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Materials and Methods 

Orthotopic tumor model. All animal work was carried out in accordance with Institutional 

Animal Care and Use Committee guidelines. Male nude mice (8-10 weeks old; Charles River 

Laboratories) were used for the imaging experiments. Human glioblastoma U87 cells (1x106) 

stably transfected with the luciferase gene (U87-TGL) (1) were implanted in the brain of nude 

mice (1 mm right to and 2.5 mm behind the bregma, and 3 mm of depth) with a small animal 

stereotaxic device (David Kopf Instruments). On day 8 post tumor inoculation, the mice received 

i.v. injection of D-luciferin (4 mg/kg, Biosynth Chemistry & Biology, Staad, Switzerland). Tumor 

burden as measured by luciferase activity was assessed using Xenogen IVIS-200 Optical In 

Vivo Imaging System (Caliper Life Sciences) for bioluminescence imaging (BLI). The 

bioluminescence signal generated in mice was imaged and quantified using the LIVINGIMAGE 

V.2.11 software and IGOR image analysis software (V.4.02 A, WaveMetrics). Region of interest 

(ROI) was manually selected and signal intensity expressed in terms of number of photons/sec. 

PAT experimental setup. Briefly, the mice were anesthetized with isoflourane and set on a 

homemade mount so that its head protruded into the water tank filled with water through a hole 

in the tank’s bottom. The hole was sealed with a piece of polyethylene film, and the head of the 

mouse was in direct contact with the film. A Q-switched Nd:YAG laser (LS-2137/2, LOTIS TII) 

and pumped tunable Ti:sapphire laser (LT-2211A, LOTIS TII) were employed to excite 

photoacoustic signals. The lasers provided a pulse duration of less than 15 ns, pulse repetition 

rate of 10 Hz, and wavelength of 800 nm. The incident energy density of the laser beam was 

controlled to be less than 10 mJ/cm2 on the surface of the mouse head. An unfocused ultrasonic 

transducer (V323, Panametrics) with a central frequency of 2.25 MHz and a -6 dB bandwidth of 

about 70% was used to detect the ultrasound signals (acquisition time 10 min). The 

photoacoustic signals detected by the ultrasonic transducer were amplified (5072PR, Olympus). 

The photoacoustic images were reconstructed through a modified back-projection algorithm (1). 

Radiolabeling. For radiolabeling, 10 mCi of 64CuCl2 and 35 µl of 1,4,7,10-

tetraazacyclododecane-1,4,7-tris(acetic acid)-10-[acetic acid-N-(2-(2-(2-

aminoethoxy)ethoxy)ethyl)-lipoic acid mono amide] (DOTA-TA, 7.5 mg/ml) (2) were added into 

100 µl of 0.1 M acetate buffer (pH 5.5) for 1 h at 75oC. The above 64Cu-DOTA-TA was mixed 

with 400 µl aqueous solution of HAuNS (~2x1013 particles) for 4 h at room temperature. The 

radiolabeled HAuNS (8.5×1012 particles/mL) were then added to argon-purged aqueous solution 

containing RGD-PEG-SH (50 µg/mL) and PEG-SH (500 µg/mL). For purification, the reaction 

mixture was centrifuged at 7000 rpm for 15 min, and the resulting pellet was resuspended with 
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deionized water. The process was repeated twice to remove unreacted PEG molecules. The 

radiolabeling efficiency of the nanoparticles were analyzed using instant thin layer 

chromatography (ITLC, >97%).  

Autoradiography and immunohistochemistry. For autoradiography, the slices were dried at 

40ºC in open air. The sections were then exposed on a BAS-SR 2025 Fuji phosphorous film, 

and the film scanned with FLA5100 Multifunctional Imaging System (Fujifilm Medical Systems 

USA, Stamford, CT). For immunohistochemistry, the slices were stained with rabbit anti-αvβ3 

antibody (1:100) (Millipore) followed by IRDye680 goat anti-rabbit IgG (1:800) (Li-Cor). Cell 

nuclei were counterstained with 4',6-diamidino-2-phenylindole (DAPI). The whole tissues were 

scanned under an Odyssey imaging system (Li-Cor) and visualized under fluorescence 

microscope (Zeiss Axio Observer.Z1, Carl Zeiss MicroImaging GmbH, Göttingen, Germany) at 

high magnification. The gold nanoparticle was examined under dark field. 

Magnetic resonance temperature imaging (MRTI). To monitor the change in temperature 

following laser treatment, magnetic resonance temperature imaging (MRTI) was carried out 

using a GE 1.5T Signa HDxt MRI scanner (GE Healthcare, Technologies, Milwaukee, WI). In 

order to confirm the location of the tumor T1-weighted image with Magnevist® was first 

performed. The scanning parameters of T1-weighted MRI were: a fast SE sequence with a flip 

angle = 90o, repetition time (TR) = 600 ms, echo time (TE) = 19.7 ms, matrix size was 256×128 

and the bandwidth was 15 kHz. The field of view was 7 cm×3.5cm and the echo train length 

was 4. Afterwards, MRTI images were acquired every 5 seconds for 300 s with an in-house built 

3 inch coil. The laser power (16 W/cm2, 15PLUS laser, Diomed, Andover, MA) was delivered to 

the top of the mouse head where tumor was located for 180 s using a commercial MR 

compatible external applicator (BioTex Inc.). Laser was switched on at the 31st s and off at the 

210th s of MRTI scanning process. The scanning parameters of MRTI were: a fast SPGR 

sequence with flip angle 30o, repetition time (TR) = 73.3 ms, echo time (TE) = 8.2 ms, matrix 

size was 256×128 and the bandwidth was 10 kHz. The field of view was 7 cm×3.5 cm. Images 

were read from the MR scanner in quadrature, then in a post processing procedure the real and 

imaginary image data was combined into a complex image and finally a relative phase image 

using Matlab® (Mathworks).  MRTI temperature images were calculated using the proton 

resonance shift method described previously (3, 4). Temperature images were generated by 

taking the cumulative summation of phase difference images relative to a reference phase 

image according to the equation (3): 
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where Φ is the phase, T is temperature, B0 is the main magnetic field, TE is the echo time, γ is 

the gyromagnetic ratio and α is temperature dependency of the water chemical shift (ppm oC-1). 

Biodistribution.  Nude mice bearing U87 glioma were randomly allocated into two 

groups (n = 5). Mice in group 1 were injected with 64Cu-labeled RGD-PEG-HAuNS, and mice in 

group 2 were injected with 64Cu-labeled PEG-HAuNS, both at a dose of 1 mCi/kg in tail vein. 

Mice were killed by CO2 overexposure 24 h after injection. Blood, heart, liver, spleen, kidney, 

lung, stomach, intestine, muscle, bone, olfactory bulb, tumor, cerebrum, and cerebellum were 

removed and weighed, and radioactivity was measured with a Cobra gamma counter (Packard). 

Uptakes of 64Cu -labeled nanoparticles in various organs were calculated as %ID/g. 

Comparisons of the number of two groups were made using two-tailed Student’s t test . 

Differences between groups were considered statistically significant if P < 0.05. 
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Figure S1. 

Reaction scheme for the synthesis of RGD-PEG-SH. 
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Figure S2 

Biodistribution of 64Cu-labeled RGD-PEG-HAuNS and PEG-HAuNS in nude mice bearing U87 

glioma orthotopic model 24 h after intravenous injection. Data were presented as mean ± SD (n 

= 5) of percentage of injected dose per gram of tissue (%ID/g). *P < 0.01.  
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