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Synthesis of 2-(4-(4-cyanophenyl)-thiazol-2(5H)-ylidene)-malononitrile

4-(2-Thiocyanatoacetyl)-benzonitrile was prepared according to reference S1.  Trimethylamine, 10 mL, was added to a stirred ethanol solution (100 mL) of 4-(2-thiocyanatoacetyl)-benzonitrile (2g, 10 mmol) and malononitrile (600mg, 10 mmol).  The reaction was then stirred for 8 h at 25 °C. Then, distilled water was added (500 mL) and afterward glacial acetic acid was added dropwise into the solution.  The precipitate was filtered off and purified via column chromatography using an eluent of hexane/ethylacetate  (4: 1), 2- (4-(4-cyanophenyl)-thiazol-2(5H) -ylidene)-malononitrile as light yellow solid. Yield: 1.72 g (70%). 1H NMR (400 MHz, DMSO-d6), δ (ppm): 8.02~8.04 (d, 2H), 7.69~7.12 (d, 2H), 4.08 (s, 2H). 1.52~1.55(t, 1H), 1.23~1.32(m, 8H), 0.81~0.85(t, 3H). 13C NMR (101 MHz, DMSO-d6) δ(ppm): 173.60, 172.24, 165.22, 139.40, 133.86, 131.29, 118.56, 113.65, 112.72, 76.47, 67.38, 38.57, 32.72, 30.07, 28.65, 23.56, 22.75, 14.25, 11.21.
Calculation of Photothermal Conversion Efficiency

The photothermal conversion efficiency for PTM NPs was calculated by measuring the temperature change of PTM NPs aqueous dispersion as a function of time under the continuous irradiation of 808 nm laser (2.0 W/cm2) for 600 s (t) till the temperature of the solution reached a steady-state case. The photothermal conversion efficiency (η) was calculated by Equation. (1), 

η = [hA(Tmax - Tsurr) - QDis]/[I(1 - 10-Aλ)]                                (1)

where h is the heat transfer coefficient, A the area of the container, Tmax the maximum steady-state temperature (76.3 °C), TSurr the ambient temperature of the environment 

(30.0°C), QDis represents the heat dissipation from the light absorbed by the solvent and the sample cell, I is the incident laser power (2.0 W/cm2), and Aλ is the absorbance of the sample at 808 nm (0.316). The value of hA was calculated by Equation. (2), 

hA = mDcD/τs                                                       (2)

whereτs is the time constant for the heat transfer in the system, which was accessed based on the measurements in Figure S7 (τs = 310 s); and mD and cD is the mass (1 g) and heat capacity (4.2 J/g) of the DI water used to disperse PTM NPs, respectively. The photothermal conversion efficiency of PTM NPs was calculated to be 56.9%.
Cell culture

PTM NPs were diluted with culture medium to prepare a working solution for cellular experiments.  4T1 cells were cultured in 1640 culture medium with 10% fetal bovine serum and 1% penicillin–streptomycin in 5% CO2 incubator at 37 °C.

In vitro Cytotoxicity Assay

4T1 cells were seeded into 96-well plates at a density of 1×104 cells/well and maintained in 1640 supplemented with 10% FBS and 1% penicillin-streptomycin at 37 °C in a humidified atmosphere containing 5 % CO2.  After overnight incubation, the cell culture medium was replaced with 100 μL of fresh culture medium different concentrations of PTM NPs and incubated for another 24 h.  The viability of cells was measured by the CCK-8 assay.  The absorbance at 450 nm was recorded on a microplate reader (BioTek Synergy HT, USA).  All experiments were conducted in triplicate and presented as mean ± SD compared to the OD values of untreated cells. 

In vitro Photothermal Ablation

4T1 cells (1×104 cells/well) were seeded on 96-well plates and incubated overnight at 37 °C container.  The cells were incubated with PTM NPs for 4 h at 37 °C and then irradiated with the 808 nm laser (1.5 W/cm2) for 10 min.  After irradiation, the treated cells were incubated for another 3 h and rinsed with PBS for further cytotoxicity assay.  The standard CCK-8 assay was employed to determine the relative viabilities of treated cells.  To further confirm the photothermal effect, after various treatments, 4T1 cells were incubated with a mixture of calcein AM (calcein acetoxymethyl ester) and PI (propidium iodide) for further live/dead cell double staining. After rinsed with PBS, the cell samples were observed with fluorescence microscopy (FV1200-IX83, Olympus, Japan).

Flow Cytometry Analysis

4T1 cells (2×105 cells/well) were seeded on 6-well plates and cultured overnight for cell adherence.  PTM NPs (80 g/mL) were added into fresh cell medium and incubated with cells for 4 h.  With or without 808 nm laser (1.5 W/cm2) irradiation for 5 min and then incubated for another 24 h.  After incubation, cells were rinsed with PBS and trypsinized by trypsin for collecting the cell suspensions. The cell suspensions were incubated with the mixture of Annexin V-FITC and PI in dark for 10 min.  After rinsed with PBS, all samples were measured with FACS Calibur flow cytometer using 488 nm laser for Annexin V-FITC and 561 nm laser for PI excitation.  

Western Blotting Analysis. 
Western blotting analysis was conducted to study the relative content changes of Bax, Bcl-2, H2AX and γH2AX in the cells treated with PTM NPs. For laser irradiating groups, after treated with PTM NPs for 4 h, cells were irradiated by 808nm laser (1.5W/cm2, 10 min), 4T1 cells were washed with PBS twice, followed by the addition of lysis buffer on ice. Subsequently, Western blotting analysis was performed to relatively quantify the concentration of Bax, Bcl-2, H2AX, and γH2AX in the above cell lysates.

In vivo Photothermal Ablation

Five-week-old female nude mice were purchased from the Animal Center of Southern Medical University. All animal procedures were performed in accordance with the "Guidelines for the Care and Use of Laboratory Animals of Southern Medical University" and were approved by the Animal Ethics Committee of Southern Medical University. 100 μL 4T1 cells (2*10^5) suspensions were injected subcutaneously into the right limb of the mice to obtain a Breast cancer model. When the tumor volume grows to about 80 mm3, the mice were divided randomly into four groups: PBS control group (group A), 808nm laser irradiation only (group B), PTM NPs (2.5 mg/kg) only (group C), PTM NPs (2.5 mg/kg) and NIR laser irradiation (808nm, 2.0 W/cm2, 5 min.) (group D). After four different treatments were performed on these four groups of mice, the state of the mice and tumors was observed. The tumors were taken for Tunel staining to observe the apoptosis and necrosis of tumor cells after 24 hours. Finally, the mice were sacrificed after three weeks of the treatment, and the organs were collected for H&E staining.
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Scheme S1 Synthesis routine of 2-dicyanomethylenethiazole 1
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Scheme S2 Synthesis routine of PTM
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Figure S1 The 1H NMR of 2-dicyanomethylenethiazole 1
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Figure S2 The 13C NMR of 2-dicyanomethylenethiazole 1
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Figure S3 The 1H NMR of PTM
[image: image6.jpg]JEif
st
86'S11

€611
et
EPPTL
PSOTL
S8LTL

0L'8YT
€91
8991
ITLIN.

3C NMR

20

30

170 160 150 140 130 120 110 100 % 80 70 60
chemical shift(ppm)

0




Figure S4 The 13C NMR of PTM
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Figure S5 The IR spectrum of PTM
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Figure S6 The stability of PTM NPs
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Figure S7 SEM of PTM NPs.
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Figure S8 TEM of PTM NPs
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Figure S9 (A) Time constant for heat transfer of water. (B) Time constant for heat transfer of PTM. NPs.
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Figure S10 The UV-vis Spectrum of PTM NPs before and after 808 nm laser irradiation (3.0 W/cm2, 20min).
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Figure S11 Cell viability treated with PTM with or without 808nm laser irradiation (1.5 W/cm2, 10min).
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Figure S12 AM/PI fluorescence imaging of 4T1cells with/without PTM NPs(200 μg/mL) in the absence or presence of 808nm laser irradiation(1.5 W/cm2, 10 min).
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Figure S13 Tumor temperature of PBS group and PTM group before and after 808nm laser irradiation (1.0 W/cm2, 1min).
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