
Supplemental Methods 

Mouse experiments 

Mice for an initial experiment (n = 31 SV-40 TAg FVB/N mice) were used to both 

confirm our previous data correlating social isolation with vigilant behavior and 

increased mammary tumor growth (5) and to extend these experiments with measures 

of body weight and food consumption. In a second experiment, subsets of TAg mice (n 

= 23) were either euthanized at 15 weeks to measure circulating glucose, insulin and 

leptin, as well as mammary gland gene expression, or were placed in metabolic cages 

at either 15 or 18 weeks for measurements reflecting systemic metabolism.  We applied 

the same housing protocols and repeated the same gene expression measures in non-

transgenic FVB/N (WT) and outbred Swiss CD1 female mice. Metabolic cage analyses 

were also performed in the CD1 strain (n=16). An independent experiment subjected 

TAg mice (n=16) to isolation or group housing from 3 weeks until 15 weeks of age and 

harvested tissues were used to measure changes specific to mammary adipocyte 

function. 

Behavior assessment and social environment  

The social environment for animals was described previously (5).  All sets of 

isolated and grouped mice cohorts were initially balanced for vigilant behavior (4 weeks 

of age) by individual assessment in an exploration stress arena as described previously 

(5).  

Tumor measurement  

Tumor measurements were performed as described previously (5). Briefly, the 

shortest and longest diameters of each tumor in all mammary gland regions were 

measured weekly with electronic calipers. Tumor volume was calculated with the 

following formula: (shortest diameter in mm)2 × (longest diameter in mm) × 0.52. Two 

isolated mice had to be sacrificed at weeks 19 and 20 due to excessive tumor burden. 

One “runaway” tumor (>2500mm3 by week 19) was excluded from the analysis. Time to 



tumor onset was defined as the age of first tumor appearance and censored at 20 

weeks for mice without palpable tumors. Tumor incidence was defined as the proportion 

of animals with at least one tumor by 20 wks.  Tumor burden at 18 weeks was defined 

as the total palpable tumor volume per mouse.  

Metabolic cages  

At 15 and 18 weeks of age, three isolated and three group-housed mice were 

placed in individual metabolic cages (LabMaster by TSE Systems, Bad Homburg, 

Germany) for a seven-day period.  Metabolic cages remained on a reversed light/dark 

cycle. After seven days, the animals were euthanized and necropsied. The cage 

apparatus automatically takes measurements every 30 min of CO2 production, O2 

consumption, ambulatory and rearing motions, and food and water consumption.  From 

these data, the average respiratory exchange ratio (RER) was calculated as the ratio of 

VCO2 over VO2.  Energy expenditure, H(2), was calculated as calorific value (CV) 

multiplied by VO2, where CV equals 3.815 + 1.232 x RER.  Results were analyzed for 

days six and seven, following five days of acclimation and mean values for thirty minute 

measurements during active and inactive periods +/- standard error of the mean (SEM) 

are reported.  

Adipocyte separation 

Gonadal fat pads (adjacent to fallopian tubes) were excised, snap-frozen, and a 

small (~50mg) piece was immediately placed into 500uL RLT buffer (Qiagen, RNEasy 

kit) with 1% β-mercaptoethanol, then frozen for later RNA extraction. Inguinal mammary 

fat pads from an individual animal were placed in 2mL microcentrifuge tubes containing 

700 μL DMEM with 10% FBS. Mammary fat pads with palpable tumors were excluded 

from experiments. Each fat pad was finely minced using 11cm rodent surgical scissors 

to generate a homogenate containing pieces no larger than 1mm in diameter. Tubes 

were then filled with additional DMEM then centrifuged at 100X g for 30 seconds to 

generate apparent pelleted and floating fractions. A syringe with 18 gauge needle was 

used to draw out the DMEM from each tube without disturbing the tissue pellet or 



removing the floating minced tissue. Each tube was then filled with DMEM containing 

1%BSA and 2mg/mL collagenase (Type II, Worthington), mixed by hand inversion, and 

then agitated at 37 OC for 60 minutes. Following centrifugation at 100X g for 30 

seconds, isolated adipocytes floating at the liquid-air interface of the media were 

transferred to a new pre-weighed tube, weighed, then 500 µL of RLT buffer (Qiagen, 

RNEasy kit) with 1% β-mercaptoethanol was added to each tube. Tubes were then 

vortexed, homogenized by passage through a 22 gauge needle 8 times, and then snap 

frozen and stored at -80 OC until RNA extraction. The remaining tissue and media was 

spun for 2 min at 2300X g, the supernatant was removed, and 500 µL of RLT buffer with 

1% β-mercaptoethanol was added to the pelleted non-adipocyte cells. This non-

adipocyte fraction was homogenized with an electric hand-held tissue homogenizer and 

then frozen at -80 OC until RNA extraction (Qiagen, RNEasy kit).  

Statistical Analyses 

Measurement of circulating factors and food/caloric consumption: 

Differences were assessed for measurements of circulating factors using a t-test. 

Quantitative RT-PCR: For each target gene, a mixed-effects ANOVA model was fitted 

with Ct as the response variable; housing type, gene type (target or reference), and 

housing by gene interaction as the fixed effects; and mouse as the random effect. A 

linear contrast was then constructed to estimate ΔΔCt and its confidence interval, and 

the results were exponentiated to obtain the estimate of 2−ΔΔCt and its confidence 

intervals. Analyses were performed in SAS 9.2. Adipocyte glucose consumption and 

lipogenesis: Lipogenesis and glucose consumption with +/- insulin between adipocytes 

harvested from isolated and group-housed mice were compared using the Wilcoxon 

ranksum test. Leptin measurements: ELISA differences were assessed using the 

Wilcoxon ranksum test.  Cyclophilin B - subtracted intensities in Western blot were 

compared using the Wilcoxon ranksum test. Pre-malignant SV40-TAg-mammary 

epithelial cell proliferation: Data were analyzed using a linear regression model with 

log-transformed absorbance as the response variable, and treatment (group-housed, 

isolated or control media), time, (time)2 and time × treatment interaction as predictors. A 

generalized F-test was used to test the composite hypothesis of no difference between 



treatment and time × treatment, effectively comparing the entire time-course curves. 

Behavior assessment and social environment: Vigilance times were compared 

between experimental cohorts using the logrank test. Tumor measurements: Time to 

tumor onset groups were compared using the logrank test. Tumor incidence was 

compared between groups using Fisher’s exact test.  Tumor burden at 18 weeks was 

compared using the Wilcoxon ranksum test. Changes in tumor burden over time were 

compared using a repeated measures analysis of variance model with time from tumor 

onset, housing condition, and their interaction as fixed effects, and individual mouse as 

a random effect.  AR(1) covariance structure was used to model correlation between 

serial measurements. Tumor burden was log-transformed to satisfy the normality 

assumption. Metabolic cages: Differences between housing conditions were analyzed 

separately for active and inactive phases of the circadian sleep-wake rhythm using a t-

test. 

 

Supplemental Figure Legends 

Supplemental Table 1. TAg gene expression analysis. A summary of the raw Q-RT-PCR data 
obtained from isolated and grouped TAg animals’ gonadal fat and from cells following 
mammary gland fractionation. Data are depicted in figure 2.  
 
Supplemental Table 2: Metabolic cage measurements of isolated vs. grouped TAg and CD1 
mice. A summary of the metabolic cage analysis for grouped and isolated female TAg and 
CD1 mice, as depicted in Supplemental Figure 2. Mean values for 30 minute measurements 
during active and inactive periods +/- standard error of the mean are reported.   
 
Supplemental Table 3: WT and CD1 gene expression analysis. A summary of the raw Q-RT-
PCR data obtained from isolated and grouped WT and CD1 animals’ mammary glands and 
gonadal fat and depicted in figure 3.  

Supplemental Table 4: Measurements of circulating metabolic parameters, food 
consumption, and weights in grouped vs. isolated CD1 female mice. Circulating markers 
were obtained from 15wk old animals (4 group-housed, 4 isolated). Data indicate means 
+/- standards deviation, with p-value obtained using a student’s T-test.  

Supplemental Figure 1.  Tumor and behavior measurements from isolated and group housed 
mice between 11-17 weeks of age. A, Relative palpable tumor incidence of isolated and 
grouped mice 11-17 weeks. B, Average tumor volume per affected mouse by 18 weeks of age: 
socially isolated vs. group-housed mice (*p<0.01; Wilcoxon rank sum test, +/- standard 



deviation). C, Isolated mice displayed a greater vigilance (longer latency to leave home base), 
compared to group-housed mice (p<0.0001; log-rank test; 16 weeks of age).  
 
Supplemental Figure 2. Metabolic cage data for isolated vs. grouped TAg and CD1 mice. At 
15 weeks of age (15 weeks and 18 weeks for TAg mice), three isolated and three group-
housed mice were placed in individual metabolic cages. Results were analyzed for days six 
and seven, following five days of acclimation. 

Supplemental Figure 3. Leptin response in M27H4 cell line and leptin receptor protein 
expression in TAg cell line and tumors.  A, Mouse recombinant leptin was added to 
serum-free or 10% FBS media at the indicated concentrations (100ng/mL-10ug/mL) and 
total cell protein was measured following 72 or 96hrs in culture using the SRB assay. B, 
A western blot was performed on tumors from 21wk old grouped and isolated SV40-Tag 
animals and the M27H4 cell line. Gonadal fat from a single TAg animal was used as a 
positive control. The long (required for full leptin receptor activity) and short forms of the 
leptin receptor are indicated. Adiponectin, an adipocyte-specific protein, was probed to 
ensure leptin receptor protein was specific to the tumors and not from infiltrating 
adipocytes.  


