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Abstract: Gold particles have been widely used in the treatment of prostate cancer due to their unique optical properties, such as their light-heat conversion in response to near-infrared radiation. Due to well‑defined synthesis mechanisms and simple manufacturing methods, gold particles have been fabricated in various sizes and shapes. However, the low photothermal transduction efficiency in their present form is a major obstacle to practical and therapeutic uses of these particles. In the current work, we present a silica-coated gold nanoparticle cluster to address the therapeutic limit of single gold nanoparticles (AuNPs) and use its photothermal effect for treatment against PC-3, a typical prostate cancer. Due to its specific nanostructure, this gold nanocluster showed three times higher photothermal transduction efficiency than free single AuNPs. Moreover, while free single particles easily clump and lose optical properties, this silica-coated cluster form remained stable for a longer time in a given medium. In photothermal tests under near-infrared radiation, the excellent therapeutic efficacy of gold nanoclusters, referred to as AuNC@SiO2, was observed in a preclinical sample. Only the samples with both injected nanoclusters followed by photothermal treatment showed completely degraded tumors after 15 days. Due to the unique intrinsic biocompatibility and higher therapeutic effect of these silica-coated gold nanoclusters, they may contribute to enhancement of therapeutic efficacy against prostate cancer.  
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Figure S2. Absorbance spectrum of each material. This data was obtained by plate reader. All samples were synthesized at the same time.

[image: image2.png]Normalized Absorbance

0.8

0.6

0.4

0.2

—AuNP
—AuNC
—AuNC@sSiO2

300 400 500 600

700 800

Wavelength (nm)

900




Calculation of photothermal transduction efficiency (including Figure S3)
The energy balance of the system is expressed by the following equation.1-4
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(1)

where mi is the mass of the system components, Cp,i is the heat capacity of the components and Qj is the energy inside the system, where QNC is the energy dissipated by the nanomaterial, QDis is the basic energy in the water, It is the heat energy that escapes out.
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(2)

Here, QNC can be expressed as follows.
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(3)

I is the instantaneous output of the laser, Aλ is the absorption value at the wavelength band, and η is the thermal conversion efficiency of the material. QSurr can be expressed as the following expression.
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(4)

Where h is the heat transfer coefficient and S is the surface area of the container. Here, the energy QSurr flowing out of the equilibrium state at TMax in which the cell temperature does not rise any more is equal to QNC + QDis
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(5)

Combined two equations (3) and (5), the photothermal transduction efficiency is defined as follows.
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(6)

To introduce the dimensionless driving force temperature and time, θ, τs, to obtain the value of hS,
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(7)
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(8)

When these two equations are applied to (1), we can summarize as follows.
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(9)

Next, the relationship between θ and τs is defined as follows, and hS can be obtained from the following equation by measuring the temperature drop with time after the laser source is turned off.
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(10)

Since the majority of the components in the container are water, so the value of [image: image24.png]:Co



 is 8.4 J/℃ at m = 2 g, Cp = 4.2 J/g∙℃, and absorbance at 808 nm is 1.76 ([image: image26.png]Agps = 1.76)



. Since I = 1W, η can be obtained by substituting each value.
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Figure S3. (A) is graph of temperature changes for each material when laser irradiation was applied and after irradiation was stopped. The power of the laser was fixed at 1 W and each experiment was carried out by triplication. (B) is calculated photothermal transduction efficiencies of each particle. 

Figure S4. Change in absorption spectrum of each Au material in PBS at certain times; (A) AuNP, (B) AuNC and (C) AuNC@SiO2.
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Figure S5. Synthesis and characterization of FITC-AuNC@SiO2. (A) is the synthesis process of FITC-AuNC@SiO2. (B) presents a comparison of absorption spectra of AuNC@SiO2, FITC-APTES and FITC-AuNC@SiO2. (C) shows the fluorescence intensity of FITC-APTES, supernatant after each washing step, ethanol (control), AuNC@SiO2 and FITC-AuNC@SiO2. 
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Figure S6. Mean fluorescence intensity data showing the cell infiltration of FITC-AuNC@SiO2 over time as measured by FACS. This graph shows the fluorescence of PC-3 cell treated with 20 μg/mL of AuNC@SiO2. Data obtained was done in triplicate.
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Figure S7. Cytotoxicity test with PC-3 cells. This graph shows the cellular toxicity results in various concentrations of (A) AuNP, (B) AuNC and the (C) AuNC@SiO2, for 24 hours against PC-3 cells. Data obtained was done in triplicate and unit is μg/mL.
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Figure S8. Preliminary results regarding parameter optimization of in-vitro photo-thermal treatments. (A) incubation time, (B) sample concentration, (C) laser power, and (D) irradiation time were changed under the base condition of 3 hours incubation time, 100 µg/mL particle concentration (silica coated gold nanoparticles clusters), 3 minutes irradiation, 2.5 W/cm2 laser power. All data obtained was done in triplicate.
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Figure S1. The zeta-potential of each nanomaterial. Data obtained by zeta sizer and each value is an average of 15 times scanning. All of data were obtained triplicate and samples were synthesized at the same time.








