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• To catalogue expression levels long intergenic non-
coding RNA (lincRNA) in TCGA cancer types. 
 
 

• To extend initial profiling efforts by MSKCC group and MD 
Anderson group.1,2 

 
 

• To facilitate integrative analysis in understanding 
emerging gene regulatory role of lincrnas in progression 
of cancer. 
 

• Whether or not such pervasively transcribed non-coding RNAs 
are of regulatory importance or merely a transcriptional noise. 

 

Primary Focus 

1. Akrami R. PLoS One 2013 
2. Han L, Yuan L. Nat Commun. 2014 

Presenter
Presentation Notes
Major objectives of this study are….

To catalogue…

That is to extend initial efforts made by MSKCC group in profiling lncrna expr in TCGA OV, and by MDAnderson group in pan-cancer pseudogene expression.

More importantly, 
2) This will facilitate integrative analysis in understanding…

And to identify whether or not such ….
=====



lncRNA… 
• > 200 bp & no coding potential. 

 
• Poly-A tail present for majority of lncrnas. 
 
• Epigenetics marks consistent with that of a 

transcribed gene, i.e., H3K4me3 at promoter, 
H3K36me3 throughout gene body. 

 
• ≈ 10,000 putative transcripts, 3,000 show highly 

conserved ‘patches’ within coding region.# 
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Prensner J, Chinnaiyan A. Cancer Discovery 1 (2011) 
#: Guttman M. Nature 458 (2009), Ponjavic J. Genome Res. 17 (2007) 

Presenter
Presentation Notes
Specifically, lncRNAs are defined as RNA with….RNA with at least 200 bp length with no coding potential; majority of them are polyA enriched and show epigenetic marks similar to that of transcribed genes. Depending on annotations, there are approx. 10,000 putative transcriptes and 3000 of them show conserved patched – possibly indicating its functional role.

So, What is functional relevance of lincrnas?
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BRAF 
V600E 

lncRNA interactions can facilitate oncogene 
driven downstream gene regulation. 

lncRNA can act as a molecular scaffold to mediate RNA-
Protein interactions at regulatory regions of oncogene targeted 
genes. 

Prensner J, Chinnaiyan A. Cancer Discovery 1:391 (2011) 
©2011 by American Association for Cancer Research 

Oncogene driven 
target genes 

Presenter
Presentation Notes
It is unclear at large mechanisms by which mutant proteins like BRAF v600e or TP53 interact with other regulatory elements at their target sites.

lincrna interactions can facilitate gene regulation by acting as a molecular scaffold to mediate RNA-Protein interactions.

Recent studies have shown such functional impact of lncRNA interactions in EZH2 mediated chromatin remodeling or role of lincrna as a tumor supressor.

========




How does lncRNA interact? 

• Is there a sequence-specific motif in lncRNA 
structure to form a functional scaffold? 
 

i.e., Transposable elements, microrna recognition 
elements (MRE), G4-DNA. 

 
 
 

• Is there an enrichment of lncRNA harboring such 
motif to drive downstream gene regulation of a 
driver gene? 
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Presenter
Presentation Notes
However, such lincrna interactions are poorly understood. So, we ask,

Is there a ….

And if so,

Is there an enrichment…

With that in mind, we outline following analyses strategies:
*****



Outline – Analyses 

• To quantify lincrna expression in TCGA tumor 
types. 
 

• To correlate lincrna expression with gene 
expression, mutation and methylation subtypes. 
 

• To identify enrichment of sequence-specific 
lincRNA-DNA interactions at regulatory domains 
of cancer genes.  
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Presenter
Presentation Notes
With that in mind, we outline following analyses strategies:

1
2

For this talk, I will be focusing on analyses related to melanoma.



lncrna quantification 
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lncRNA annotations 

Broad ENCODE UMICH 
Publication Cabili et al., 

2011 
Derrien et al., 
2012 

Prensner et al., 
2011  

Transcript 
reconstruction 

RNA-seq cDNA RNA-seq 

Length of lincRNA > 200 nt > 200 nt > 200 nt 
Structure of 
lncRNA 

Multi-exon Multi-exon Multi-exon 

Total transcripts 8,263 14, 880 (6000 + 
genic lncRNAs) 

99 PCATs 
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Presenter
Presentation Notes
We have merged lincrna annotations from two primary sources, Broad and ENCODE. Additionally, we have included few missing lincrnas which were quantified earlier in prostate cancer. 
====




Quantification Methods 

• Cufflinks 
 

• HTSeq for PRAD and OV$ 

9 
$ By Erik Larsson 

(Intra) genic & overlapping transcripts with mRNAs give false estimation of 
lncRNA abundance in non-strand-specific RNA-seq, and being excluded from 
estimation. 

Broad ENCODE 

Presenter
Presentation Notes
Given the bias in quantifying overlapping lncRNAs using non-strand specific RNA-seq, we are focusing on only intergenic lincrnas which roughly make ¾ of predicted lincrna transcripts.

We used cufflinks and HTSeq to quantify merged protein-coding and lincrna transcripts. For this talk, I will be showing analyses pertaining to melanoma set.
====




Majority of lincrnas are PolyA enriched & 
show very low expression in comparison to 

mRNA expression 
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Akrami R. PLoS ONE 2013.  
via Erik Larsson 

OV (n=407) 

SKCM (n=355) 16 tissues 

Presenter
Presentation Notes
In concordance with previous analyses, we also see majority of expressed lincrnas are polyA enriched. Also, lincrnas show much lower expression as compare to protein-coding transcripts.
====

B: Polyadenylation status of lncRNAs, determined by polyA+ vs. total RNA-seq from a mixture of 16 tissues. 
D: Distributions of lncRNA and coding gene expression levels (maximum RPKM in all tumors). RPKM, reads per kilobase per million reads.





Unsupervised analysis show differential lincrna expression 
based on CIMP subtype and mutation signatures in SKCM 
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CIMP: Normal-like (52/109 | 70); 
RAS: WT (91/109 | 236); 
TERT: WT (22/109 | 39); 

CIMP: ~ (Hypo + Hyper) methy;  
TERT: C228T (13/78 | 25); 

CIMP: CpG methy (45/112 | 81); 
BRAF: WT (77/112 | 179); 
Age: 60+ (65/112 | 138); 

327 samples, 189 lincrnas 

Presenter
Presentation Notes
Next, we used unsupervised hierarchical cluster approach to classify 189 most variably expressed lincrnas among 327 melanoma samples. We observed differential lincrna expression based on cpg island methylator phenotype and mutation signatures. In brief, we observed cluster group 1 enriched with normal CIMP and triple WT samples having no mutations in BRAF, NRAS, NF1 as well as TERT WT. In contrast, second cluster group had 13 of 25 TERT C228T mutant samples with equivocal CIMP phenotype. Finally, cluster gorup 3 had predominantly CIMP hypermethylated phenotype.
====

CIMP: Normal-like (52/109 | 70) means 52 of 109 samples within same cluster have CIMP-normal subtype; Out of total 327 samples, CIMP-normal is present in 70 samples.

CIMP: Black (Hypo) | Red (Hyper) | Blue (CpG methy) | White (normal-like);
Age: Black is 60+ and White is <60 yr.
For rest of categories: Red and Black are either hyper or 1 (present); Green or White are opposite – hypo or 0 (absent);
Gray: Unclassified or No Data available.

***



Experimental evidence indicating potential 
functional role of lincrnas in cancer  

lincrna Location Properties 
TRBV11-2 7q34 Upregulated in triple WT (BRAF, RAS, NF1) cluster; 

 
Regulator of ERK signaling pathway. 

CT49 or 
TAG1 

5p15 Upregulated in TERT C228T cluster; 
 
Expressed in melanoma, retinoblastoma, 
pineocytoma, mesothelioma. 
 
Role in inactivation of  Rb signaling pathway. 
 

MEG3 14q32 Uniformly low expression in melanoma; GISTIC2 
wide deletion peak in the same region. 
 
Known tumor suppressor lncrna. 
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Presenter
Presentation Notes
Some of these 189 lincrnas have been shown to play functional role in cancer, e.g.,

TRBV11-2 which is upregulated in left most, triple WT cluster is a regulator of ERK pathway.
Similaryl, CT49 which is upregulated in TERT mutant samples, is shown to play role in –ve of Rb pathway.



Differentially expressed lincrnas show proximity to 
several oncogene regulated genes  
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• MSigDB Cancer neighborhood analysis show significant enrichment 
(FDR q:0.02-0.03 ) of gene annotations regulated by HOXA9 (9/75), 
ERCC4 (5/27), FOXO1 (8/67) and CDH5 (5/34). 
 

• lincrnas are enriched more in distal regulatory sites as compare to 
proximal regulatory sites, possibly indicating enhancer like activity. 

Relative distance of  189 
lincrna regions from their 
putatively regulated 
genes. 
 
Enrichment q value < 0.04 
 

189 lincrnas 
 

All protein-coding and lincrnas 

Presenter
Presentation Notes
Next, we did enrichment analysis based on genomic regions of these 189 lincrnas residing in regulatory domains of protein-coding genes.

We found that there is a significant enrichment of gene annotations regulated by HOXA9…

In general, lincrnas are enriched more in distal sites compare to proximal regulatory sites, possibly indicating enhancer like activity.

****
GREAT calculates statistics by associating genomic regions with nearby genes and applying the gene annotations to the regions. Association is a two step process. First, every gene is assigned a regulatory domain. Then, each genomic region is associated with all genes whose regulatory domain it overlaps.
http://bejerano.stanford.edu/great/public/html/




Identification of sequence-specific 
lincrna interactions in regulatory 

domains of cancer genes 
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Motif discovery analysis of variably expressed lincrna 
(n=189) indicates potential role of lincrnas in transcription 

regulation and cancer growth signaling pathways   
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Total 
Predictions 

Top 5 Predictions 

Analysis shows known TF motifs for EGR1 (q: 0.04), ZEB1 
(q: 0.03), SP2 (q: 0.03), Tcf3 (q: 0.1). 

Presenter
Presentation Notes
Next we did de novo motif analysis to find motif sequences in these lincrnas.

We found several significant RNA complementary motifs for TFs EGR1, ZEb1 and SP2 which tend to play role in cancer growth signaling pathways.



Alu elements are preferentially enriched in lincRNA 
exonic regions 

• ~23% of lincRNA transcripts have at least 1 Alu sequence in their coding 
region. 
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Kapusta A. PLoS Genet. 2013 

Transposable elements enrichment in lincrna 
exonic regions 

Presenter
Presentation Notes
Also, we looked into lincrna exonic regions to see if they have preferential hits from transposable elements compare to other genomic regions. We found that ~23% lincrna transcripts have at least 1 Alu seq in exonic regions. This was further supported by recent publication which showed that TEs are more enriched in lincrna exonic regions compare to intronic or protein-coding regions.




Alu elements are preferentially enriched in lincRNA 
exonic regions 

• Preferential hits from AluJb, AluSx and AluYc subfamilies which corresponds 
to most recent expansion of Alu elements with primate evolution.   

17 

Frequency of 
subfamilies of Alu 
elements within 
exonic regions of 
lincrnas, sorted 
by chromosomal 
location. 

Presenter
Presentation Notes
Further, there were preferential hits from specific subfamilies of Alu, namely Alu JB,Sx and Yc which also corresponds to most recent expansion of Alu with primate evolution.

=====




Summary 

• Expression profiling of lincrna in SKCM and 
PRAD. 
 

• Differential lincrna expression based on CIMP 
subtype and mutation signatures in SKCM. 
 

• lincrna exonic regions are enriched in Alu 
elements and possibly play a role in sequence 
specific lincrna interactions in regulatory 
domains of cancer genes. 
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Presenter
Presentation Notes
In summary,

We did expression profiling of lincrnas in SKCM and PRAD.

We observe diff. lincrna expr based on CIMP subtype and mutation signatures in melanoma.

Lincrna exonic regions are enriched in Alu elements and possibly play a role in seq-specific lincrna interactions.

====



Ongoing Tasks 

 

• Outline functional relevance, if any of differentially expressed 
lincrnas by… 

 

– Co-expression network analysis using predicted lincrna – 
mrna and lincrna – microrna partners sharing common 
sequence specific motif. 

– Copy number alterations involving differentially expressed 
lincrna regions. 

 

• Making lincrna data and analyses accessible via Synapse 
portal (syn2426680) & Firehose pipeline. 
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Andrew Rae | Nature 496 (2013) 
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