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Table S1. Meta-COPA Analysis of Seven Prostate Cancer Gene Expression Profiling Data 
Sets in Oncomine. Genes were ranked by the number of studies in which they scored in the top 
100 outliers (ranked by COPA) at any of the three predefined percentile cutoffs (75th, 90th, and 
95th). Genes were further ranked by their average COPA rank (Avg. Rank) in studies in which 
they ranked in the top 100. 

 



 



 



 



 



 



 



 
 
Figure S1. Meta-Outlier Genes Showing Overexpression in Benign Prostate Tissue and 
ETS-Positive Prostate Cancers 
Meta-outliers, as indicated in Table 1, were analyzed for exclusive overexpression in prostate 
cancer compared to benign prostate tissue and mutually exclusive overexpression with ERG and 
ETV1.  

(A) The expression of meta-outlier genes ORM (ranked 4th) and NEB (ranked 7th) in normalized 
expression units are shown from the indicated studies, according to the sample classes described 
in Figure 1, revealing outlier-expression in multiple benign samples.  

(B) The expression of the 3rd ranked meta-outlier gene GPR116 (left panels) and scatter plots of 
GPR116 vs. ERG (right panels) for all profiled samples in two studies shows co-outlier 
expression of GPR116 and ERG in multiple samples.  



 



Figure S2. Overexpression of SPINK1 in Prostate Cancer Compared to Benign Prostate 
Tissue and Mutually Exclusive Overexpression with ERG and ETV1 in DNA Microarray 
Studies 
The expression of SPINK1 and scatter plots of SPINK1 vs. ERG and SPINK1 vs. ETV1 (if 
measured) for five studies profiling distinct classes of prostate tissue (A) and two studies 
profiling prostate cancers as part of multi-cancer studies (B) are shown as in Figure 1. Outlier-
expression is delineated by the dashed gray lines (See Experimental Procedures). SPINK1 vs. 
ETV1 is not shown for the expO study, as no samples showed ETV1 overexpression.  



 
 
Figure S3. Overexpression of SPINK1 in Prostate Cancer Compared to Benign Prostate 
Tissue and Mutually Exclusive Overexpression with ERG and ETV1 
Scatter plots of ERG vs. SPINK1 (left panel) and ETV1 vs. SPINK1 (right panel) by qPCR in 10 
benign prostate samples (blue), 54 localized prostate cancers (PCa, red) and 7 metastatic (Met) 
PCa samples (green). Log of Target gene normalized to the average of HMBS+GAPDH are 
plotted. Outlier-expression is delineated by the dashed gray lines (See Experimental Procedures).  

 
 
 
 
 

 
 

Figure S4. Knockdown of SPINK1 in 22RV1 Prostate Cancer Cells Attenuates Invasiveness 
SPINK1 mediates invasiveness in 22RV1 cells. 22RV1 cells were treated with transfection 
reagent alone (untreated), or transfected with non-targeting or siRNA against SPINK1 as in 
Figure 5, or two additional siRNAs directed against SPINK1 (SPINK1-b, -c), and cells were 
assayed for invasion. Mean (n = 3) + SEM are shown, and P values < 0.05 are indicated by 
asterisks.  



 
 
Figure S5. qPCR Confirmation of Genes Differentially Expressed upon SPINK1 
Knockdown in 22RV1 Cells 
22RV1 cells were transfected with siRNA against SPINK1 (siRNA siSPINK1) or non-targeting 
control siRNA (NT siRNA). Total RNA was isolated and expression profiling was performed 
using the Agilent Whole Human Genome Oligo Microarray (GPL4133). Differentially expressed 
features are indicated in Table S4. Selected overexpressed (A) and underexpressed (B) genes in 
22RV1 siSPINK1 cells were assessed by quantitative PCR as shown. The amount of target gene 
in each sample was normalized to the amount of GAPDH. Mean (n = 3) + SEM are shown, and p 
values are indicated.  



 
 

Figure S6. Identification of Genes Showing Coexpression with SPINK1 across Multiple 
Prostate Cancer Profiling Studies 
Genes showing coexpression with SPINK1 (R > 0.5) from the prostate cancer profiling studies 
included in the Meta-COPA analysis. SPINK1 was queried in the Oncomine database using the 
coexpression module. For each study, all genes showing R > 0.3 are listed, along with the 
corresponding feature identification. SPINK1 is indicated in red. Genes showing R > 0.3 in 
multiple studies are indicated in blue. 



 
 



Figure S7. Meta-Outlier Analysis Summary 
COPA analysis was performed on 7 prostate cancer gene expression data sets in Oncomine 3.0 
(www.oncomine.org).  

(A) First, for each data set considering all samples, gene expression values (in Oncomine 
normalized expression units) are median-centered per gene, setting each gene’s median 
expression value to zero. Each bar in the figure represents an individual sample. Second, the 
median absolute deviation (MAD) is calculated per gene and scaled to 1 by dividing each gene 
expression value by its MAD. Of note, median and MAD are used for transformation as opposed 
to mean and standard deviation so that outlier expression values do not unduly influence the 
distribution estimates, and are thus preserved post-normalization.  

(B) Third, for each gene in each data set, COPA scores are computed as the 75th, 90th and 95th 
percentile of the transformed gene expression values. Thus, each gene in each data set has 3 
COPA scores, one at each percentile value, representing the degree of overexpression in 
decreasing subsets of cases. The expression of SPINK1 (outlier profile) and AMACR (typical 
biomarker profile) from the Glinsky et al. study are shown in the left and right panels, 
respectively.  

(C) Fourth, in each data set, all genes are rank-ordered by the 3 COPA scores, generating 3 rank-
ordered lists of genes per data set.  

(D) Fifth, for each data set, we defined outlier genes as those that ranked in the top 100 COPA 
scores in any one of the 3 rank-ordered lists. Sixth, to identify “meta-outlier” genes, we ranked 
genes by the number of data sets where the gene was identified as an outlier gene. Genes 
identified as outliers in the same number of studies were further ranked by their average outlier 
rank across those studies. 



 
 



Figure S8. Identification of Samples Showing Outlier Expression  
To identify individual samples showing outlier-expression in each microarray data set, we used a 
two step process to recreate the visual identification of the natural “gap” between non-outlier and 
outlier samples. First, gene expression values for all prostate samples in the data set (excluding 
metastatic prostate cancer) were median centered. Next, all samples were rank ordered in 
ascending order and the difference between each rank ordered sample and the preceding sample 
was calculated. The difference, or gap, between visually identified non-outlier and outlier 
populations in all studies for ERG ranged from 0.22 to 1.0 (median 0.63). Hence, we defined the 
first sample with a positive median centered value and greater than 0.22 normalized expression 
unit gap compared to the preceding sample as the transition to samples with outlier expression. 
Similar gaps were observed for ETV1 and SPINK1 gene expression values and the same criteria 
(positive median centered value and greater than 0.22 unit gap) was used to define the outlier 
population. Median centered expression values (in normalized expression units, z-scores) for 
SPINK1, ETV1 and ERG from the “Glinsky_prostate” data set are plotted in black. The 
difference between each sample and the preceding sample are plotted in red. The 0.22 gap 
threshold is shown in the dashed red line. Outlier populations defined by this method are 
indicated in blue. Range and Median gap values for each gene in all data sets is given. No gap > 
0.22 units was identified for ETV1 in the GSE2109 data set. 


