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eMethods 

 
CLINICAL AND PATHOLOGICAL DATA  
          Demographic data and medical history were recorded including age, sex, weight, surgery performed 
and final diagnoses.  Post-operative pathology reports for those individuals with an imaged renal mass 
provided cell type, size, tumor stage/node metastases/distant metastases (TNM), and Fuhrman grade.   

AQP1 ELISA 

          Thawed urine was vortexed to resuspend urine exosomes and centrifuged (1800g for 10 minutes) to 
remove debris (exosomes remain in suspension at this low speed) before processing for ELISA or Western 
blot analysis. The urine creatinine concentration was quantified by the Jaffe reaction.20,21,23  For the ELISA 
assay, the urine was diluted at least 1 to 10 with a standard ELISA buffer of phosphate buffered saline 
(PBS) (Fisher BioReagents BP665-1) containing 1% bovine serum albumin (Sigma Chemical either A9647 
or A7030) and 0.1% Tween-20 (Sigma Chemical P9416). The ELISA wash buffer consisted of PBS 
containing 0.05% Tween-20. Human recombinant AQP1 was purchased from Abnova (Taipei City, 
Taiwan) as the N-terminal glutathione S-transferase conjugate and used to formulate a standard curve. The 
AQP1 assay is insensitive to human aquaporin-2 up through 1000 pg/ml of aquaporin-2 (Abnova). The 
assay was performed using Nunc Immuno MaxiSorp 439454 96-well plates with standards and samples in 
duplicate. A horseradish peroxidase-linked anti-rabbit antibody (R&D Systems HAF008) and 3,3’,5,5” 
tetramethylbenzidine (Sigma-Aldrich, T0440) was used to quantify the AQP1 analyte with the reaction 
quenched with 0.1 N HCl and absorbance determined at 450nm.  The lower limit of AQP1 detection 
(LLoD) in this assay was 7.1 ± 1.6 pg/ml (mean and standard deviation) over a concentration range up to 
100 pg/ml. Inter- and intra-assay variation was 3.9 ± 3.2% and 3.8 ± 3.4%.  Assay results were normalized 
to the urine creatinine concentration. Random reanalysis of samples agreed within 7%. 
          For the Western blot analysis of PLIN2, urine proteins were precipitated by 15 volumes of 
acetone/methanol (1:1) and then dissolved in an amount of sodium dodecyl sulfate (SDS) sample buffer 
such that the 5 μL of sample applied to the gel reflected the amount of urine containing 10 μg of 
creatinine.20,23 The blocked membranes were incubated with a 1:200 dilution of anti-ADFP (PLIN2) (H-80) 
antibody from Santa Cruz Biotechnology Inc, Santa Cruz, CA in blocking buffer that contained 0.1% 
Tween-20 overnight. After washing, the membranes were incubated with a 1:2000 dilution of donkey anti-
rabbit IgG IRDye 680 (LICOR Biosciences, Lincoln, NE) in blocking buffer with 0.1% Tween-20 for 1 
hour. PLIN2 was visualized and quantified using an infrared imager (Odyssey Infrared Imager; LI-COR) 
and proprietary software. The response of PLIN2 was linear over the range of concentrations found in 
patient urine. PLIN2 was quantified using relative absorbance units and normalized to urine creatinine 
excretion. The inter-assay variation from gel to gel was 9%.2020,23,31 Random reanalysis of samples agreed 
within 10%. Extracts of two patients, positive for kidney cancer, were included on each gel for quality 
control for gel-to-gel reproducibility. 

STATISTICAL ANALYSIS 
Sample size calculations were based on results from the control group of a previous study using 

the mean and standard deviation of the urine AQP1 and PLIN2 concentrations.20 To detect a 2-fold 
(conservative assumption) increase in biomarker concentrations above control in patients with RCC would 
require 18 patients for AQP1 and 10 for PLIN2 to attain 90% power based on a two-sided t-test at a 0.01 
significance level). Based on an institutional history of incidental discovery of two patients with an imaged 
renal mass per 1,000, we anticipated finding one-two such patients in the screening protocol, and to be 
subsequently diagnosed with RCC.  

Non-normally distributed variables were expressed as median with interquartile range or 95 
percentile and normally distributed variables were as mean ± standard deviation. Comparisons of age were 
performed between all patient groups by one-way ANOVA with posthoc Tukey’s honest significant 
difference test for two group comparisonsComparison of sex between groups was performed using the Chi-
square test.  Urine AQP1 and PLIN2 concentrations were compared in patients using the Kruskal-Wallis 
test with posthoc Bonferroni adjustment for group comparison.   

Receiver operating characteristic (ROC) analysis was performed for each biomarker individually 
using a nonparametric method.25 Since the prevalence of RCC is low,5 the cutoff of each biomarker when 
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comparing RCC to the healthy controls was set at the highest value of the healthy control patients to 
minimize the false-positive rate since the values of the two groups are non-overlapping. For the screening 
analysis, data for the 19 patients undergoing nephrectomy for an imaged renal mass and pathologically-
proven clear cell or papillary kidney cancer were compared to that of the screening patient population. Area 
under the ROC curve (AUC) for each biomarker individually was determined by the nonparametric 
trapezoidal method25 with the 95% confidence interval derived using the DeLong method  using the R 
package AMORE and the optimal cutoff for each marker was determined by maximizing the Youden 
Index. In addition, a logistic regression was used to model the binary outcome (RCC versus control) using 
AQP1 or PLIN2 alone or together (each median centered) to determine the AUC.25 Due to concern of 
extremely imbalanced groups, averaged AUC and 95% confidence intervals were also determined by a 
Monte Carlo resampling model comparing the urine biomarker levels of the 19 a priori patients in 
comparison to 19 randomly drawn patients from all 720 screened patients. The random resampling was 
performed 200 times. Irrespective of the analysis, all values were considered statistically significant at the 
0.05 level or less.  
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eTable 1. Patient Characteristics    
 Number Age (yr)* Age Range (yr) Male/Female 

Healthy Controls 80 58 ± 7 42 to 82 34/46 
CT screening, No Cancer History 334 60 ± 14 21 to 88 148/186 

CT screening, History of Cancer**  386 60 ± 12 30 to 87 152/234 
Known Kidney Cancer 19 64 ± 7 54 to 80 15/4 
* mean ± standard deviation  
 **Includes three subjects with incidentally discovered occult kidney cancer 
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eTable 2. Pathological data for the 19 prospective renal cell cancer patients. 
 Number % of Total 
Tumor histological subtype   
     Clear Cell 13 69 
     Papillary 5 26 
     Mixed (clear & chromophobe) 
 

1 5 

Post-op pT stage   
     pT1a 9 48 
     pT1b 4 21 
     pT2b 1 5 
     pT3 5 26 
        
Furhman grade   
     1 3 16 
     2 8 42 
     3 6 32 
     4 
 

2 
 

10 

Nodes   
     N0 18 95 
     N1 1 

 
5 
 

Metastasis at nephrectomy   
     No 18 95 
     Yes 1 5 
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eTable 3. 2x2 Table of elevated vs not elevated AQP1 and PLIN2 of screening population with or without 
a history of cancer. 

AQP1    

  Elevated Not Elevated Total 

Cancer History 56 330 386 

No Cancer History 35 299 334 

    

PLIN2    

  Elevated Not Elevated Total 

Cancer History 10 376 386 

No Cancer History 6 328 334 
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eTable 4.  Comparison between urine biomarker concentrations in patients with kidney cancer (clear cell and papillary) and other 
cancers.  Comparisons used the Kruskal-Wallis test with Bonferroni contrast. Results are the P values for between-group 
comparison. 
 AQP1 with 
Bonferroni 

Kidney Lung Prostate Colorectal Gastrointestinal Uterine Ovarian Pancreatic Lymphoma Breast Other 

Kidney                       

Lung <0.001                     

Prostate <0.001 1.00           

Colorectal <0.001 1.00 1.00          

Gastrointestinal <0.001 1.00 1.00 1.00         

Uterine <0.001 1.00 1.00 1.00 1.00        

Ovarian <0.001 1.00 1.00 1.00 1.00 1.00       

Pancreatic <0.001 1.00 1.00 1.00 1.00 1.00 1.00      

Lymphoma <0.001 1.00 1.00 1.00 1.00 1.00 1.00 1.00     

Breast <0.001 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00    

Other <0.001 1.00 1.00 1.00 0.827 1.00 1.00 1.00 1.00 1.00   

PLIN2 with 
Bonferroni 

           

  Kidney Lung Prostate Colorectal Gastrointestinal Uterine Ovarian Pancreatic Lymphoma Breast Other 

Kidney                       

Lung <0.001                     

Prostate   0.009 0.015           

Colorectal <0.001 1.00 1.00          

Gastrointestinal <0.001 1.00 0.067 1.00         

Uterine <0.001 1.00 0.760 1.00 1.00        

Ovarian <0.001 1.00 1.00 1.00 1.00 1.00       

Pancreatic <0.001 1.00 1.00 1.00 1.00 1.00 1.00      

Lymphoma <0.001 1.00 0.017 1.00 1.00 1.00 1.00 1.00     

Breast <0.001 1.00 0.004 0.475 1.00 1.00 1.00 1.00 1.00    

Other <0.001 1.00 0.090 1.00 1.00 1.00 1.00 1.00 1.00 1.00   
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eFigure 1. Urine (A) AQP1 (ng/ml urine) and (B) PLIN2 (absorbance/ml urine) concentration in individual patients enrolled between 
February and December 2012.  Concentrations are shown for each of the 720 patients with a history or not of cancer (open circles) and 
the 19 patients with confirmed kidney cancer (clear cell or papillary subtypes) (filled circles).  Three of the 720 screened patients 
(shaded circles) were subsequently found to have an imaged renal mass based on their CT. The dotted lines represents the cutoff 
values (96 ng/mg urine creatinine for AQP1 and 9.8 absorbance/mg urine creatinine for PLIN2) derived from the receiver operating 
characteristic analysis shown in Figure 4.  

eFigure 1A  Urine AQP1Concentration by Volume

 

eFigure 1B  Urine PLIN2 Concentration by Volume 
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eFigure 2.  Correlation between imaged tumor size and urine biomarkers in the 22 patients with confirmed kidney cancer (clear cell or 
papillary subtypes). This includes the 19 patients with known RCC (filled circles) and the 3 from the screening population with an 
incidentally discovered renal mass (open circles). (A) AQP1 concentrations (Spearman correlation coefficient 0.72, P<0.001) or (B) 
PLIN2 concentrations (Spearman coefficient 0.74, P<0.001).  

eFigure 2A Urine AQP1 Concentration by Tumor Size, All Imaged Renal Masses 

 

eFigure 2B  Urine PLIN2 Concentration by Tumor Size, All Imaged Renal Masses 
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