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Literature LabTM analysis of key associations, and comparisons 

between existing and novel gene sets linked to Multiple Sclerosis  

We analyzed three gene sets identified in the study:  Known non-MHC variants (49), Novel non-MHC variants 

(48), and Variants from the 8 regions with consistent high-resolution fine mapping.  All subject domains were 

explored and areas of focus included diseases, tissues, cell types, and pathways.  The first objective was to 

identify the strength of the associations of the three gene sets to terms within the individual focus areas or 

domains.  The second objective was to identify differences between the novel gene set and the existing gene set.  

Finally, the third objective was to explore the association of key critical genes to pathways and diseases.  This 

work demonstrates the power of Literature LabTM to interrogate both existing and novel genes linked to MS and 

uncover important associations and differences between MS gene sets and other diseases within PubMed. 

Analysis of immune-related loci identifies 48 new susceptibility variants for 

multiple sclerosis 

 International Multiple Sclerosis Genetics Consortium (IMSGC)  

Nat Genet. 2013 Nov; 45(11): 10.1038/ng.2770. 

Using the ImmunoChip custom genotyping array, we analysed 14,498 multiple sclerosis subjects and 24,091 

healthy controls for 161,311 autosomal variants and identified 135 potentially associated regions (p-value < 1.0 

× 10-4). In a replication phase, we combined these data with previous genome-wide association study (GWAS) 

data from an independent 14,802 multiple sclerosis subjects and 26,703 healthy controls. In these 80,094 

individuals of European ancestry we identified 48 new susceptibility variants (p-value < 5.0 × 10-8); three found 

after conditioning on previously identified variants. Thus, there are now 110 established multiple sclerosis risk 

variants in 103 discrete loci outside of the Major Histocompatibility Complex. With high resolution Bayesian 

fine-mapping, we identified five regions where one variant accounted for more than 50% of the posterior 

probability of association. This study enhances the catalogue of multiple sclerosis risk variants and illustrates 

the value of fine-mapping in the resolution of GWAS signals. 

 

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24076602
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Circos plot showing primary association analysis in the discovery phase.  The outer most track shows the 

numbered autosomal chromosomes.  The second track indicates the gene closest to the most associated SNP 

meeting all replication criteria.  Previous identified associations are indicated in grey while novel genes 

are emboldened.  The third track indicates the physical position of the 184 fine mapping intervals.  The inner 

most track indicates –log (P) which truncates the signal in several regions. 
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Literature LabTM works by first searching the PubMed database for published abstracts that combine a gene 

from the user inputted gene set with a term, which can be associated with a user selected domain such as a 

disease, pathway, tissue, cell type, etc. It calculates a numeric score that measures the strength of the association 

between a target gene set and each term.  This score is the Log of Product Frequency and the closer the value to 

zero the stronger the association. Literature LabTM qualifies these scores against 1000 random gene sets to 

establish significance or P-value. It lists the relative contributions of individual genes to the product frequency 

and it visually illuminates the connections through clustering analysis and heat maps. 

The Literature LabTM basic platform allows the search for co-occurrences by comparing two domains such 

as diseases versus pathways.  

 

The abstracts involved in each pathway and disease are hyperlinked.  Also hyperlinked are the genes in the 

literature associated with each pathway or disease.  The Literature LabTM basic application also permits co-

occurrences such as the search for comorbidities by comparing disease versus disease, with the option of 

highlighting the context of a gene set. 

 

Literature Lab™ vs Literature Lab™ PLUS 

 

• The Literature LabTM platform (above) allows the user to search for co-occurrences between two 

domains, for example diseases and pathways, with or without the context of a gene list. 
 

• The LPFs are calculated and links are provided to the literature. 

 
 

• The Literature LabTM PLUS platform provides a significantly more rigorous analysis with significance 

using the 1000 random gene sets; LPF, P-value, individual gene contributions, clustering analysis, and 

many other features. 
 

• While Literature LabTM can point out interesting co-occurrences, PLUS can drill down to provide 

statistically significant associations and unexpected results 
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The Literature LabTM PLUS platform 

Gene Set - Known non-MHC variants 

Domain – Diseases 

Positive Associations – Multiple Sclerosis, MS relapsing-remitting, etc. 

Moderate Associations – Celiac Disease, etc. 
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Gene Set - Novel non-MHC variants 

Domain – Diseases 

Strong Associations – Lymphoma, blood neoplasms, Rheumatoid Arthritis, etc. 

Moderate Associations – Leukemia, blood diseases, lymphoma, etc. 
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Gene Set – Variants from the 8 regions with consistent high resolution fine mapping 

Domain - Diseases 

Moderate Associations – Nervous system autoimmune, demyelinating autoimmune, Multiple Sclerosis, MS 

relapsing-remitting, Diabetes Mellitus - Type 1, Rheumatoid Arthritis, Lupus, Herpes Simplex infections, etc. 

Strong Associations – Deltaretrovirus infections, HTLV-1 infections, Leukemia T-cell, Leukemia-Lymphoma 

adult T-cell. 

 

 

 

 

 

 

 



  

Nat Genet. 2013 Nov; 45(11): 10.1038/ng.2770.    © 2014-2015 Acumenta Biotech 

Literate LabTM allows the user to compare experimental sets and identify critical differences among domains 

and individual gene contributions.  The magnitude of these differences are based on the calculated strength of 

the associations of the gene sets to domains.  The user can also toggle to similarities between gene sets. 

Comparison of Novel Non-MHC genes to Existing Non-MHC genes 

Domain – Pathways 

Strong Association Differences – Beta-catenin, E-cadherin Signaling, PITX2 

Moderate Association Differences – Adherins Junction, WNT, etc. 

 

Domain – Diseases 

Strong Association Differences – Neoplasms; Moderate Association Differences - Carcinomas 
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Literature LabTM allows the user to track the strength of associations across different gene sets using the gene 

set comparison feature.  The 1) existing non-MHC gene set, 2) novel non-MHC gene set, and 3) variants 

consistent with high resolution mapping.  Panel 1: pathways involving IL23, Th1/Th2, GATA3, and GATA all 

show a strengthening association trend from the existing to the novel gene sets. 

Summary 

Literature LabTM interrogates the PubMed database and produces quantitative data based on the strength of 

associations and the statistical significance between gene sets and term domains.  The existing non-MHC, the 

novel non-MHC, and the variants identified through high-resolution mapping were analyzed and pathway and 

disease associations were explored.   

• While the existing gene set was associated with MS and demyelinating diseases, it also showed 

moderate association with Celiac Disease, another autoimmune disorder.  Autoimmune diseases are 

thought to involve overlapping genes and pathways which manifest in tissue and disease specific ways. 

 

• In addition to the autoimmune disease Rheumatoid Arthritis, the novel gene set showed positive 

associations with a range of Lymphomas and various Neoplasms.  It is evident that genes in this set are 

associated with the susceptibility and outgrowth of various cancerous states.  This is not entirely 

surprising as current hypotheses speculate that heritability of certain genetic mutations implicated in 

cancer are also associated with susceptibility to MS and autoimmune diseases in general.  Furthermore, 

Cancer and MS have been linked as comorbidities. 

 

• The variant fine mapping gene set identified moderate associations with multiple MS disease states and 

other autoimmune diseases (e.g. Lupus, Type-1 Diabetes, and Rheumatoid Arthritis).  Interestingly, 

strong associations with viral infections (e.g. Herpes Simplex and Deltaretrovirus) and Leukemias were 

found, supporting the hypotheses that infections and genetic abnormalities are liked to MS susceptibility 

and can be involved as co-morbidities. 

 

Th1/Th2 

IL23 

GATA3 

GATA 
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• The viral associations are especially interesting because again current hypotheses have begun to link 

viral infections (Herpes Simplex) to susceptibilities to MS and other autoimmune diseases.  This is a 

very active area of recent investigation and important questions include whether viral infection increases 

the susceptibility to MS and the nature of the genetic underpinnings of this connection.  Literature 

LabTM was able to pick up these interesting and informative associations even though research in this 

area is in the early stages. 

 

• Critical differences in associations between the gene sets and domains were identified.  In the pathways 

domain, the novel gene set showed strong associations with Beta-catenin and moderate associations with 

E-cadherin signaling, Adherin Junction, whereas the existing gene set did not.  In the disease domain, 

the novel gene set showed moderate associations with Neoplasms and Carcinomas in contrast to the 

existing gene set. 

 

• Pathway association trends were tracked over the three gene sets using the gene set comparison feature.  

The novel and high resolution mapping gene sets showed moderate and strong associations with the 

IL23, Th1/Th2, and GATA pathways. 

 

• Recent studies in experimental autoimmune encephalomyelitis, a mouse model of multiple sclerosis, 

showed that IL-23 was responsible for the inflammation observed, not IL-12 as previously thought.  

Subsequently, IL-23 was shown to facilitate development of inflammation in numerous other models of 

immune pathology where IL-12 had previously been implicated including models of arthritis, intestinal 

inflammation, and psoriasis. 

 

• Proliferating helper T cells that develop into effector T cells differentiate into two major subtypes of 

cells known as Th1 and Th2 cells.  Th1 helper cells are the host immunity effectors against intracellular 

bacteria and protozoa. They are triggered by IL-12, IL-2 and their effector cytokine is IFN-γ.  The key 

Th2 transcription factors are STAT6 and GATAs. 

 

• The GATA transcription factor GATA3 is an important regulator of T cell development which has been 

shown to promote the secretion of IL-4, IL-5, and IL-13 from Th2 cells, and to induce the differentiation 

of Th0 cells towards this T cell subtype.  IL2, TNF, TNFR1, T cell CD3/8 were also strongly associated 

with the set. 

 

• The pronounced associations of these genes and pathways in the novel fine mapping variant gene set 

points to their relevance in MS and may enhance their visibility as attractive druggable pathways. 

Click here to arrange a live demo of gene set data or to arrange for Literature LabTM analysis of your data: 

http://www.acumenta.com/acumenta/product/Aug_31_Offer.php 
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