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Abstract

Renal cell carcinomas (RCCs) with Xp11 translocation (Xp11 RCC) constitute a distinctive
molecular subtype characterized by chromosomal translocations involving the Xp11.2 locus,
resulting in gene fusions between the 7FE3transcription factor with a second gene (usually
ASPSCR1, PRCC, NONO, or SFPQ). RCCs with Xp11 translocations comprise up to 1-4% of
adult cases, frequently displaying papillary architecture with epithelioid clear cells.
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In order to better understand the biology of this molecularly distinct tumor subtype, we analyze
the miRNA expression profiles of Xp11 Renal cell carcinoma (RCC) compared to normal renal
parenchyma using microarray and quantitative reverse transcription polymerase chain reaction
(RT-PCR). We further compare Xp11 RCC with other RCC histologic subtypes using publically
available datasets, identifying common and distinctive microRNA (miRNA) signatures along with
the associated signaling pathways and biological processes.

Overall, Xp11 RCC more closely resemble clear cell rather than papillary RCC. Further, among
the most differentially expressed miRNAs specific for Xp11 RCC, we identify miR-148a-3p,
miR-221-3p, miR-185-5p, miR-196b-5p, and miR-642a-5p to be up-regulated, while miR-133b
and miR-658 were down-regulated. Finally, Xp11 RCC is most strongly associated with
microRNA expression profiles modulating DNA damage responses, cell cycle progression and
apoptosis, and the Hedgehog signaling pathway. In summary, we describe here for the first time
the miRNA expression profiles of a molecularly distinct type of renal cancer associated with
Xp11.2 translocations involving the 7FE3gene. Our results might help understanding the
molecular underpinning of Xp11 RCC, assisting in developing targeted treatments for this disease.
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Introduction

Xpl1l translocation renal cell carcinomas (RCCs) are a distinctive subtype of RCC
characterized by chromosomal translocations with breakpoints involving the 7FE3
transcription factor gene, which maps to the Xp11.2 locus [1]. The result is a fusion of the
TFE3transcription factor gene with one of multiple reported genes including ASPSCR1
(ASPL), PRCC, NONO (p54"), SFPQ (PSF), and CLTC [2]. The most distinctive
histologic pattern is that of a neoplasm featuring papillary architecture and epithelioid clear
cells [3,4]. Xp11 translocation RCCs were first recognized in children, and likely comprise
the majority of pediatric RCC. The frequency of Xp11 translocation RCC in adults may be
underestimated, due to morphological overlap with more common adult RCC subtypes, such
as conventional clear cell RCC and papillary RCC, though most series find that Xp11
translocation RCC comprise 1-4% of adult RCC [2]. Nonetheless, adult Xp11 translocation
RCCs outnumber pediatric Xp11 translocation RCCs by orders of magnitude due to the
much higher incidence of RCC in the adult population. Overall, survival is similar to that of
patients with clear cell RCC, and significantly worse than those of patients with papillary
RCC [5].

Ellis et al. recently reviewed the published literature on Xp11 translocation RCC with the
ASPSCRI1-TFE3and PRCC-TFE3gene fusions. In multivariate analysis, only advanced
stage (specifically distant metastasis) and older age at diagnosis independently predicted
death [6]. At the current time, there is no standard treatment protocol for patients with Xp11
translocation RCC. By immunohistochemistry, Xp11 translocation RCCs express
phosphorylated S6, a marker of elevated mTOR-pathway activation; however, only a subset
of patients has responded to mTOR inhibitors [7]. Expression profiling studies had
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demonstrated that the MET receptor tyrosine kinase is induced by TFE3 gene fusions, and
MET protein expression has been verified by immunohistochemistry; however, results of a
clinical trial targeting MET in Xp11 translocation neoplasms have been disappointing [8].
Whole genome and RNA sequencing studies have demonstrated frequent mutations in
chromatin remolding genes such as INOEBD in Xp11 translocation RCC, though this
mutation cannot be targeted at the current time [9]. Clearly, further studies to identify novel
targets in Xp11 translocation RCC are sorely needed. Of note, microRNA (miRNA)
expression profiling has not previously been systematically performed on Xpl1
translocation RCC.

In this study, hence, we analyze the miRNA expression profile of a set of genetically
confirmed Xp11 translocation RCC, and evaluate similarities and differences between this
neoplasm and clear cell and papillary RCC, in order to better understand the biologic
characteristics of this molecular entity.

1. Materials and Methods

All analyses were performed using previously described methods as briefly summarized
below [10].

1.1. Case selection

A total of 12 cases diagnosed as Xp11 RCC over the years 2003—2015 were retrieved from
the archives of The Johns Hopkins University Hospital along with demographic and clinical
information. The study received institutional review board and all investigations involving
human samples were performed in strict adherence to the Declaration of Helsinki. All
available haematoxylin and eosin (H&E) slides were reviewed and diagnosis was confirmed
based on the presence of specific morphologic and immunohistochemical features as
previously reported. In all cases, the diagnosis of Xp11 translocation RCC was supported by
TFE3break-apart fluorescence in situ hybridization FISH) or classic cytogenetics. Tumors
were assessed for size, pathological stage, and International Society of Urological Pathology
(ISUP) nucleolar grade. MicroRNA expression profiles were obtained from 8 matched
tumor-normal pairs from 7 distinct patients (discovery set), while 5 additional patients were
used for independent validation of selected miRNA moieties (validation set, see Table 1).

1.2. RNA extraction

For each case, a representative formalin fixed paraffin embedded (FFPE) tissue sample was
selected for RNA preparation. To enrich for neoplastic cells within the tissues, the
representative FFPE blocks were cored with a sterile 16-gauge needle, and tumor areas
showing at least 50% neoplastic cellularity were selected microscopically as previously
described [7]. Total RNA was extracted using the RecoverAll Total Nucleic Acid Isolation
kit (Ambion Inc., Austin, TX, USA) per manufacturer’s protocol. RNA quality was
evaluated using Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA).
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1.3. Microarray hybridization

Eight matched tumor and normal sample pairs were analyzed using the Human miRNA
Microarray Kit Release 19.0, 8x60K (Agilent Technologies, Santa Clara, CA) according to
manufacturer’s protocols. This microarray platform accounts for 2006 human microRNAS
from the Sanger miRbase database release 19.0 (http://microrna.sanger.ac.uk/sequences/).
All analyzed samples showed 28S to 18S ratio > 1.2, an RNA Integrity Number (RIN) > 8,
and detectable microRNAs. Microarray analyses were performed at Sidney Kimmel Cancer
Center Microarray Core Facility at Johns Hopkins University using manufacture’s
instruction as previously described [10]. Data were acquired with Agilent Feature Extraction
10.7.3.1 software for miRNA microarray, generating both probe-level signal intensities from
all probes and summarized expression levels for each miRNA.

1.4. Technical and independent set validation of microarray data

Validation of microarray data was obtained for 4 distinct miRNA molecules selected among
the most differentially expressed in the microarray experiments using TagMan microRNA
assays (Applied Biosystems, Austin, TX). This validation was performed on all 8 tumor-
normal pairs analyzed by microarray as well as on 5 additional cases. We used miR-432,
which proved to be robust and rank-invariant in our microarray analysis, as the reference
gene for normalization purposes. Ten nanograms of total RNA were reverse transcribed
using TagMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Austin, TX).
Quantitative RT-PCR was performed using TagMan Universal Master Mix 11 (Applied
Biosystems, Austin, TX) on a 7900HT Fast Real Time PCR System per the manufacturer’s
protocol. All samples were run in triplicate. Normalized signal levels for each miRNA were
calculated using comparative cycle threshold method (AACT method) [11].

1.5. Statistical and Computational Analysis

1.5.1. Analysis of differential gene expression—MicroRNA expression data were
processed for statistical analysis using packages from R/Bioconductor
(www.bioconductor.org) as previously described [10,12-14]. Briefly, raw data were
preprocessed using “state-of-the-art” protocols as implemented in the AgiMicroRna R
package: first control, undetected probes, and outliers were filtered, then gene level
expression summaries were obtained after normalization at the probe level using the RMA
algorithm and quantile-normalization across samples. All unprocessed and normalized data
along with detailed information on statistical methods used — in accordance to Minimal
Information about Microarray Experiments (MIAME) standards — are available in the Gene
Expression Omnibus database (GSE95384). We used a generalized linear model approach,
coupled with empirical Bayes to moderate standard errors of expression [15], for identifying
differentially expressed miRNA between tumor and normal samples. We included
coefficients for patient matching status and for data heterogeneity as derived from surrogate
variable analysis (SVA) [16] whenever indicated. Multiple testing corrections were
performed using the Benjamini-Hochberg method. We further compared microRNA
expression profiles associated with the Xp11 translocation with those identified in renal cell
carcinoma of other histologic type, using three previously published studies comparing
different tumor groups to their normal counterparts (GSE95385 — hereafter referred to as
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Munari dataset [10], GSE41282 [17], and GSE37989 [18]). This analysis was performed at
the global level using Correspondence At the Top (CAT) curves with confidence intervals,
and by comparing the most differentially expressed miRNAs between groups with a false
discovery rate (FDR) of 5% or less, as previously described [19].

1.5.2. Analysis of Functional Annotation—The identification of pathways and
biological processes differentially expressed between tumor and normal was performed
using the Analysis of Functional Annotation (AFA), an approach analogous to Gene Set
Enrichment Analysis (GSEA) [20] we have successfully applied in previous studies
[12,19,21]. Functional Gene Sets (FGS) corresponding to pathways and biological concepts
were associated to specific microRNA based on their validated target genes as derived from
the miRwalk 2.0 database [22]. Only FGS associated with more than 5 distinct microRNA
were retained in the analysis. After reordering the microRNAs according to the moderated t-
statistics obtained from our generalized linear model analysis, a Wilcoxon rank-sum test was
used to test whether each FGS was significantly up-regulated, down-regulated, or
differentially expressed in each RCC histologic subtypes under investigation compared to
normal renal parenchyma. Only microRNAs annotated to each FGS collection were used as
the reference population in each test. Also in this case correction for multiple hypothesis
testing was obtained separately for each FGS collection, by applying the Benjamini and
Hochberg multiple testing correction. AFA was applied to identify and compare enriched
biological themes using the following FGS databases: 1) Disease Ontology (DO, http://
disease-ontology.org); 2) Gene Ontology Biological Process (GOBP, http://
amigo.geneontology.org); 3) Monarch Initiative Human Phenotypes (HP, https://
monarchinitiative.org/phenotype/); 4) Kyoto Encyclopedia of Genes and Genomes (KEGG,
http://www.genome.jp/kegg/pathway.html); 5) Protein ANalysis THrough Evolutionary
Relationships (PANTHER, http://www.pantherdb.org/); and 6) WikiPathways (http://
vml.wikipathways.org). Overall, we analyzed at total of 9744 FGS (1427 for DO, 3317 for
GOBP, 4539 for HPO, 196 for KEGG pathways, 124 for PANTHER pathways, and 141
WikiPathways).

1.5.3. Social network analysis—We reconstructed the microRNA-FGS network using
weighted undirected graph, starting from the adjacency matrix representing the membership
of all up-regulated microRNASs to the most enriched FGS from KEGG, PANTHER, and
WikiPathways databases. We subsequently performed social network analysis to identify
distinct FGS communities, using the community search algorithm based on random walks
implemented by Pons et al [23]. Hierarchical clustering was used to group and display the
enriched FGS based on common microRNA membership, using the binary distance and the
Ward clustering method.

2.1. Clinicopathologic characteristics and immunohistochemical profiles

Clinicopathologic characteristics of analyzed tumors are summarized in Table 1. There were
12 cases overall; seven cases were analyzed in the discovery cohort while five were analyzed
in the validation cohort. All cases were confirmed genetically either by 7FE3break-apart
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FISH or by cytogenetics. Mean tumor diameter was 5.9 cm. Overall, there were 9 females
and 3 males, and the mean age was 34.5 years (mean 35 years). Four cases were stage I, 3
were stage I, 3 were stage 111 and 1 was stage 1V; stage was unknown in one case. Seven
cases were ISUP nucleolar grade 11, four cases were ISUP nucleolar grade 111, and one case
was ISUP nucleolar grade IV. The 7FE3fusion partner was known in 5 cases; 4 were SFPQ-
TFE3while 1 was ASPSCR1-TFES3. Examples of typical morphological characteristics of
the analyzed tumors are shown in Figure 1.

2.2. Genome wide miRNA expression profiling of Xp11 renal cell carcinoma

All microarray hybridizations were successful with comparable coefficients of variation
between replicated probes across samples (Supplementary Figure S1A). Principal
Component Analysis (PCA) revealed that Xp11 RCC tumor samples have distinct
microRNA expression profiles from normal renal tissue (Supplementary Figure S1B).
Among the analyzed 2,006 miRNAs, 50 mature miRNA were differentially expressed
between matched Xp11 RCC tumors and normal samples with a FDR of < 5%, of which 18
were down-regulated and 32 up-regulated in tumors compared to normal samples
(Supplementary Table S1). Figure 2 shows the most significantly differentially expressed
(FDR < 5%) miRNAs in Xp11 RCC compared to matched normal renal parenchyma.

2.3. Technical and independent set validation of microarray findings

Among the most differentially expressed miRNAs from our microarray experiment, we
selected miR-200c-3p and miR-34b-5p (up-regulated in tumors), and miR-222-3p (up-
regulated in normal parenchyma) for technical validation using gRT-PCR. In this analysis
we further included miR-21-5p (up-regulated in Xp11 RCC with a FDR of 6.5%), which has
been associated with worse prognosis in RCC [24]. The consistency between microarray
data and gRT-PCR data was 100% for all four miRNAs (Supplementary Figure S2A). In an
additional independent set of 5 paired tumor and normal samples we found similar trends to
those of the discovery set analyzed by microarray: up-regulation of miR-222 in tumors was
consistent in 5/5 pairs, the down-regulation of miR-200c and the up-regulation of miR-21
were consistent in 4/5 pairs, while expression of miR-34b was coherent with microarray data
in 3/5 samples (Supplementary Figure S2B).

2.4. Meta-analysis of genome-wide miRNA expression profiling across RCC Subtypes

We re-analyzed three published studies (Munari et al, GSE37989, and GSE41282) as
previously described [10] to identify miRNAs differentially expressed between tumor and
normal samples in other types of RCC. We then performed a cross-platform comparison
among these microRNA expression profiles using all 465 mature miRNAs in common
among the different platforms (Supplementary Figure S3). In particular, we compared Xp11
RCC to clear cell papillary RCC (Munari et al dataset), clear cell RCC (both GSE37989 and
GSE41282), and papillary RCC (GSE41282) at the global level using correspondence at the
top (CAT) curves and Venn diagrams. Overall, CAT-curves based on moderated t-statistics
derived from linear model analysis revealed that microRNA expression profiles obtained
comparing tumor to normal renal parenchyma in Xp11 RCC more closely resemble those
obtained in clear cell and in clear cell papillary RCC than those derived from papillary RCC
(Figure 3 and Supplementary Figure S4). We used Venn diagrams to identify specific

Hum Pathol. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marchionni et al. Page 7

microRNA differentially expressed only in Xp11 RCC and not in the other RCC histological
subtypes. This analysis revealed that among the most differentially expressed mature
microRNA with FDR < 5%, 5 up-regulated (miR-148a-3p, miR-221-3p, miR-185-5p,
miR-196b-5p, and miR-642a-5p) and 2 down-regulated (miR-133b, and miR-658)
microRNAs were specific for Xp11 RCC (Supplementary Figure S5, Supplementary Tables
S2 and S3).

2.5. Analysis of Functional Annotation in Xp11l RCC

Enrichment analysis of signaling pathways, functional themes, and biological concepts
(Analysis of Functional Annotation, AFA) was performed to capture biological processes
associated with Xp11 RCC microRNA expression profiles. We analyzed microRNA
expression profiles obtained from our set of Xp11 RCC ordering genes based on the
moderated t-statistics obtained from our linear model analysis. We separately investigated
enrichment driven by microRNA differential expression, up-regulation, and down-
regulation. FGS were associated to individual microRNA based on validated mRNA target
information. Overall, FGS enrichment was exclusively driven by microRNA up-regulation in
Xp11 tumors compared to normal samples, while no FGS proved to be significantly down-
regulated (FDR < 5%). Table 2 summarizes the top 10 enriched FGS corresponding to
signaling pathways as derived from KEGG, PANTHER, and WikiPathways databases most
enriched in Xp11 RCC (complete results are reported in Supplementary Table S4).

2.6. Analysis of Functional Annotation across RCC Subtypes

We also performed AFA on the microRNA expression profiles obtained using public domain
data. To this end we restricted the enrichment analysis to the set of microRNAs in common
across all datasets (Supplementary Figure S3). This allowed us comparing biological
concepts and pathways enriched in Xp11 RCC to those enriched in the other RCC subtypes
analyzed using public domain data. We selected the most up-regulated pathways (FDR <
0.00025%) in any considered comparisons between tumor and normal samples. This
analysis revealed a common set of relevant enriched pathways (especially between Xp11,
clear cell, and clear cell papillary tumors, see Figure 4), like the Jak STAT signaling pathway
(KEGG hsa40630), the Wnt signaling pathway (KEGG hsa04310, PANTHER P00057), the
estrogen signaling pathways (WIKI WP712), and several immune signaling pathways
(Figure 4). Similarly, we also identified a set of biological themes most strongly associated
with Xp11 tumors, like a set of FGS related to the DNA damage response pathways (WIKI
WP707 and WP710), cell cycle progression (Wiki WP45 and WP179, KEGG hsa04210),
apoptosis (Wiki WP254, KEGG hsa04210, and PANTHER P00006), and several metabolic
processes (Figure 4). The comparison of findings from AFA across multiple datasets and
histologic types further confirmed the resemblance of Xp11 RCC to the clear cell phenotype
at the molecular level.

2.7. Social network analysis of biological concepts associated with Xp11RCC

We used social network analysis to analyze the relationships among the most up-regulated
signaling pathways (FDR < 00025%) identified through AFA and to pinpoint the microRNA
modules driving such enrichment. This analysis revealed three distinct pathway modules
sharing distinct up-regulated microRNAs (Figure 5, Supplementary Figure S6). The first set
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accounted for pathways involved in cell cycle progression, DNA damage response, and
apoptosis (Figure 5, community highlighted in blue); the second set grouped most FGS
related to cytokines and cancer related signaling pathways (Figure 5, community highlighted
in green); the third set accounted for FGS related several metabolic processes and the
Hedgehog signaling pathway (Figure 5, community highlighted in red). Hierarchical
clustering depicting such groupings is shown in Supplementary Figure S6.

3. Discussion

In this study, we investigated the miRNA expression profiles of Xp11 translocation RCC
compared to matched normal renal parenchyma. We further compared these expression
profiles with those associated with other RCC subtypes as available from three publically
available datasets, identifying common and distinctive patterns of microRNA expression in
Xpll RCC. We validated our microarray findings by quantitative RT-PCR analysis in all
cases analyzed by microarray and in additional five independent tumor-normal pairs. We
further characterized the molecular pathways and biological themes associated with such
common and distinctive microRNA profiles using AFA. Finally, we used social network
analysis to identify groups of pathways and biological processes collectively regulated by
distinct microRNA expression modules. To the best of our knowledge, this is the first study
addressing miRNAs regulation in Xp11 as well as in other RCC subtypes.

Among the most differentially expressed miRNAS, several proved to be up-regulated in more
than one study across different RCC subtypes (e.g., miR-15a-5p, miR-34a-5p, miR-34b-5p,
hsa-miR-342-3p, and miR-339-5p, Supplementary Figure S3 and Table S2). These
microRNA molecules could serve as general markers for RCC irrespective to histologic type
or molecular underpinning. For instance, miR-15a has already shown to be up-regulated in
RCC compared to benign oncocytomas and to be part of a gene regulatory network
involving NF-xB, p65, the mitogen-activated protein kinase p38alpha, and the protein kinase
C alpha [25]. Similarly, also miR-34a has been shown to be up-regulated in RCC across
different morphologic and molecular subtypes [10,26], with a possible role in suppressing
cell invasion by targeting c-MYCin clear cell RCC cell lines [27]. Finally, miR-339-5p has
been recently identified as a regulator of the p53 pathway by reducing MDM2 expression
hence promoting p53 function [28]. Overall the pathogenic significance, if any, of the up-
regulation of these microRNAs in RCC should be further explored.

Similarly, a number of other microRNA molecules were down-regulated in more than one
study across different RCC subtypes (e.g., miR-200c-3p and miR-141-3p, Supplementary
Table S3). These microRNAs molecules have been previously and consistently shown to be
down-regulated in RCC, and they have implicated in modulating the vascular endothelial
growth factor A (VEGFA) target [10,29]. Finally, the down-regulation of miR-200c-3p, a
member of the miR-200 family that regulates epithelial-mesenchymal transition during
tumor progression [30], is in line with previous reports in renal cancer [31].

Among the most differentially expressed miRNAs specific for Xp11 RCC, we found
miR-148a-3p, miR-221-3p, miR-185-5p, miR-196b-5p, and miR-642a-5p to be up-
regulated, while miR-133b and miR-658 were down-regulated compared to normal renal
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parenchyma. The aberrant expressions of miR-148a and miR-133b have been in shown in
various cancers with both oncogenic or tumor suppressor roles through targeting important
cancer genes and the modulation of key mechanisms involved in tumor initiation and
progression [32,33]. Among the other microRNA specific for Xp11 tumors, miR-221-3p and
miR-185-5p were reported to be differentially expressed, although inconsistently, in clear
cell RCC [34,35].

Overall, our study also revealed that, in terms of global miRNA expression profiles, Xp11
translocation RCCs most closely resembled clear cell papillary RCC, that they were least
close to papillary RCC, and that they showed an intermediate agreement with tumors of
clear cell histology. While the strong agreement with the clear cell papillary histologic type
may be due to the fact that the analysis was carried out on the same microarray platform, the
comparison within the GSE41282 dataset, which accounts for both clear cell and papillary
cases [17], clearly showed that at the molecular level Xp11 translocation RCCs more closely
resemble clear cell than papillary RCCs. Overall this trend was further confirmed at the
pathway level with important cancer and immune signaling pathways similarly deregulated
in Xp11, clear cell, and clear cell papillary RCC. Of note, microRNA expression profiles of
Xpll RCC also displayed a stronger deregulation of pathway controlling DNA damage
response, cell cycle progression, and apoptosis.

4. Conclusions

In summary, we presented the first comprehensive analysis of miRNA expression profiles of
Xp1l RCC. Overall our results might help in understanding the molecular underpinning of
this type of tumor. We found evidence that this RCC molecular subtype, while sharing some
overlap with clear cell and clear cell papillary RCC, it also shows a unique pattern of
miRNA expression affecting specific cellular functions, supporting the notion this is a
separate molecular and biological entity with potentially important implications for therapy
development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Morphology of Genetically Confirmed Xp11 translocation RCC in this study. Panel A: This

tumor has clear cell features and psammoma bodies; Panel B: This tumor closely resembled
clear cell RCC; Panel C: This primary tumor resembled clear cell RCC; and Panel D:
Recurrence of the primary tumor shown in C demonstrates papillary architecture. All images
are taken at 400X magnification, and all are Hematoxylin and Eosin stained.
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Figure 2.
MicroRNA expression profile Xp11 RCC. Heat-map showing the top 50 mature miRNAs

most significantly differentially expressed between matched Xp11 RCC tumors and normal
samples (highlighted in cyan and red respectively in the figure). Hierarchical clustering was
obtained using the Pearson’s distance and the average clustering method.
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Down-regulated miRs between renal cell carcinoma and normal by histotype - CAT curves based on t-statistics

P
.~
4

e
N r'\F_-'\’ -~
~ ~ ~
/AN A

~NSN

0 20 40 60 80 100

List Size

Cat plot
—A— Up-regulated miRs: GSE37989 CLEAR CELL LOW vs. JHU Xp11

-5 -
-g-
-B-

-

Up-regulated miRs: GSE37989 CLEAR CELL HIGH vs. JHU Xp11
Up-regulated miRs: GSE41282 CLEAR CELL vs. JHU Xp11
Up-regulated miRs: GSE41282 PAPILLARY TYPE 1 vs. JHU Xp11
Up-regulated miRs: GSE41282 PAPILLARY TYPE 2 vs. JHU Xp11
Up-regulated miRs: MUNARI CLEAR CELL PAPILLARY vs. JHU Xp11

Figure 3.
Correspondence at the top (CAT) curves for all up-regulated microRNAs in common

between our Xp11 dataset and three previously published datasets encompassing distinct
RCC subtypes (Munari et al, GSE37989, and GSE41282). Genes were ranked based on the
moderated t-statistics obtained from our linear model analysis. Each CAT curve represents
the proportion of differentially expressed microRNA in common between two expression
profiles comparing tumor and normal samples. All microRNA expression profiles obtained
from the different RCC groups analyzed using public domain data were compared to the one
obtained using Xp11 RCC samples (reference profile). CAT curves in the white area above
the gray shading indicate significant agreement, while the curves below indicate significant
disagreement between expression profiles. The grey shading represents the 99.9%
probability intervals of agreement by chance, therefore CAT curves in the white represent
agreement beyond what it would be expected by chance alone. Overall we observed good
agreement between Xp11 and clear cell papillary RCC, and between Xp11 and clear cell
RCC.
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Figure 4.
Heat-maps visualizing up-regulated functional gene sets (FGS) as determined by Analysis of

Functional Annotation (AFA) performed on microRNAS expression profiles associated with
Xpll and other types of RCC. Each row represents a distinct FGS, while each column
represents a distinct coefficient from our linear model analysis. The FGS that were most
significantly up-regulated across any comparison performed are shown in the figure (FDR <
0.00025%, or less). Color scales correspond to the absolute adjusted p-values obtained from
our analysis after base 10 logarithmic transformations (i.e., the number on the color scale
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increases with decreasing FDR). Up-regulated FGS were selected from different collections
to capture signaling pathways and biological themes modulated by microRNA expression in
RCC. The databases used are highlighted on the left: PantherPath in red, KEGG in green,
and WikiPathways in yellow. Complete tables with results from enrichment test are reported
in Table 2 and Supplementary Table S2 (also available at http://luigimarchionni.org/
Xp11RCC.html).
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Figure 5.
Social network analysis of FGS up-regulated in Xp11 and other RCC subtypes. The figure

depicts the weighted undirected network based on the up-regulated microRNA in common
among the enriched FGS from Figure 4. In the network vertexes represent specific FGS,
while the edges (and their weights) are based on the number of up-regulated microRNA in
common among the FGS. Three distinct FGS “communities” (i.e., subgraphs of FGS sharing
common subset of microRNAS) were identified using the community search method based
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on random walks implemented by Pons et al [23] and are shown in the figure with distinct
colors.
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