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Supplementary Figure 1. Syntheses of dye-conjugated functional polymers. (a) Synthetic 

routes of PEG5k-b-P(DPA40-r-EPA40-AMA3) and dye-conjugated functional polymers. (b) The 

chemical structures of Cyanine5 NHS ester (Cy5-NHS) and Cyanine7.5 NHS ester (Cy5-NHS).  
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Supplementary Figure 2. Characterization of MRIN. (a) The development of Cy5 signal 
always on micelle. Cy5 fluorescence intensity ratios as a function of the molar ratio of UPS-Cy5 
polymer over dye-free UPS polymer in the hybrid micelles. (b) Cy5 fluorescence intensity ratios 
(FpH 5.4/ FpH 7.4 and Fafter IR/ Fbefore IR) as a function of molar ratio of UPS-Cy7.5 in MRIN. (c) The 
particle size distribution of MRIN at pH 5.4 and pH 7.4 with or without 808 nm laser irradiation. 
(d) Zeta potentials of MRIN at pH 5.4 and pH 7.4 with or without irradiation. Data were presented 
as mean ± s.d. (n = 3). (e) pH-dependent fluorescence spectra of MRIN. Each sample was excited 
at 630 nm, and the corresponding emission spectrum was collected from 645 to 750 nm. (f-g) NIR 
switched fluorescence recovery of MRIN. Fluorescence spectra changes of Cy5 (f) and Cy7.5 (g) 
upon 808 nm irradiation (0.5W cm-2) for different time. (h) The stability of MRIN in PBS 7.4, PBS 
5.4 buffers and plasma, respectively (Cy5 concentration of 0.25μg mL-1).  
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Supplementary Figure 3. In vivo irradiation conditions selection and safety. (a) In vivo 
fluorescence images of the bilateral 4T1 tumor-bearing mice with different irradiation time at 24 
h post-injection of MRIN (75 μg kg-1 Cy5). (The circles indicate the irradiation sites of right tumors. 
During irradiation, the real-time temperature of the tumor was kept at about 42°C). (b) The 
corresponding percentages of Cy5 fluorescence recovery and Cy7.5 fluorescence residual of 4T1 
tumors upon different irradiation times, quantified by the results of Fig. S3A (n = 5). (c) In vivo 
IR thermal imaging of mouse under irradiation. (d) During 808 nm irradiation, the real-time 
temperature of the tumor was monitored by an infrared thermal camera to keep it at about 42 °C 
by changing the laser power. (e) The photographic images of excised tumors after laser irradiation 
at different temperature. (f) H&E staining, tumor vessels labeled with anti-CD31 antibody and 
TUNEL staining images of tumor slices for different treatment groups. (The white dotted lines 
indicate the tumor sites). Scale bar = 800 μm. 
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Supplementary Figure 4. In vivo fluorescence images of mice after treatment with different 
micelles. (a) In vivo fluorescence images of the bilateral 4T1 tumor-bearing mice with or without 

808 nm irradiation on right tumors at 3, 6, 12, and 24 h post-injection of different micelles 

(equivalent Cy5 concentration of 75 μg kg-1). (b) Ex vivo fluorescence images of the bilateral 4T1 

tumor-bearing mice with or without 808 nm irradiation on right tumors at 12 h post-injection of 

different micelles. (The circles indicate the irradiation sites of right tumors. During irradiation, the 

real-time temperature of the tumor was kept at about 42 °C). (c) The quantified extracellular 

percentages of different micelles in vivo at 3, 6, 12, 24 h post injection by the results of Fig. a, b 

(n = 4). Data were presented as mean ±SD. 



 
 

6 
 

 
Supplementary Figure 5. The fluorescence images of the tumor slides from mice treated with 
different micelles. Left panel: Whole tumor slide scan. The pre-irradiated and post-irradiated Cy5 

signals were presented in green and red, respectively. The overlap and ratio channel were generated 

from the overlap and ratio of post-irradiated Cy5 fluorescence image and the pre-irradiated Cy5 

fluorescence image, respectively. Scale bar = 800 μm. Right panel: The zoom-in images of squares 

region in left panel. Scale bar = 50 μm. 
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Supplementary Figure 6. The quantitative accuracy of MRIN. (a) UV–Vis spectra of UPS-

Cy5 and UPS-Cy7.5 micelles before and after 808 nm laser irradiation, respectively. (b) The 

fluorescence images of UPS-Cy7.5 micelles and MRIN dispersed in pH 7.4 PBS with or without 

laser irradiation. (c) The mice bearing bilateral 4T1 tumors were intravenously administrated with 

UPS-Cy7.5 micelles or MRIN (equivalent Cy7.5 concentration of 0.375 mg kg-1) at 24 h post-

injection, the right tumors were irradiated with 808 nm laser for 10 min, the pre- and post-irradiated 

fluorescence images were captured by IVIS. (The circles indicate the irradiation sites). (d) The 

mice were injected intravenously with cocktail micelle at 24 h post-injection, the right tumors were 

irradiated by 808 nm laser for 10 min, and the fluorescence images were collected using IVIS 

imaging system before and after irradiation. (The circles indicate the irradiation sites). 
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Supplementary Figure 7. The total nanoparticle accumulations in different tumor models (4T1, 

MCF-7, CT26, Panc02, and BxPC-3) at 24 h post-injection of MRIN.  
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Supplementary Figure 8. In vivo Cy5 fluorescence images of the bilateral CT26, MCF-7, Panc02, 

and BxPC-3 tumor-bearing mice with or without laser irradiation on right tumors at 3, 6, 12 and 

24 h post-injection of MRIN. The squares indicate the irradiation sites of right tumors. During 

irradiation, the real-time temperature of the tumors was kept at about 42 °C. Insets are rescaled 

images. 
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Supplementary Figure 9. Development and characterization of MRITN. (a) Ce6 fluorescence 

intensity ratio and SOG production as a function of molar ratio of UPS-Cy7.5 to UPS-Ce6 

polymers in the hybrid micelles. (b) Ce6 fluorescence and SOG production ratios as a function of 

pH for MRITN. (c) Light-triggered Ce6 fluorescence recovery of MRITN as a function of time at 

different laser power. (d-e) The fluorescence spectra (d) and UV–Vis spectra (e) of MRITN at pH 

5.4 and pH 7.4 with or without 808 nm irradiation (λex/em= 400/670 nm). (f) Linear relationship 

of Ce6 emission intensity versus the concentration of micelles recorded by fluorescence 

spectrophotometer. Data were presented as mean ± SD. (n = 3). (g) Fluorescence images of 

micelles dispersed in pH 5.4 PBS buffer or pH 7.4 PBS buffer with 808 nm irradiation. (h) The 

comparison of Ce6 fluorescence recovery by pH-triggered micelle dissociation and light-induced 

Cy7.5 photobleaching. Data were presented as mean ± SD. (n = 3). (i) The UPS-SOSG/Ce6/Cy7.5 

micelles were dispersed in pH 5.4, and pH 7.4 PBS buffers with/without 808 nm irradiation, then 

the fluorescence images of micelle solutions with/without 660 nm irradiation were captured by 

IVIS system. 
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Supplementary Figure 10. In vivo imaging and pharmacokinetics of MRITN. (a) In vivo 

fluorescence images of the bilateral 4T1 tumor-bearing mice with or without irradiation on right 

tumors at 3, 6, 12 and 24 h post-injection of MRITN (equivalent Ce6 concentration of 0.75mg kg-

1). The circles indicate the irradiation sites of right tumors. (b) The intracellular, extracellular and 

total distributions of nanoparticles in 4T1 tumors at different time post-injection (n = 4). (c) Plasma 

concentrations of Ce6 versus time curve for MRITN. (d) The pharmacokinetics parameters of 

MRITN in vivo. All data were presented as mean ± SD.  
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Supplementary Figure 11. (a) Tumor cell apoptosis evaluated by H&E staining and TUNEL 

analysis, respectively. Scale bar = 50 μm. (b) Body weight of mice after initial PDT treatment. 

Data were presented as mean ± SD. (n = 8). (c) H&E staining images of the major organ sections 

collected from different treatment groups of mice at the end of anti-tumor study. Scale bar = 100 

μm.  
  



 
 

13 
 

 

Supplementary Figure 12. Combined PDT remodeled the tumor microenvironment. 4T1 tumors 

from mice in different groups were excised, sectioned, and stained for tumor associated fibroblasts 

(CAFs), collagen, and fibronectin, respectively. Scale bar = 50 μm.  


