




Materials and methods, supplementary: 

Mice: Three week old female FVB mice weighing 12 to 14 g were purchased from 

Charles River Laboratories (Wilmington, MA). The mice were anesthetized with a 

ketamine/xylazine cocktail (Ketaject 100 mg/kg, and Xyla-ject 10 mg/kg, both from Phoenix 

Pharmaceuticals, CA) prior to surgery.  Buprenorphine hydrochloride (Buprenex, dose in the 

range of 0.05-0.1 mg/kg, Reckitt Benckiser) was given for post-operative pain management. 

Outgrowth (premalignant) tissue was identified under a stereomicroscope, and grossly distinct 

regions were carefully biopsied from a donor and transplanted bilaterally into gland-cleared 

fat pad number 4. All animals in the same cohort received tissue from the same donor. 

 

Conjugation and radiolabeling: Both tracers were radiolabeled with 64Cu, which has 

a half-life of 12.7 hours.  BSA (20.3 mg; 0.31 µmol), 2-iminothiolane (2IT; 0.68 µmol), and 

6-[p-(bromacetamido)benzyl]-TETA (BAT; 1.35 µmol) were combined in 0.1 M 

tertramethylammonium phosphate, pH 8 (0.65 mL), and incubated at 40 ºC for 45 minutes. 

BSA-TETA was purified and transferred to 0.1 M ammonium acetate, pH 6 by molecular 

sieving chromatography (Sephadex G-50).  In a typical radiolabeling, 64Cu (555 MBq; 

Washington University, St. Louis, MO, USA) in dilute HCl (15 µL) was buffered with 1 M 

ammonium acetate, pH 6 (15 µL) and added to BSA-TETA (5 mg) in 0.1 M ammonium 

acetate, pH 6 (0.4 mL). The radiolabeling solution was incubated at 40 ºC for 45 minutes. 0.1 

M EDTA (45 uL) was added to scavenge nonspecifically bound 64Cu. 64Cu-BSA-TETA was 

purified and transferred to 0.1 M ammonium acetate, pH 6 by molecular sieving 

chromatography (Sephadex G-50). The peak RA fraction (418 MBq) was evaluated for 

identity and radiochemical purity (>99%) by molecular sieving HPLC (300 x 7.8 mm Biosep 

SEC-S-2000 column eluted in 0.1 M sodium phosphate, pH 8, at 1 mL/min; tR of 64Cu-BSA-



TETA and 64Cu-EDTA, 6.4 and 10.1 min, respectively). The purified 64Cu-BSA-TETA was 

formulated with BSA and PBS to 18.5 MBq 64Cu/4 mg BSA/0.15 mL per dose.  

Liposomal radiolabeling followed a previously described method.  Lipids (10 mg) in 

chloroform (HSPC/cholesterol/DSPE-PEG2000/BAT-PEG-lipid = 55.5:39:5.0:0.5, 

mol/mol/mol/mol) were mixed in a test tube and dried by gentle stream of nitrogen gas with 

vortexing.  Lipids were further dried under vacuum overnight. The dried lipid thin film was 

resuspended with 0.1 M ammonium citrate buffer (400 µL, pH 5.5) and incubated for 5-10 

min at 60 ºC.  This lipid mixture was extruded by 21 passes through a 100 nm membrane 

filter (Whatman, NJ) at 60-62 °C on a heating block.  The 6-BAT liposome solution was 

immediately used for labeling.  64Cu (0.2 GBq; Washington University, St. Louis, MO, USA) 

was buffered with 0.1 M ammonium citrate (100 µL, pH 5.5). Freshly prepared 6-BAT 

liposomes were added to the buffered 64Cu solution.  The radiolabeling solution was 

incubated at room temperature for 50 minutes and 0.1 M EDTA (20 µL) was added for 10 

minutes to remove nonspecifically bound 64Cu. 64Cu labeled liposomes were separated by size 

exclusion chromatography (Sephadex G-75, GE Healthcare, NJ) in PBS, and fractions were 

collected. The radioactivity was measured with CRC-15 DualPET (Capintec, NJ). 

Radiochemical purity of separated liposome was more than 98%. The purified 64Cu-6-BAT 

liposome was formulated with PBS to ~17-20 MBq 64Cu/0.9 mg liposomes/0.15 mL per dose. 

 

Imaging: In vivo imaging: The animals were anesthetized with 3.5% isofluorane (in 

oxygen, flow 2L/min) and maintained at 2.0% isofluorane (in oxygen, flow 1L/min).. The 

mice were catheterized to ensure proper tail vein injection. The bolus was administered 1.5 

minutes after the PET scans were initiated, using a manually controlled injection over 15 s 

that was timed for uniform administration. In the longitudinal study, the animals receiving 



liposomes were alternated each week to avoid the accelerated blood clearance (ABC) 

phenomenon of the liposomes (1, 2).  

 PET images were reconstructed directly from the 3D sinograms using 3D maximum a 

posteriori (MAP). The animal bed was transferred to a dedicated small-animal CT (Inveon 

MM CT, Siemens Medical Solutions, Inc) after the last PET scan to obtain detailed 

anatomical information. Whole body CT images were acquired with the following 

parameters: 4096x3968 acquisition matrix, 50 kVp, 500 µA, 500 ms and 0.5 mm spatial 

resolution.   After the last scan, the mice were euthanized by cervical dislocation, and organs 

of interest were harvested and weighed. Biodistribution data was obtained by measuring 

radioactivity using a 1470 Automatic Gamma Counter and expressed as %ID/g. 

In cohort 2, ex vivo PET imaging was performed immediately after the 48 hour in vivo scan. 

The tumors were oriented to correspond with the histological slices of the tumors. 

 Confocal imaging:  Liposomes were passively loaded with the dye as previously 

described (3-5). Alexa Fluor 555 BSA (5 moles/mg) conjugate was purchased from 

Invitrogen, Molecular Probes, CA, and dissolved in 1 ml PBS.  Ultrafiltration by repeated 

centrifugation (4000 rpm for 15 min at 20 °C) using Centifree, (Millipore Inc., MA) was 

conducted to reduce the free dye composition to less than 0.2%. Lectin was administered 15 

minutes prior to euthanasia and the animals were sacrificed with Euthasol (sodium 

pentobarbital, 150-200 mg/kg intra-peritoneal injection, Western Medical Supply, CA) 30 

minutes, 18 hours and 28 hours after injection of the Alexa conjugated tracers. The animals 

were transcardially perfused with saline and 1% PFA for 3 minutes. The tumors were 

harvested, cut in blocks and mounted prior to confocal imaging (Zeiss LSM510 laser scanning 

microscope, objective Plan-Neofluar 40x/1.3 oil, numerical aperture lens, wavelengths 543 

and 488 nm, pinhole between 116 and 160 µm).  All images were collected using the same 

imaging parameters and within the first 10-15 µm of the tissue block such that comparisons of 



relative fluorescence were comparable.  Three animals received Alexa-555-BSA (~4 mg/150 

µl), 3 animals received Alexa-555-liposomes (~1 mg/150 µl) and 1 animal received lectin 

only.  

 

Image analysis: PET and CT images were co-registered and analyzed using ASIPro 

software (Siemens Preclinical Solutions, Inc.) and used to obtain quantitative activity levels in 

each organ of interest as a function of time. These organs were blood in the left ventricle, liver 

and tumors. Time activity curves (TACs) were obtained with region-of-interest (ROI) analysis 

where the organs were manually segmented and expressed as percentage of injected dose per 

cubic centimeter (%ID/cc) after time-decay correction. Co-registration of functional PET 

images with anatomical CT images was performed to ensure valid estimates of tumor volumes 

based on image data.  Image-based estimates of tumor volume were compared with the weight 

of the tumors at the end-point. The tumor tracer concentration, transport constant, λ (h
-1), 

vascular volume fraction (%), and apparent permeability (AP, cm/s) were estimated based on 

the time activity curves  for each week and for each tumor using an image-driven 

pharmacological model developed by Qin et al, 2009 (5).  The relationship between the 

transport constant and the AP, which is commonly used by physiologists (6, 7), is as follows: 

AP = V/ A*λ  = D0/4η*λ, where V is the volume of the tumor, A is the total vascular surface 

area in the tumor, D0 is the mean diameter of blood vessels in tumor, and η is the plasma 

volume fraction in tumor (5).   

  Tracer accumulation rate in the tumor tissue was visualized by image segmentation 

using (Iblood*I(0)max/ I(0)blood) as the lower threshold and maximum tumor intensity as the upper 

threshold, where I refers to intensity, 0 to the initial scan and max to the spatial maximum 

value.  Subregions within each tumor with high signal intensity were delineated using 



threshold-based segmentation, using the following: (Imax – Δ * 0.32), where Δ = (Imax-Imin) as 

the lower threshold. Tumor doubling time was calculated as previously described (8). 

 Vessel diameter was measured on CD31 sections from lesions harvested at 5 and 8 

weeks post-transplant using Spectrum Version 10.1.5.2028 (Aperio Technologies, CA). 

Histological image quantification was performed using NIS-Elements AR 3.0 Imaging 

Software (Laboratory Imaging, Czech Republic) using intensity-based segmentation of the 

images. Regions were randomly chosen both in the peripheral and central region of the tumors 

(6-10 regions for each histological section, magnification 20x).  Endothelial area fraction was 

measured in CD31 sections and converted to vascular volume fraction including the vessel 

lumen using the following assumption VB%/VE% = r1
2/( r2

2 - r1
2), where VB is vascular blood 

volume and VE is vascular endothelium volume, r1 and r2 are vessel radius without and with 

the endothelium, respectively.  

 Relative fluorescence intensity in the red channel was measured in multiple ROIs 

drawn in confocal images obtained for each tracer at each time-point.  One ROI included the 

entire image and 3-5 ROIs (size approximately 30x10 μm) were drawn adjacent to vessels 

labeled with lectin in each image. All values were normalized to t = 0 hr for each region.  

Histology: Tumor sections were stained for CD31 and H&E to evaluate vessels and 

tumor morphology. The remaining fat pad and tumor/outgrowth were fixed in 10% formalin 

over night in room temperature and embedded in paraffin, and sections (4 µm) were stained 

with Mayer’s H&E as described previously (9). To visualize vessel endothelium the sections 

were stained with a polyclonal anti-mouse CD31 raised in goat (Pecam-1, 1:300 dilution, M-

20, Santa Cruz Biotechnology, CA) overnight in room temperature. After PBS rinses, the 

sections were incubated with biotinylated horse anti-goat at 1:1000 dilution for an hour at 

room temperature, then reacted with the Avidin-Biotin Complex (ABC Elite kit).  Cromagen-



DAB peroxidase substrate kit was used to visualize bound antigen (all from Vector 

Laboratories, CA).  

Statistical analysis: Image data were analyzed with one-way ANOVA, Student’s t-

test, paired t-test or Least Squares Analysis using GraphPad InStat software (version 3, 

GraphPad Inc, San Diego, USA) or Statistical analysis tools in Excel 2010 (Microsoft Office 

2010). The Tukey correction was performed for multiple comparisons to maintain the global p 

value at 0.05.  Biodistribution data were analyzed using the Mann-Whitney test.  All values 

lower than 0.05 were considered significant.   

 

Supplementary Fig.1:  H&E of fat pad during hyper-proliferation demonstrates 

angiogenesis precedes substantial tumor formation. 

 

Supplementary Fig.2: Tracer distribution on a microscopic level. A) Lectin only. 

Fluorescence in the red channel is most likely due to auto-fluorescence from macrophages, B) 

Separate channels for Alexa-555-lipsomes and lectin at 0, 18 and 28 hours, respectively, C) 

Separate channels for Alexa-555-albumin and lectin at 0, 18 and 28 hours, respectively. 
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