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SUPPLEMENTARY METHODS 

Comparative Meta-Profiling   

Nine previously published bladder cancer microarray profiling datasets and three 

multi-cancer microarray profiling datasets (Supplementary Table 1) were uploaded into 

Oncomine, representing 631 samples, measuring between 1,168 and 59,619 genes.  

Values from all data sets were log-transformed and median-centered.   

T-tests conducted in Oncomine to assess for differential expression between 

classes were two-sided for differential expression analysis and one-sided for over-

expression analysis.  To account for multiple hypothesis testing, Q values (estimated false 

discovery rates) were calculated as the estimated number of false positives / number of 

called positives at a given p value (1).  

Meta profiling is an automated process and proceeds along the following 

algorithm based upon the minimum meta-false discovery rate (mFDRMIN) method as 

previously described (2). Briefly, after choosing similar differential expression analyses, 

the direction and significance threshold are set to define the differential expression 

signatures from the pre-computed differential expression analyses, e.g. genes over-

expressed in high grade versus low grade cancer at a threshold of 0.10 with a false 

discovery rate, Q, < 0.10.  For each clinical category, a meta-profile of significantly up- 

and down-regulated genes is created.  The genes are then sorted based on the number of 

meta-profiles in which they are present and a meta-signature is defined if there are 

significantly more genes intersecting a given number of meta-profiles than would be 

expected by chance, as defined by a random simulation.  Two meta-profiles were created 

for each of seven clinical categories: one list incorporated more studies and tolerated a 
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less significant threshold and a second list allowed for differential expression in fewer 

studies while requiring a more significant differential expression (Supplementary Table 

2).  Based on the idea of clinically aggressive or indolent bladder cancer, these lists were 

compared for overlap and pared into a single meta-signature of up- and down-regulated 

genes in aggressive disease. With the addition of housekeeping, outlier, and historic 

marker genes, this resulted in a meta-signature of 96 genes whose assays were pre-loaded 

onto the TLDA card (Supplementary Table 3).  

Sample Preparation 

RNA Extraction 

 Frozen tissue blocks were retrieved from the University of Michigan bladder 

tumor bank, and had been previously pathologically reviewed to ensure adequate tissue 

and tumor representation.  RNA isolation was performed using Trizol extraction 

(Invitrogen, Carlsbad, CA), and total RNA content was measured.  Two micrograms of 

RNA was used for reverse transcription into cDNA, then purified with a Microcon YM-

30 centrifugal filter device (Millipore Corp., Billerica, MA).  This final cDNA was split 

into two aliquots of one microgram each; one aliquot was loaded onto the TLDA cards, 

and one stored at -80oC.   

QPCR Reproducibility 

To assess reproducibility across TLDA card batches, one microgram of stored 

frozen cDNA from 16 samples run on the first three card sets (four samples from the first 

set, eight samples from the second set, and four samples from the third set) were re-run 

on cards from the fourth set.   
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Benign 

A hematoxylin and eosin (H&E) slide was generated from each frozen block for 

evaluation, and epithelium-rich areas were marked for microdissection.  Microdissection 

of these areas was performed from the frozen block with a scalpel, using the noted area 

on the H&E slide as a guide.   RNA extraction was performed with the Qiagen miRNeasy 

Mini Kit (Germantown, MD).  Two micrograms of RNA was processed further in an 

identical manner to the frozen bladder tumor specimens, and one microgram of cDNA 

from each benign specimen was loaded onto the TLDA cards.   

Molecular Concepts Map 

 The MCM consists of various molecular concepts, or sets of biologically related 

genes, used for association analysis.  Concepts consist of three general types: 1) 

microarray-based gene expression profiles (from published data in the literature or from 

Oncomine analysis), 2) computed biological regulatory networks, and 3) gene and protein 

annotations from external databases.  Microarray-based gene expression profiles derive 

from both normal and cancer tissue studies.  Gene and protein information includes 

chromosome location, biological processes, signaling and metabolic pathways, and 

protein families, interactions, and complexes.  Computed networks were derived from 

transcription motifs and conserved promoter and 3’UTR elements (3).  A gene set is 

uploaded, and pairwise associations are generated between the gene set of interest and all 

selected concept types.  Each association is assigned a p-value, with details of gene 

overlap between the sets, if applicable.  

Tissue Microarray and Immunohistochemistry 
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A bladder cancer progression TMA was constructed from 41 cases representing 

benign bladder tissue, bladder CIS (carcinoma in situ), bladder cancer (non-invasive and 

invasive), and bladder cancer lymph node metastases.  Three cores (0.6 mm in diameter) 

were taken from each representative tumor focus confirmed by two surgical pathologists 

(R.M. and L.P.K.). All tissues were derived from the University of Michigan bladder 

cancer database with informed consent of the patients and prior institutional review board 

approval.   

Cases with staining in any cancerous epithelial cells were deemed positive.  

Overall ACTN1 and CDC25B expression was scored in a blinded fashion by two 

pathologists (R.M. and L.P.K.) as negative (score = 1), weak (score = 2), moderate (score 

= 3), or strong (score = 4); scoring was based on the staining intensity and percentage of 

cells exhibiting that staining intensity, using a previously-validated system (4, 5).  

Product scores (intensity x percentage values) were calculated for all tissue cores, and the 

median product scores were determined for specific tissue types. These values were used 

in subsequent statistical analyses. 

 

SUPPLEMENTARY RESULTS 

QPCR Reproducibility 

Median correlation of the log-transformed gene expression values was 0.988 

across 16 re-run samples (range 0.924-0.997), indicating high QPCR result 

reproducibility across batches (Supplementary Fig. 1). 

Univariate Associations between Clinical Variables and Progression 
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Of the clinical variables investigated (age, gender, pathologic stage, histological 

grade, and associated CIS), the only significant predictor of progression was pathologic 

stage (p=0.01; Supplementary Table 4).  Histological grade (high versus low grade) 

approached significance as a predictor of T2 progression (p=0.08) on univariate analysis; 

but when examined within patients of a single stage (Ta or T1), grade did not represent a 

significant predictor of progression [Ta (p=0.27), T1 (p=0.91)].  Indeed, the observed 

association between grade and progression is driven by the strong association between 

histological grade and pathologic stage in this cohort (Fisher exact test: p < 0.0001). 

Prediction Quality as a Function of Gene Set Size 

 In developing the gene signature for prediction of progression to T2 disease, the 

use of different p-value cutoffs (p<0.01, p<0.005, and p<0.001) resulted in different 

numbers of genes that significantly differentiated between T2 and non-T2 patients.  We 

investigated the predictive ability of each of these gene sets using the same procedure we 

used for the 57-gene set (Supplementary Table 5).  While performance within the subset 

of stage Ta patients was relatively independent of gene set size, using fewer genes 

resulted in poorer performance of the signature for T1 patients.  Making effective 

predictions with a smaller number of genes is likely to be possible, as can be seen by 

examining the gene weights in Supplementary Table 6; several genes contribute more 

strongly to the signature than others.  However, because the original set of 90 profiled 

genes represented a meta-signature of aggressive behavior in bladder cancer across 

multiple microarray studies, it is likely that many of the down-weighted genes from our 

57-gene signature may still play an important role in prediction of progression to T2 

disease.  Thus, we have reported our larger more robust gene set rather than making 
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further attempts to arrive at a parsimonious signature, and it is likely that further 

validation studies will tailor the signature to a smaller, essential set of genes. 

Development of the Gene Signature and Details of the Cross-Validation Procedure 

 Development of the 57-gene signature involved the following steps.  First, each of 

the 90 non-housekeeping genes was evaluated in its ability to discriminate the 34 T2 

patients from the 62 non-T2 patients by performing univariate Wilcoxon tests, and genes 

with p-values < 0.05 were retained.  Second, each gene’s expression data [under the 

transformation: log(expression+1)] was truncated at the third standard deviation in the 

upward direction and this modified data was used as the set of variables in principal 

components analysis for all 96 patients.  Third, the top 10 principal components, which 

explained 75% of the variance in the dataset, were used as predictors in a Cox regression 

model for these 96 patients, with T2 patients coded as having time-to-event = 0 because 

they had experienced their outcome at time of TURBT; the best Cox model was selected 

via backwards selection using AIC to discriminate between models.  Supplementary 

Table 6 details each gene incorporated into the final signature, with its initial meta-

signature class, p-value from univariate Wilcoxon rank-sum test, and ultimate algorithm 

weight in the signature.  The gene weights were computed by decomposing the linear 

predictor obtained from the Cox model, via the principal component weights, into 

components for each of the 57 genes.  

 32/37 (86.5%) over-expressed genes were predicted to be over-expressed in 

aggressive cancers from meta-profiling and the remainder were historic markers; 12/20 

(60%) under-expressed genes were predicted to be under-expressed from meta-profiling, 
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with seven historic markers or outliers and one gene, matrix metalloprotenaise 16 

(MMP16), initially predicted to be over-expressed.   

 Leave-one-out cross-validation was used to evaluate the predictive ability of this 

signature.  Because 34 patients had already progressed to T2 prior to TURBT, the cross-

validation procedure used these 34 patients only for training purposes.  Thus, the cross-

validation was performed as follows.  Each of the 62 non-T2 patients was, in turn, 

removed from the dataset, and data from the remaining 61 non-T2 patients and the 34 T2 

patients were used as a training set.  Each stage of the above procedure – gene selection 

using Wilcoxon tests (cutoff: p < 0.05), outlier truncation (above the third standard 

deviation for each gene), principal components analysis (retaining enough principal 

components to explain > 75% of the variance in the data), and selection of Cox models 

(backwards selection using AIC) – was repeated for this training set, and the resulting 

Cox model was used to evaluate the predicted probability of T2 progression within two 

years for the left-out patient.  In this way, estimates of each patient’s probability of T2 

progression were obtained using a model that was built without the use of that patient’s 

expression data.  

MCM Analysis 

Supplementary Figure 2 demonstrates that the set of 37 over-expressed genes 

showed the most significant overlap with bladder cancer datasets versus other cancer 

types, indicating a mostly bladder cancer-specific transcriptional program.  Furthermore, 

this over-expressed gene set overlapped with cell adhesion and extracellular matrix 

invasion pathways as well as cell cycle regulation and mitosis, confirming the importance 

of these programs in progression to muscle invasion in bladder cancer (6).  Specifically, 
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the first subset of 25 genes in the larger set of 37 over-expressed genes demonstrated 

greater enrichment with the extracellular matrix and cell adhesion concepts, while the 

second subset of 12 genes demonstrated significant overlap with the mitosis concept.  Of 

other cancer types, genes that distinguish invasive breast ductal carcinoma from ductal 

carcinoma in-situ overlap with the set of 37 over-expressed genes as well as the cell 

adhesion concepts, implicating adhesion-related genes in both cancers.  The over-

expressed genes in T2 disease also demonstrated overlap with over-expressed genes in 

other advanced stage or metastatic cancers, including stage IV lung adenocarcinoma, 

head and neck squamous cell carcinoma nodal metastases, and metastatic ovarian 

carcinoma.  While these overlaps were less significant than those with other bladder-

related concepts, this supports the involvement of common genes in progression across 

various cancer types.     

For the under-expressed set of 20 genes, these demonstrated again most 

significant overlap with bladder cancer datasets, and overlap with under-expressed genes 

in poorly differentiated lung adenocarcinoma (Supplementary Figure 3).  The under-

expressed genes also demonstrated overlap with genes under-expressed in invasive breast 

ductal carcinoma versus ductal carcinoma in situ, providing further support for gene and 

pathway commonality between these two phenomena.  Several concepts related to 

resistance of chemotherapy also arose, including those genes over-expressed in cell lines 

resistant to gemcitabine and adriamycin.  These chemotherapeutic agents are used in 

adjuvant/neoadjuvant treatment of metastatic bladder cancer [with the MVAC 

(methotrexate/vinblastine/adriamycin/cisplatin) or gemcitabine/cisplatin standard-of-care 

protocols], and tumors with relative under-expression of these overlapping genes may 
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possess a chemosensitivity to these agents.  Finally, included in the list of down-regulated 

genes are several well-known tumor suppressors, including p53 and RB1 (retinoblastoma 

1).  

Up-Regulated Gene Details 

Up-regulated genes in this signature map showed the most significant overlap 

with bladder cancer datasets (p-value of enrichment with bladder cancer node status, 4.3 

x 10-33) versus other cancer types (p-value of highest enrichment with head and neck 

squamous cell carcinoma lymph node metastases, 7.4 x 10-16), implicating a bladder-

specific program.   Specifically, Cluster 1A of this gene set enriched for pathways of 

extracellular matrix cell adhesion (with an overlap of nine genes: CDH11, POSTN, 

COL6A3, FN1, TNC, CYR61, CCL11, THBS2, and ADAM12), while Cluster 1B 

demonstrated more overlap with cell cycle and mitosis pathways (five genes: KIF2C, 

UBE2C, CCNB2, CDC6, and CDC25B).  

In terms of this gene set overlapping with the literature-define concept of genes up-

regulated in invasive ductal carcinoma versus ductal CIS, the association had a p-value of 

2.7x 10-16 and overlap of 12 genes (CDH11, POSTN, COL6A3, CSPG2, FAP, FN1, 

CYR61, MFAP2, MMP11, NNMT, SPARC, THBS2, CALD1, and ADAM12).   

Down-Regulated Gene Details 

Down-regulated genes again demonstrate the most significant overlap with 

bladder cancer datasets (p-value of enrichment with bladder cancer N1-2 disease, 1.3 x 

10-12) versus other cancer types (p-value of enrichment with poorly differentiated lung 

adenocarcinoma, 5.8 x 10-4).  The overlap with genes down-regulated in invasive ductal 
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carcinoma versus ductal CIS consisted of three genes (ERBB3, ERBB4, and MMP10) 

and had a p-value of 5 x 10-5. 

IHC 

 IHC was performed to investigate ACTN1 and CDC25B protein expression on 

bladder cancer progression TMA.  Again, ACTN1 showed a significant differential 

expression between normal bladder tissues and non-invasive tumors versus invasive and 

metastatic tumors (Scheffe: p =0.002), with an estimated mean difference of 129 product 

score units (95% CI: 46, 212).  The most significant individual group comparison 

difference was between the non-invasive and either invasive or metastatic groups 

(Tukey’s HSD: p=0.003 for each).  On the same progression TMA, CDC25B 

demonstrated a more gradually increasing trend from normal to non-invasive to invasive 

to metastatic bladder cancer; pairwise between-group comparisons revealed higher 

CDC25B expression in the more severe diagnosis group without exception.  Therefore, 

CDC25B expression was assumed to exhibit a linear trend by diagnosis group, resulting 

in a simpler model (F-test for linear trend vs. general ANOVA model: p = 0.97).  

CDC25B mean product scores increased by 56 product score units (95% CI: 28,83) 

between each diagnosis group.  This increase was highly significant (p=0.0002), 

confirming the gradual upward trend of CDC25B expression with disease severity. 

 

SUPPLEMENTARY DISCUSSION 

IHC Candidates 

ACTN1 is a member of the spectrin gene superfamily of cytoskeletal proteins, 

and is involved in cross-linking actin in various cell types (7).  It is also thought to be an 
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important upstream component of the mechanical response pathway mediating pressure-

stimulated cell adhesion in colon cancer (8), and in colon, bladder, and prostate cancers, 

has been identified as possessing a tumor-specific splice variant (9).  In bladder cancer, 

the change in splicing pattern is more pronounced in T2 versus Ta tumors, suggesting an 

ability to utilize ACTN1 in stage separation.  In our study, ACTN1 protein expression 

was also significantly different between non-muscle-invasive and invasive or metastatic 

bladder cancers.    

CDC25B is a member of the CDC25 phosphatase family of proteins, which 

activate cyclin-dependent kinases to regulate progression through the cell cycle.  They 

are also important in the checkpoint pathways activated in response to DNA stress to 

prevent further cell division and growth (10).  CDC25B protein overexpression, in 

particular, has been associated with several cancer types, including colorectal (11), 

gastric (12), endometrial (13), and prostate cancer (14).  However, no definitive studies 

have been published on CDC25B in bladder cancer explicitly, other than its initial 

inclusion in the top 200 gene markers distinguishing progressive non-muscle-invasive 

bladder cancers (15).  In that microarray study, CDC25B gene expression is up-regulated 

in tumors which progress, correlating with the gradually up-regulated protein expression 

on IHC seen in our study.   
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SUPPLEMENTARY FIGURE LEGENDS 
 

Supplementary Figure 1: Gene Expression Reproducibility Across Batches 

Frozen cDNA from 16 samples run on the first three card sets (four samples from the first 

set, eight samples from the second set, and four samples from the third set) were re-run 

on cards from the fourth set.  The median correlation of log-transformed gene expression 

values for these 16 samples was 0.988 (range 0.924-0.997), indicating high QPCR 

reproducibility across batches. 

 

Supplementary Figure 2: Molecular Concept Maps of Signature Genes  

Network view of molecular concepts map analysis of over-expressed (A) and under- 

expressed (B) genes (black nodes) in the final 57-gene signature.  Each node represents a  

molecular concept or set of biologically related genes.  The node color indicates a 

specific type of molecular concept, and the node size is proportional to the number of  

genes in that set (reference node size for 150 genes provided).  Of note, the node sizes for  

the over-expressed and under-expressed genes only have been enlarged for improved  

visualization. Each edge represents a statistically significant enrichment (p<1x10-4), with 

the most significant enrichment edge bolded for each molecular concept type.   
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SUPPLEMENTARY TABLES 

Supplementary Table 1:  List of 9 bladder cancer and 3 multi-cancer microarray studies 

used for comparative meta-profiling to generate a bladder cancer meta-signature.   

 

Oncomine Study Name Lead Author PMID GEO Accession # or Data 

Link 

N No.  

Genes 

Bladder Cancer Studies 

Blaveri_Bladder_3 Blaveri E 15930339 http://cc.ucsf.edu/people/wa

ldman/Blaveri.html 

83 10368 

Dyrskjot_Bladder_3 Dyrskjot L 15173019 GSE3167 60 22215 

Dyrskjot_Bladder_4 Dyrksjot L 12469123 GSE88, GSE89, GDS184, 3 74 7129 

Dyrskjot_Bladder_5 Dyrksjot L 15930337 http://clincancerres.aacrjour

nals.org; http://www.mdl.dk 

29 59619 

Lindgren_Bladder Lindgren D 16532037 www.nature.com 75 7955 

Modlich_Bladder_2 Modlich O 15161696 www.cancertoday.com 9 22215 

Modlich_Bladder_3 Modlich O 15161696 www.cancertoday.com 54 1168 

Sanchez-

Carbayo_Bladder_2 

Sanchez-

Carbayo M 

16432078 www.jco.org, Supp Table 

10 

157 22215 

Stransky_Bladder Stransky N 17099711 www.nature.com; 

http://microarrays.curie.fr/p

ublications/oncologie_mole

culaire/bladder_TCM 

57 8555 

Multi-Cancer Studies 

Bittner_Multi-cancer n/a n/a International Genomics 

Consortium’s expO data set 

GSE2109 

14 54675 
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Ramaswamy_Multi-

cancer 

Ramaswamy S 11742071 http://www-

genome.wi.mit.edu/MPR/G

CM.html 

11 14018 

Su_Multi-cancer Su AI 11606367 http://www.gnf.org/cancer/e

pican 

8 10896 

                                                                                                                                   Total 631 241298 
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Supplementary Table 2:  Clinical category meta-profiles created with comparative 

meta-profiling. Number of genes included was determined by applying the minimum 

number of studies with significance above the p-value cutoff. 

 
Clinical State Expression Size of list Number of genes Study inclusion cutoff p-value 
HG 
 Up Small 90 6 of 8 0.05 
  Large 205 5 of 8 0.05 
 Down Small 28 6 of 8 0.05 
  Large 145 5 of 8 0.05 
Progression 
 Up Small 46 3 of 4 0.05 
  Large 152 2 of 4 0.02 
 Down Small 44 3 of 4 0.05 
  Large 206 2 of 4 0.03 
Invasion 
 Up Small 34 5 of 7 0.005 
  Large 194 4 of 7 0.008 
 Down Small 66 5 of 7 0.01 
  Large 153 4 of 7 0.005 
Recurrence 
 Up Small 23 3 of 5 0.05 
  Large 71 3 of 5 0.05 
 Down Small 8 3 of 5 0.05 
LN + 
 Up Small 44 3 of 3 0.02 
  Large 220 2 of 3 0.01 
 Down Small 32 3 of 3 0.05 
  Large 228 2 of 3 0.02 
DOD 
 Up Small 24 3 of 3 0.05 
  Large 195 2 of 3 0.04 
 Down Small 22 3 of 3 0.05 
  Large 201 2 of 3 0.03 
Poor Outcome 
 Up Small 6 6 of 8 0.05 
  Large 39 5 of 8 0.05 
 Down Small 6 6 of 8 0.05 
  Large 33 5 of 8 0.05 
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Supplementary Table 3: List of 96 genes and assay IDs pre-loaded onto the Taqman 

Low Density Array card; in the case that the assay ID maps to more than one RefSeq ID, 

the first is listed. 

 

Gene Symbol Full Name RefSeq ID Applied Biosystems, Inc. 

Assay Number 

Housekeeping 

ACTG2 Actin, beta NM_001101.3 Hs00242273_m1 

CYCS Cytochrome-C, somatic NM_018947.4 Hs01588974_g1 

GAPDH glyceraldehyde-3-phosphate 

dehydrogenase 

NM_002046.3 Hs99999905_m1 

SDHA succinate dehydrogenase 

complex, subunit A, 

flavoprotein (Fp) 

NM_004168.2 Hs00188166_m1 

TBP TATA box binding protein NM_003194.3 Hs00427620_m1 

18S (excluded) 18S ribosomal RNA NR_003286.1 Hs99999901_s1 

Up-Regulated 

ACTN1 Actinin, alpha 1 NM_001102.2 Hs00241650_m1 

ADAM12 ADAM metallopeptidase 

domain 12  

NM_003474.3 Hs01106104_m1 

AKAP2 A kinase (PRKA) anchor 

protein 2 

NM_001004065.3 Hs00200512_m1 

APOC1 apolipoprotein C-I NM_001645.3 Hs03037377_m1 

AURKA aurora kinase A NM_003600.2 Hs00269212_m1 

CALD1 caldesmon 1 NM_004342.5 Hs00189021_m1 

CALU calumenin NM_001219.2 Hs00154230_m1 



19 
 

CAV1 caveolin 1 NM_001753.3 Hs00184697_m1 

CCL11 chemokine (C-C motif) 

ligand 11 

NM_002986.2 Hs00237013_m1 

CCNB2 cyclin B2 NM_004701.2 Hs00270424_m1 

CD99 CD99 molecule NM_002414.3 Hs00365982_m1 

CDC25B cell division cycle 25 

homolog B 

NM_004358.3 Hs00244740_m1 

CDC25C cell division cycle 25 

homolog C 

NM_001790.3 Hs00156407_m1 

CDC6 cell division cycle 6 homolog NM_001254.3 Hs00154374_m1 

CDH11 cadherin 11, type 2 NM_001797.2 Hs00156438_m1 

CENPF centromere protein F, 

350/400ka 

NM_016343.3 Hs00193201_m1 

COL18A1 collagen, type XVIII, alpha 1 NM_030582.3 Hs00181017_m1 

COL6A3 collagen, type VI, alpha 3 NM_004369.2 Hs00365098_m1 

CSPG2/VCAN versican NM_004385.2 Hs00171642_m1 

CTPS CTP synthase NM_001905.2 Hs00157163_m1 

CTSB cathepsin B NM_001908.3 Hs00157194_m1 

CXCL2 chemokine (C-X-C motif) 

ligand 2 

NM_002089.3 Hs00236966_m1 

CYR61 cysteine-rich, angiogenic 

inducer, 61 

NM_001554.3 Hs00155479_m1 

DOC1/FILIP1L filamin A interacting protein 

1-like 

NM_001042459.1 Hs00706279_s1 

FAP fibroblast activation protein, 

alpha 

NM_004460.2 Hs00189476_m1 

FN1 fibronectin 1 NM_002026.2 Hs00365052_m1 
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IER3 immediate early response 3 NM_003897.3 Hs00174674_m1 

KDELR2 KDEL (Lys-Asp-Glu-Leu) 

endoplasmic reticulum 

protein retention receptor 2 

NM_006854.3 Hs00199277_m1 

KIF2C kinesin family member 2C NM_006845.3 Hs00199232_m1 

LIG1 ligase I, DNA, ATP-

dependent 

NM_000234.1 Hs00172073_m1 

LTBP1 latent transforming growth 

factor beta binding protein 1 

NM_000627.2 Hs00386448_m1 

MCM7 minichromosome 

maintenance complex 

component 7 

NM_005916.3 Hs00428518_m1 

MED8 mediator complex subunit 8 NM_052877.3 Hs00364620_m1 

MELK maternal embryonic leucine 

zipper kinase 

NM_014791.2 Hs00207681_m1 

MFAP2 microfibrillar-associated 

protein 2 

NM_017459.1 Hs00250063_m1 

MMP11 matrix metallopeptidase 11  NM_005940.3 Hs00171829_m1 

MMP16 matrix metallopeptidase 16  NM_005941.4 Hs01095537_m1 

MTHFD2 methylenetetrahydrofolate 

dehydrogenase (NADP+ 

dependent) 2, 

methenyltetrahydrofolate 

cyclohydrolase 

NM_001040409.1 Hs00759197_s1 

MYBL2 v-myb myeloblastosis viral 

oncogene homolog (avian)-

like 2 

NM_002466.2 Hs00231158_m1 
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NNMT nicotinamide N-

methyltransferase 

NM_006169.2 Hs00196287_m1 

NRG1 neuregulin 1 NM_013960.2 Hs00247652_m1 

POSTN periostin, osteoblast specific 

factor 

NM_006475.1 Hs00170815_m1 

PSMD11 proteasome (prosome, 

macropain) 26S subunit, non-

ATPase, 11 

NM_002815.2 Hs00160660_m1 

SPARC secreted protein, acidic, 

cysteine-rich  

NM_003118.2 Hs00234160_m1 

TCF4 transcription factor 4 NM_001083962.1 Hs00162613_m1 

THBS2 thrombospondin 2 NM_003247.2 Hs00170248_m1 

TNC tenascin C NM_002160.2 Hs00233648_m1 

TNFAIP3 tumor necrosis factor, alpha-

induced protein 3 

NM_006290.2 Hs00234712_m1 

TUBA1A tubulin, alpha 1a NM_006009.2 Hs00362387_m1 

UBE2C ubiquitin-conjugating enzyme 

E2C 

NM_181799.1 Hs00738962_m1 

Down-Regulated    

ANK1  ankyrin 1, erythrocytic NM_000037.3 Hs00252830_m1 

AQP3 aquaporin 3 NM_004925.3 Hs00185020_m1 

BMP7 bone morphogenetic protein 7 NM_001719.1 Hs00233477_m1 

CASP1 caspase 1, apoptosis-related 

cysteine peptidase 

NM_001223.3 Hs00354832_m1 

CD46 CD46 molecule, complement 

regulatory protein 

NM_002389.3 Hs00174507_m1 

CYP4F11 cytochrome P450, family 4, NM_021187.2 Hs00430476_m1 
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subfamily F, polypeptide 11 

DGKA diacylglycerol kinase, alpha 

80kDa 

NM_001345.4 Hs00176278_m1 

EVI1 ecotropic viral integration site 

1 

NM_005241.2 Hs01118675_m1 

METTL7A methyltransferase like 7A NM_014033.3 Hs00204042_m1 

MGST2 microsomal glutathione S-

transferase 2 

n/a Hs00182064_m1 

PSD3 pleckstrin and Sec7 domain 

containing 3 

NM_015301.3 Hs00535354_s1 

RXRA retinoid X receptor, alpha NM_002957.3 Hs00172565_m1 

SORL1 sortilin-related receptor, 

L(DLR class) A repeats-

containing 

NM_003105.4 Hs00268342_m1 

ST3GAL5 ST3 beta-galactoside alpha-

2,3-sialyltransferase 5 

NM_001042437.1 Hs00187405_m1 

TCEAL1 transcription elongation factor 

A (SII)-like 1 

NM_001006639.1 Hs00231846_m1 

Historic    

BIRC5  baculoviral IAP repeat-

containing 5 

NM_001012270.1 Hs00153353_m1 

CD44 CD44 molecule NM_000610.3 Hs00153310_m1 

EGFR epidermal growth factor 

receptor 

NM_005228.3 Hs00193306_m1 

ERBB3 v-erb-b2 erythroblastic 

leukemia viral oncogene 

homolog 3 

NM_001005915.1 Hs00176538_m1 
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ERBB4 v-erb-a erythroblastic 

leukemia viral oncogene 

homolog 4 

NM_001042599.1 Hs00171783_m1 

EZH2 enhancer of zeste homolog 2 NM_004456.3 Hs00544830_m1 

KRT20 keratin 20 NM_019010.1 Hs00300643_m1 

LGALS3 lectin, galactoside-binding, 

soluble, 3 

NM_002306.2 Hs00173587_m1 

MKI67 antigen identified by 

monoclonal antibody Ki-67 

NM_002417.3 Hs00267195_m1 

MMP1 matrix metallopeptidase 1 NM_002421.2 Hs00899653_g1 

MMP2 matrix metallopeptidase 2 NM_004530.2 Hs00234422_m1 

MMP8 matrix metallopeptidase 8 NM_002424.1 Hs01029057_m1 

MUC1 mucin 1, cell surface 

associated 

NM_001018016.1 Hs00159357_m1 

PTGS2 prostaglandin-endoperoxide 

synthase 2 

NM_000963.1 Hs00153133_m1 

RB1 retinoblastoma 1 NM_000321.2 Hs01078066_m1 

TERT telomerase reverse 

transcriptase 

NM_198253.2 Hs00162669_m1 

TIMP2 TIMP metallopeptidase 

inhibitor 2 

NM_003255.4 Hs00234278_m1 

TP53 tumor protein p53 NM_000546.3 Hs00153340_m1 

VEGFA vascular endothelial growth 

factor A 

NM_001025366.1 Hs00173626_m1 

Outlier    

CEACAM5  carcinoembryonic antigen-

related cell adhesion molecule 

NM_004363.2 Hs00237075_m1 
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5 

GPC3 glypican 3 NM_004484.2 Hs00170471_m1 

KRT9 keratin 9 NM_000226.2 Hs00413861_m1 

LGALS4 lectin, galactose binding, 

soluble 4 

n/a Hs00196223_m1 

MMP10 matrix metallopeptidase 10 NM_002425.1 Hs00233987_m1 

MYH11 myosin, heavy chain 11, 

smooth muscle 

NM_001040113.1 Hs00224610_m1 
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Supplementary Table 4: Univariate Associations between Clinical Variables and 

Progression Outcomes for 62 non-T2 patients 

 

 

Clinical Parameter 

Univariate 

Hazard Ratio 

(95% CI) 

 

p-value 

Age 

(> 68.7 vs. <= 68.7)# 

2.0 

(0.8,5.0) 

P=0.15 

Gender 

(Male vs. Female) 

1.8 

(0.5,6.2) 

P = 0.34 

Pathologic Stage 

(T1 vs. Ta) 

3.7 

(1.3, 10.1) 

P = 0.01* 

Pathologic Grade 

(HG vs. LG) 

2.3 

(0.9, 6.1) 

P = 0.08 

Pathologic Grade  

 Stage T1 Only 

(HGT1 vs. LGT1) 

0.9 

(0.3, 3.3) 

P = 0.91 

Pathologic Grade  

 Stage Ta Only 

(HGTa vs. LGTa) 

3.0 

(0.4, 21.6) 

P = 0.27 

Associated CIS 

(Yes vs. No) 

1.6 

(0.6, 3.9) 

P = 0.34 

#Note: 68.7 years represents the median age for the non-T2 patients in this dataset. 
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Supplementary Table 5: Varying Gene Signature Performance based on P-Value Cutoff 

Used for Gene Selection 

 

p-value Cutoff Gene Set Size p-value (High Risk vs. Low Risk, 

T1 patients only)* 

p-value (High Risk vs. Low Risk, 

Ta patients only)* 

p < 0.05 57 0.02 0.03 

p < 0.01 45 0.31 0.02 

p < 0.005 39 0.05 0.02 

p < 0.001 27 0.13 0.02 

*Reported p-values are from log-rank tests comparing patients categorized as high vs. 

low risk by each gene signature. 
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Supplementary Table 6: List of 57 genes (37 up-regulated, 20 down-regulated) included 

in the progression signature with full name, original meta-signature class, univariate 

Wilcoxon rank-sum test p-values, and signature weights.  Weights are reported on a 

standardized scale, i.e., each gene has been scaled to have mean 0 and variance 1 prior to 

computing the weights; this makes it possible to assess the relative contribution of each 

gene to the overall signature. 

 

Up-regulated 

Gene Full Name Class p-value Weight 

ACTN1 Actinin, alpha 1 Up 0.011 -0.076 

ADAM12 ADAM metallopeptidase domain 12 Up <0.001 0.105 

APOC1 apolipoprotein C-I Up <0.001 0.049 

BIRC5 baculoviral IAP repeat-containing 5 Historic <0.001 0.068 

CALD1 caldesmon 1 Up 0.012 0.006 

CALU Calumenin Up <0.001 0.109 

CCL11 chemokine (C-C motif) ligand 11 Up <0.001 -0.009 

CCNB2 cyclin B2 Up 0.02 0.062 

CDC25B cell division cycle 25 homolog B Up <0.001 0.102 

CDC25C cell division cycle 25 homolog C Up 0.05 -0.044 

CDC6 cell division cycle 6 homolog Up 0.01 0.029 

CDH11 cadherin 11, type 2 Up <0.001 0.029 

CENPF centromere protein F, 350/400ka Up 0.001 0.074 

COL6A3 collagen, type VI, alpha 3 Up 0.001 0.069 

CSPG2 Versican Up <0.001 0.095 

CXCL2 chemokine (C-X-C motif) ligand 2 Up <0.001 0.007 

CYR61 cysteine-rich, angiogenic inducer, 61 Up 0.012 -0.089 
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DOC1 filamin A interacting protein 1-like Up <0.001 0.1 

EZH2 enhancer of zeste homolog 2 Historic 0.009 0.051 

FAP fibroblast activation protein, alpha Up <0.001 0.067 

FN1 fibronectin 1 Up <0.001 0.075 

KIF2C kinesin family member 2C Up 0.006 0.122 

MELK maternal embryonic leucine zipper kinase Up 0.003 <0.001 

MFAP2 microfibrillar-associated protein 2 Up <0.001 -0.162 

MKI67 antigen identified by monoclonal antibody Ki-67 Historic 0.001 0.035 

MMP11 matrix metallopeptidase 11 Up <0.001 0.156 

MMP8 matrix metallopeptidase 8 Historic 0.015 0.051 

MTHFD2 methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 

2, methenyltetrahydrofolate cyclohydrolase 

Up 0.005 0.111 

MYBL2 v-myb myeloblastosis viral oncogene homolog (avian)-like 2 Up <0.001 0.067 

NNMT nicotinamide N-methyltransferase Up <0.001 0.039 

POSTN periostin, osteoblast specific Up <0.001 0.155 

SPARC secreted protein, acidic, cysteine-rich Up 0.012 0.005 

THBS2 thrombospondin 2 Up 0.001 0.063 

TIMP2 TIMP metallopeptidase inhibitor 2 Historic 0.003 0.004 

TNC tenascin C Up <0.001 0.027 

TNFAIP3 tumor necrosis factor, alpha-induced protein 3 Up 0.006 0.037 

UBE2C ubiquitin-conjugating enzyme E2C Up 0.002 0.065 

 

Down-regulated 

Gene Full Name Class p-value Weight 

ANK1 ankyrin 1, erythrocytic Down 0.034 -0.322 

AQP3 aquaporin 3 Down <0.001 -0.096 

BMP7 bone morphogenetic protein 7 Down 0.002 -0.146 



29 
 

CASP1 caspase 1, apoptosis-related cysteine peptidase Down 0.003 -0.1 

CD46 CD46 molecule, complement regulatory protein Down 0.005 0.056 

CYP4F11 cytochrome P450, family 4, subfamily F, polypeptide 11 Down 0.014 -0.142 

DGKA diacylglycerol kinase, alpha 80kDa Down 0.022 0.019 

ERBB3 v-erb-b2 erythroblastic leukemia viral oncogene homolog 3 Historic 0.003 -0.046 

ERBB4 v-erb-b2 erythroblastic leukemia viral oncogene homolog 4 Historic 0.01 -0.189 

EVI1 ecotropic viral integration site Down <0.001 -0.275 

GPC3 glypican 3 Outlier 0.003 -0.102 

LGALS4 lectin, galactose binding, soluble 4 Outlier 0.002 -0.372 

MGST2 microsomal glutathione S-transferase 2 Down 0.001 -0.011 

MMP10 matrix metallopeptidase 10 Outlier 0.033 -0.143 

MMP16 matrix metallopeptidase 16 Up 0.009 -0.382 

RB1 retinoblastoma 1 Historic <0.001 -0.268 

SORL1 sortilin-related receptor, L(DLR class) A repeats-containing Down 0.003 0.04 

ST3GAL5 ST3 beta-galactoside alpha-2,3-sialyltransferase 5 Down <0.001 -0.169 

TCEAL1 transcription elongation factor A (SII)-like 1 Down 0.001 -0.069 

TP53 tumor protein p53 Historic <0.001 -0.109 
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Supplementary Table 7:  Raw QPCR data for all 96 TLDA genes and benign/malignant 

samples.   

<See attached pdf> 

 

 

 

 


