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Fig. 2 The morphological characteristics of NGO
(a) The images of NGO detected by atomic force microscope. (b) The size distribution of NGO detected by dynamic light scattering.
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Fig. 3 The photothermal conversion effect of NGO under laser irradiation
(a) A representative thermographic image of NGO solution(40 mg/L, 80 mg/L) and H,O under laser irradiation(2 W/cm?). (b) Temperature increase of
NGO solution(40 mg/L)under laser irradiation with different doses. e—e : 0.5 W/cm?’, A—A : 1 W/em? m—m : 1.5 W/em?, 0—o:2 W/em%; A—A:
2.5 W/em?. (c) Temperature increase of NGO solution at different concentrations under laser irradiation (2 W/cm?). e—e : 0 mg/L; A—A :20 mg/L;
m—n 40 mg/L; o—o:60mg/L; A—A : 80 mg/L.
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Fig. 4 The cytotoxic effects of NGO combined with laser
The cytotoxicity of NGO(40 mg/L) under laser irradiation with different
doses(*P < 0.05).
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Fig. 5 Cell death analysis under laser irradiation combined with NGO
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Fig. 6 Cytokines secretion by macrophages stimulated by indicated treatments

(a) Cytokines secretion by macrophages stimulated by NGO at different concentrations. (b) Cytokines secretion by macrophages stimulated by treated

tumor cells(*P < 0.05)(Laser power: 2 W/cm?, NGO concentration: 40 mg/L).
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Fig. 7 Temperature increase on the surface of
tumor under laser irradiation with or without NGO
(Laser: 2 W/em?x5 min, NGO: 1 mg/kg)(*P < 0.05)
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Fig. 8 Volume of tumors under different treatments

(a) Diagram of the tumor-bearing animal model. (b) Volume of the 1st tumor treated under indicated treatments (*P < 0.05)(Laser: 2 W/cm’x5 min,

NGO: 1 mg/kg). (c) Volume of the untreated 2nd tumor after the treatment on the 1st tumor(*P < 0.05).
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Photothermal-immunotherapy for Metastatic Breast Tumor
in Mice Using Graphene Oxide"

LI Yong"?, ZHOU Fei-Fan?", CHEN Wei R.?

(" Interventional Therapy Department, Tianjin Key Laboratory of Cancer Prevention and Therapy,
Tianjin Medical University Cancer Institute and Hospital, Tianjin 300060, China;
? Biophotonics Research Laboratory, Center for Interdisciplinary Biomedical Education and Research,
College of Mathematics and Science, University of Central Oklahoma, Edmond, Oklahoma 73034, USA)

Abstract The tumor killing and immune stimulation effects of photothermal therapy using nano graphene oxide
(NGO)were studied in vitro and in vivo. For in vitro study, NGO showed a good photothermal conversion effect,
increasing temperature under laser irradiation to destroy tumor cells. In addition, NGO could effectively stimulate
the production of IL-6 and TNFa by macrophages and enhance the immune response of macrophages to
laser-treated tumor cells. For in vivo study, two tumors were inoculated on both sides of the back of mice, serving
as the local primary tumor and surrogate distal metastatic tumor. The results showed that the treatment of NGO
combined with laser could effectively ablate the treated primary tumor, and inhibit the growth of untreated distal
tumor. It suggested that the treatment of NGO combined with laser therapy could stimulate the anti-tumor immune

response of the body to attack distal metastases.

Key words nano graphene oxide, photothermal therapy, tumor, immune
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