Title: Graphene oxide (GO)-based nanosheets with combined chemo/photothermal/photodynamic therapy to overcome gastric cancer drug resistance by reducing mitochondria-derived adenosine-triphosphate (ATP)  

Supplementary Material

Methods 

1. The construction of HGC-27 PTX resistance（HGC-27/PTX） cells 

BGC-823 cell was exposed to paclitaxel (PTX) at an initial concentration of 0.2 μM. Subsequently, the survival cells which were tolerant to PTX, were selected for further cultured in a double concentration of paclitaxel. This procedure was repeatedly applied to the cells, until the cells could finally be cultured well in the presence of 15 μM paclitaxel. When the cells were totally tolerance to paclitaxel, the BGC823/PR cell was successfully established. The PTX-resistant cells were continuously exposed to certain paclitaxel concentrations for resistance maintenance.

2. The construction of P-gp down-regulated HGC-27/PTX resistance cells 

The has-siRNA- P-gp was chemically synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, People’s Republic of China). HGC-27/PTX cells were cultured in 6-well plates. The has-siRNA- (P-gp) targeting P-gp was transfected in the cells using Lipofectamine 3000 (Thermo Fisher Scientific, Waltham, MA, USA) and Opti-MEM (Thermo Fisher Scientific) following the manufacturer’s instructions. The has-siRNA-NC was applied as a negative control.

Results 
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Figure S1. (A) The images of GO, GO-PEG, GO-PEG-OSA and PTX@GO-PEG-OSA nanosheets after storage in water for one month. (B) Size distribution of GO, GO-PEG, GO-PEG-OSA and PTX@GO-PEG-OSA nanosheets in water. (C) Zeta potential and diameters of GO, GO-PEG, GO-PEG-OSA and PTX@GO-PEG-OSA nanosheets in water. (D) The images of PTX@GO-PEG-OSA nanosheets after storage in DMEM and PBS for one week. (E) Stability (diameter change) of PTX@GO-PEG-OSA nanosheets in DMEM and PBS (pH 7.4, 0.1 M, 37°C, n=3).
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Figure S2. (A&B) The temperature curve induced by GO-PEG-OSA NSs and PBS under NIR irradiation (1.0 W/cm2 and 1.5 W/cm2). (C). The UV−vis absorption spectrum of GO-PEG-OSA. (D) PTT stability of GO-PEG-OSA under NIR laser irradiation (1.0 W/cm2).
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Figure S3. Drug release curve for PTX@GO-PEG NSs. Data are shown as the mean ± SD, n=3. *** indicates P<0.001.
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Figure S4. Cell viabilities of GES-1 cells after incubation with GO or GO-PEG-OSA NSs at different concentrations. Data are shown as the mean ± SD, n=3.
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Figure S5. Viabilities of HGC-27/PTX and HGC-27 cells treated by PTX at different concentration for 24h. Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S6. In vivo fluorescence images (Left) and ex vivo Fluorescence images (Right) of tumor bearing mice at 0-6 h after treatment with Cy7 loaded PTX@GO-PEG-OSA NSs.
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Figure S7. (A) Inversed fluorescent microscopy images of chlorpromazine pre-treated HGC-27/PTX cells incubated with GO-PEG-OSA NSs for 1, 2, 3 and 4 hours. Scale bar, 500 nm. (B) Concentration of PTX in the chlorpromazine pre-treated HGC-27/PTX cells determined using UHPLC. Scale bar, 100 μm. Data are shown as the mean ± SD, n=3.
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Figure S8. Quantified expression of caspase-3, cleaved caspase-3, Bax, Bcl-2, p53 proteins and GAPDH protein in HGC-27/PTX cells after the incubation with PTX, PTX@GO-PEG-OSA and GO-PEG-OSA NSs for 48 hours, detected by Image J software. Data are shown as the mean ± SD, n=3.
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Figure S9. Viabilities of HGC-27/PTX cells, treated with PTX@GO-PEG or PTX@GO-PEG-OSA NSs for 48 hours. Data are shown as the mean ± SD, n=3. ** indicates P<0.01, *** indicates P<0.001.
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Figure S10. Quantified expression of caspase-3, cleaved caspase-3, Bax, Bcl-2, p53 proteins and GAPDH protein in HGC-27/PTX cells after the incubation with GO-PEG-OSA and PTX@GO-PEG-OSA, with or without NIR irradiation, detected by Image J software. Data are shown as the mean ± SD, n=3.

[image: image11.jpg]Il Blank

m PTX@GO-PEG-OSA (Chemo)

B GO-PEG-OSA+NIR (PTT&PDT) PTX@GO-PEG-OSA+External heating

(Chemo&PTT)

GO-PEG-OSA+NIR+Ice (PDT)

PTX@GO-PEG-OSA+NIR+Ice

Bl External heating (PTT) [ (Chemo&PDT)

Cell Viability (%)

1004
80+
60
40-
20+

(~100%) (~98%)
(~78%) (~80%)

(~70%)





Figure S11. Viabilities of HGC-27/PTX cells after incubation with DMEN plus 10% PBS (Blank), GO-PEG-OSA NSs plus NIR (PDT & PTT), GO-PEG-OSA NSs plus NIR and Ice (PDT), External heating (43°C, PTT), PTX@GO-PEG-OSA (Chemo), PTX@GO-PEG-OSA+External heating (Chemo&PTT) and PTX@GO-PEG-OSA+Ice (Chemo&PDT). The concentration of PTX and GO-PEG-OSA were 8 µg/mL and ~ 0.1mg/mL respectively. Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S12. Depletion of P-gp increased sensitivity to PTX in HGC-27/PTX cells. (A) Expression of P-gp proteins in HGC-27/PTX cells and normal HGC-27 cells. (B) Expression of P-gp proteins in HGC-27/PTX cells after transfected by siRNA-(P-gp) or siRNA-NC. and normal HGC-27 cells. (C) Quantified expression of P-gp protein in HGC-27/PTX cells and normal HGC-27 cells, detected by Image J software. (D) Viabilities of HGC-27/PTX cells treated by PTX or PTX@GO-PEG-OSA for 24h, after transfected by siRNA-(P-gp) or siRNA-NC. Data is shown as the mean ± SD, n=3. * indicates P＜0.05, *** indicates P＜0.001.
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Figure S13. The expression of P-gp in HGC-27/PTX cells treated HGC-27/PTX cells with PTX@GO-PEG-OSA or GO-PEG-OSA in the presence of NIR irradiation. (A) Expression of P-gp proteins in HGC-27/PTX cells at mRNA level. (B) Expression of P-gp proteins in HGC-27/PTX cells at protein level (up), and quantified expression of P-gp protein in HGC-27/PTX cells (down), detected by Image J software. Data is shown as the mean ± SD, n=3. 
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Figure S14. ROS in HGC-27/PTX cells after incubation with DMEN plus 10% PBS (Blank), external heating (43°C, PTT), GO-PEG-OSA NSs plus NIR (PDT & PTT), GO-PEG-OSA NSs plus NIR and ICE (PDT), PTX@GO-PEG-OSA NSs plus NIR (PDT & PTT & chemotherapy), or PTX@GO-PEG-OSA NSs plus NIR and ICE (PDT & chemotherapy). Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S15. Inversed fluorescent microscopy images of ROS (green) and mitochondria (red) in GO-PEG-OSA plus NIR treated HGC-27/PTX cells (A) and quantified relative fluorescence value of generated ROS (green) and ROS in mitochondria (red). Scale bar, 100 μm. Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S16. MTPs in HGC-27/PTX cells after incubation with DMEN plus 10% PBS (Blank), external heating (43°C, PTT), GO-PEG-OSA NSs plus NIR (PDT & PTT) or GO-PEG-OSA NSs plus NIR and ICE (PDT). Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S17. MitoROS in HGC-27/PTX cells after incubation with DMEN plus 10% PBS (Blank), external heating (43°C, PTT), GO-PEG-OSA NSs plus NIR (PDT & PTT) or GO-PEG-OSA NSs plus NIR and ICE (PDT). Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S18. Relative content of ATP in HGC-27/PTX cells after incubation with DMEN plus 10% PBS (Blank), external heating (43°C, PTT), GO-PEG-OSA NSs plus NIR (PDT & PTT) or GO-PEG-OSA NSs plus NIR and ICE (PDT). Data is shown as the mean ± SD, n=3. *** indicates P＜0.001.
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Figure S19 In vivo IRT images of PTX@GO-PEG-OSA-treated HGC-27/PTX tumor bearing mice at different time, ranging from 0 to 5 mins with NIR irradiation (1W/cm2; up), and the statistical temperature change at cancer region (down). 
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Figure S20. Relative body weight of tumor-bearing mice, for detection of PTX@GO-PEG-OSA NSs’ in vivo photothermal and chemotherapeutic effects. Data is shown as the mean ± SD, n=5.

