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Gaining Insights into lncRNA Function in 
Inflammatory Bowel Disease (IBD)

Pictured above: Ulcerative Colitis
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Long Non-coding RNAs (lncRNAs) have diverse 
structures, function, and expression patterns

§ Arbitrarily ≥200nt in length 
and lowly expressed

§ Bind RNA, DNA, and protein
§ ~20,000 protein coding genes 

| ~60,000 lncRNA genes
§ Transcribed and processed like 

mRNAs for protein coding 
genes

§ Expressed in a temporal, cell 
type, and tissue-specific 
manner

lncRNAs regulate fundamental biological processes through highly tissue and cell-specific 
regulation of gene expression, making them attractive for targeted therapy

Image: Regulation of mammalian cell differentiation by long non-coding RNAs
Wenqian Hu, Juan R Alvarez-Dominguez, Harvey F Lodish
DOI 10.1038/embor.2012.145| Published online 16.10.2012EMBO reports (2012) 13, 971-983



Genome-wide association studies have identified over 200 
loci associated with IBD, majority are in non-coding regions

SNP = Single Nucleotide Polymorphism
Khor et al, Nature 2011; Liu et al., Nat. Genetics 2015; Jostins et al., Nature 2012

Majority of disease-
associated SNPs (>80%) 
are in noncoding regions, 

causative SNPs are elusive
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Do risk alleles in lncRNAs
contribute to dysregulated 
inflammatory responses in 

IBD?



How to begin understanding the role of many 
uncharacterized lncRNAs in IBD?

General Discovery Approach:

1. Prioritize lncRNAs that may be involved in IBD
2. Correlate lncRNA expression with coding gene modules
3. Annotate coding gene modules with biological databases 

(gene set enrichment)
4. Functional validation of lncRNA expression (e.g., cell type 

specific) or function
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lncRNAs Prioritized in IBD by Leveraging Genetic 
and Transcriptional Data
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> 60,000 Known lncRNAs

11,500 Expressed in 
Biopsies

31 Overlapping 
Genetic Evidence

16 
Differential 
Expression

3-5

Biopsy mRNA expression

• Control
• UC
• CD

n ≈ 1,200 subjects

Genetics

n ≈ 2,500 samples

Mount Sinai School of Medicine collaboration

Amy Hart
UC = Ulcerative Colitis
CD = Crohn’s Disease
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Gene Modules 
Generated from Co-
Expression Network 
Analysis
§ Multiscale Embedded 

Gene Co-expression 
Network Analysis 
(MEGENA)

Won-min Song
Song WM, Zhang B (2015) Multiscale Embedded Gene Co-expression Network 
Analysis. PLOS Computational Biology 11(11): 
e1004574.https://doi.org/10.1371/journal.pcbi.1004574

https://doi.org/10.1371/journal.pcbi.1004574


Discovery Workflow
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Previous Workflow was Time Consuming and Error-Prone

Query 
lncRNA in 
ranked list

Obtain top 
correlated 
MEGENA 
modules

Extract 
module gene 

lists from 
module 

annotation 
files

Extract pre-
computed 
gene set 

enrichments 
from 

summary files

Query Internal 
Gene Set 

Enrichment 
Tool (Trial Data, 
Cell Barcodes)

Summary file (one for each 
lncRNA, for each disease, for 
each biopsy region, for each 

tissue type)

Aisling O’Hara



Flexdashboard Shiny App

lncRNA Dashboard 

https://biostatshiny.jnj.com/user/savey/lncrna_mssm_ibd/
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Visually Inspect Expression Data to Choose 
Dataset of Interest for a given lncRNA
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Sunburst Plots are Visual Representation of Co-
Expression with Coding Gene Modules
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Sunburst Plots are Visual Representation of Co-
Expression with Coding Gene Modules
§ Represents modules that are co-

expressed with your gene of 
interest

§ Red is positively correlated, blue 
is negatively correlated

§ The darker the color the higher 
the correlation coefficient

§ Transparent modules do not meet 
user-defined cutoffs on 
correlation coefficient and FDR

§ Modules form hierarchical clusters 
so modules further out are nested 
within larger modules closer to 
the center of the circle
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Modules are Interactively Selected

sunburstR: https://github.com/timelyportfolio/sunburstR
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Module Genes are Listed for Selected Module
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Gene Module Enrichment Calculated by SaddleSum
(Internal + External Gene Sets) 

§ Genes in each cluster have weights indicating strength of 
association with 1st eigengene.

§ Let m = # of genes mapping to a term
§ SaddleSum calculates a p-value by using the saddlepoint

approximation to the empirical distribution function derived 
from all weights.
– “How likely is it to randomly randomly pick m genes whose sum of 

weights exceed observed weights?”

Stojmirović A, Yu YK. Robust and accurate data enrichment statistics 
via distribution function of sum of weights. Bioinformatics 2010; 26: 
2752–275. https://doi.org/10.1093%2Fbioinformatics%2Fbtq511

https://doi.org/10.1093%2Fbioinformatics%2Fbtq511
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IFNG-AS1 module is implicated in adaptive 
immunity and other immune processes
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IFNG-AS1 is a lncRNA previously associated with 
IBD and shown to regulate IFNg expression

IFNG-AS1 is also known as NeST or TMEVPG1



Conclusions

§ Creating a Shiny App allowed automation and improvement 
of the existing workflow, saving time for scientists.

§ Most of the app is general purpose and can be re-used for 
other co-expression analyses beyond the lncRNA project.

§ Utility of approach has been confirmed with well 
characterized lncRNAs as well as novel lncRNAs through 
experimental validation.
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