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Supplementary Figure S1. Intra-tumor mutational heterogeneity in MTSCC. Displayed on the 

left panel are hematoxylin and eosin stained section of the tumor regions sequenced initially 

(pool) and the 3 spatially separated sites (black dots) that was sequenced subsequently from each 

tumor to evaluate intra tumor mutational heterogeneity. Mutational overlap between the data 

obtained from pool and the 3 independent sites are represented as numbers in the Venn diagram 

on the corresponding left panel. Hippo pathway mutation in each case and their variant allele 

frequencies (percentages within parenthesis) in pool and sites 1, 2 and 3 respectively are 

indicated. 

 
Supplementary Figure S2. Copy number variation and Hippo pathway mutation in the MTSCC 

validation cohort and the TCGA KIRP outlier samples. A. Integrated view of the frequencies of 

chromosomal aneuploidy and Hippo pathway gene mutations identified in MTSCC validation 

cohort (n=12). Chromosomes with copy loss (blue) and gain (red) are indicated.  Indels (red 

dots), missense SNVs (green dots) and splice site SNVs (yellow dots) in PTPN14, and NF2 

genes are also represented. B. Principal Component Analysis (PCA) of level 3 copy number data 

from TCGA KIRP cohort (n=161) using the Qlucore software. The outlier index samples circled 

in red had MTSCC type whole chromosomal losses in addition to mutations in either SAV1 

(TCGA-B3-3926 and TCGA-UN-AAZ9) or DOCK11 (TCGA-F9-A7Q0) genes (which is either 

a Hippo pathway or a target gene). C. Copy number profiles generated from matched tumor / 

normal tissue exome sequencing data for these three index cases from TCGA KIRP cohort 

(chromosomes with copy loss are indicated in blue). Samples with SAV1 mutation are indicated; 

DOCK11 mutation present on chromosome X is not shown.  The additional TCGA case (TCGA-

G7-A8LC ) with SAV1 mutation and MTSCC type copy loss was identified from analysis of the 

updated TCGA KIRP data set (n=288)  D. Table furnishes the KIRP subtype listed in the 
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reported study for the TCGA index samples where we noticed MTSCC type copy loss. 

Mutations in Hippo pathway genes NF2 and SAV1 are largely mutually exclusive with chr7 gain 

events; * only deleterious mutations were considered; ^ one sample with hypermutation 

phenotype containing NF2 mutation was omitted. 

 

Supplementary Figure S3. MTSCC Gene Expression Analyses. A. Locus-level differences in 

expression levels (Gviz plot). The genome was divided into loci and for each locus a log-fold 

change between MTSCC and adjacent kidney was estimated. Loci with significant changes in 

gene-expression are shown in color (red or blue), insignificant loci are shown in white. B. MA-

plot of differentially expressed protein-coding genes between MTSCC and adjacent normal 

kidneys (paired). Expression data was transformed into M (log ratios) and A (mean average) for 

this plot. 

 
Supplementary Figure S4. PTPN14 function and Hippo pathway signature in kidney. A. 

Induction of TEAD promoter luciferase activity in two independent PTPN14 siRNAs treated 

MCF7 stable cell lines compared to non-target control. B. Knockdown efficiency of PTPN14 

mRNA by quantitative polymerase chain reaction in siRNAs treated kidney cell lines including 

CAKI-1 and HK-2. C. Cell proliferation assay in CAKI-1 and HK-2 cells upon knockdown of 

PTPN14 mRNA. D. Correlation among differentially expressed genes upon PTPN14 and LATS1 

knockdown identified by RNAseq analysis in the three kidney cell lines (CAKI-1, A-704 and 

HK-2). E. Venn diagram indicates the overlap between upregulated (up; Hippo_UP_SIG) and 

downregulated (down; Hippo_DN_SIG) genes identified by RNAseq analysis between the three 

cell lines. F. Volcano plot of differentially expressed genes between MTSCC tumor and normal 
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renal parenchyma.  Red and blue dots represent the 23 genes (Supplementary Table S4) 

commonly up or downregulated in 3 kidney cell lines upon Hippo pathway inactivation.  

 

Supplementary Figure S5. Gene set enrichment analysis. A. Gene-set enrichment identified 

multiple sets of HNF1/4 targets as having significantly reduced expression in MTSCC 

(Supplementary Table S5). For each significant HNF1/4-related gene set shown are log-fold 

changes of genes with significant differences in expression level between cancer and adjacent 

normal tissue. B. Gene expression of HNF1B and HNF4A in Yimlamai et al., microarray study 

(GSE55560) that characterized gene expression difference between YAP1 overexpression (DOX 

Plus) compared to control (DOX Minus) in liver organoid.  Significance were calculated by two 

sided unpaired t-test; *** p-value<0.0003   C. Gene-set enrichment identified multiple sets of 

kidney markers as significantly decreased expression in MTSCC. 

 
Supplementary Figure S6. HNF genes expression in normal human tissues, MTSCC and TCGA 

kidney cancer RNA-seq data. Expression values for HNF1A, HNF1B, HNF4A in A. Normal 

human tissue compendia (red-kidney cortex) GTEX data.  B. MTSCC tumor and normal 

samples.  P-values are from unpaired Student t-test and C. TCGA KIRC, KICH and KIRP data 

D. Box plot in the left panel shows HNF1 target genes (both experimental [left] and genes 

containing HNF response element [right]) are down regulated strongly in MTSCC and in 

Chromophobe RCC (KICH) among the TCGA kidney cancer expression dataset. KIRP 

(Papillary kidney cancer), KIRC (clear cell kidney cancer). E. Expression plot 

demonstrates  concordance at individual gene level between MTSCC and KICH. 
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Supplementary Figure S7. Summary of YAP1 immunohistochemistry. A. YAP1 antibody 

specificity. YAP1 antibody western blot detected a specific band at ~70KDa in a cell line panel 

(top panel).  Specifically, YAP1siRNA treatment significantly reduced YAP1 protein expression 

compared to control siRNA transfection in H1299 cells.  Blots were probed with GAPDH 

antibody as a loading control (bottom panel). B. Left panel: Tumor areas of a representative 

positive MTSCC case (low power view 100X with scale bar 200 microns, and high power view 

400x with scale bar 50 microns) with moderate nuclear YAP1 expression (with strong 

cytoplasmic staining). Right Panel: Tumor areas of a representative negative MTSCC case 

(upper right panel, low power view 100X with scale bar 200 microns, and high power view 400x 

with scale bar 50 microns) with patchy and very weak predominantly nuclear YAP1 staining 

(with focal cytoplasmic expression). 

Supplementary Figure S8. Gene expression correlation between MTSCC and nephron sections. 

(A) RNAseq analyses to identify of nephron sections with expression patterns similar or distinct 

to MTSCC. (B-D) Correlation analyses between MTSCC and other renal tumor samples (TCGA- 

KIRC: Kidney Clear Cell Renal Carcinoma, KIRP: Kidney Renal Papillary Carcinoma, KICH: 

Chromophobe Renal Cell Carcinoma) with nephron sections across all genes (Global, data 

presented in B), all marker genes associated with specific regions (C) and its expression 

correlation across cancer types (D). Abbreviated list of nephron regions is represented on the 

right: Glom/G Glomerulus, S1, S2 and S3 terminal portions of Proximal Tubule, SDL Short 

Descending Limb, LDLOM and LDLIM long descending limbs in outer and inner medulla, tAL 

thin Ascending Limb, mTAL and cTAL medullary and cortical Thick Ascending Limb, DCT 

Distal Convoluted Tubule, CNT Connecting Tubule, CCD Cortical Collecting Duct, OMCD and 

IMCD Outer and Inner Medullary Collecting Ducts, CCD and OMCD Cortical and Outer 
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Medullary Collecting Ducts respectively. (E) MTSCC correlation with nephron sections in 

human SAGE data. (F) Correlation between rat nephron regions and KICH (left panel) and 

MTSCC (right panel) among the 41 transcription factors (TF Markers). (G) Box plot of selected 

transcription factor (IRX5 and FOXI1 marker expression in various renal tumors and normal 

kidney samples (left panel) and its corresponding expression in rat nephron regions from GEO 

dataset GSE56743 (right panel). One way Annova, multiple comparisons; * p-value 0.0001, ns 

not significant  
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Supplementary Table S1. Patient clinical characteristics and summary of the observed molecular 

aberrations in the MTSCC cases studied. 

Supplementary Table S2.  Sequencing quality metrics 

Supplementary Table S3.  Detailed list of somatic mutation calls in MTSCC cohort 

Supplementary Table S4: Twenty three genes commonly regulated by PTPN14 siRNAs in the 3 
cell lines identified by analysis of RNAseq data. (Supplementary Fig S4E) 
 
Supplementary Table S5.  Geneset Enrichment analysis dataset details 

Supplementary Table S6.  Summary of immunohistochemistry staining results 
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