13.02 12.96 12.96 12.72 0.12 0.06 

 12.54 12.3 12.54 12.24 12.54 12.42 0 0 

         

15 15.24 15.18 14.76 14.58 15.24 15.3 0 0 

 14.76 14.76 14.7 14.58 14.4 14.34 0 0 

 14.22 14.1 13.44 13.08 13.68 13.56 0 0 

 13.38 13.32 14.1 13.74 13.5 13.44 0 0 

 13.38 13.38 12.9 12.66 13.26 13.2 0 0 

 

Supplementary Methods 

Synthesis of tissue phantom1. 3 ml Tris-buffered saline containing csUCNP@C (0.5 mg ml-1) 

was mixed with a certain amount of sodium azide and gelatin to a final concentration of 15 mM 

and 10 w/v%, respectively. Then the solution was heated to 50°C under constant stirring. When 

the gelatin was totally dissolved, the mixture was kept at 37°C. Hemoglobin and intralipid were 

added to the system to a concentration of 50 μM and 1 v/v%. Finally, the mixed solution was 

poured into a quartz cuvette for subsequent UCL spectra acquisition. As reported in the literature, 

the absorption coefficient (ma) and the scattering coefficient (ms) at 700 nm were approximately 

1.0 mm-1 and 0.5 mm-1, respectively1. This gelatin-based phantom mimicked physiological tissue 

and represented a good physiological model for in vivo tissue. 

Histological analysis. Two days after photothermal treatment, HeLa cell tumor-bearing nude mice 

from the treatment group and control group were sacrificed. Tumor tissues and major organs from 

these mice were harvested, fixed in 5% polyoxymethylene solution, routinely processed in 

paraffin, sectioned at 8 μm, stained with hematoxylin and eosin (H&E), and observed using a 

digital microscope. Examined tissues included liver, spleen, kidney, heart, lung and tumor. 
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