
Strawberry notch homologue 2 (SBNO2, OMIM*615729), interleukin-10 (IL10, 

OMIM*124092) and interleukin-19 (IL19, OMIM*605687)  

Fine-mapping of the High Density region #165 (Chr. 19; containing ABCA7, HMHA1, GPX4, 

POLR2E, SBNO2 and STK11) identified a primary signal with a credible set of three SNPs that 

are located in three separate introns of the SBNO2 gene and that are all within 653 bp of each 

other.  While these common variants (MAF ~0.22) do not appear to localize within known 

regulatory sequences, their tight clustering within a single gene supports SBNO2 as the best 

candidate causal gene.  Furthermore, there is a secondary association signal in this region with 

a credible set of 10 SNPs located over a region of less than 11kb, with rs72977562 located 

within a gut enhancer element (H3K27ac) 6 kb before the TSS of SBNO2. Expression profiling of 

SBNO2 indicates that SBNO2 is expressed across a wide range of tissues and immune cells 

(Extended Data Figure 6), with expression up-regulated by hyper-IL-6 (IL-6 + soluble IL-6 

receptor) and by IL10 1,2.  While there is limited information on the function of this gene, it has 

been reported that it contributes to the downstream anti-inflammatory effects of IL-10 1 and may 

play a variety of roles in sepsis 3, bone homeostasis 4 and inflammatory response in the central 

nervous system 2. Importantly, IL10 is one of three candidate genes in the High Density region 

#23 (Chr. 1; MAPKAPK2, IL10, IL19), where the primary signal confers increased risk to IBD and 

is defined by a credible set of two SNPs separated by 4kb, extending from the third intron of IL10 

to ~1 kb downstream of this gene, with the intronic SNP being located with H3K4me1 region.  

The secondary association signal in this locus is defined by a credible set of four SNPs within a 

4kb (intergenic) region between IL10 and IL19.  IL19 is a member of the IL10 cytokine family 

whose function in the inflammatory response in humans is poorly understood. In fact, IL19 has 

been reported to either have an anti-inflammatory role 5 or a pro-inflammatory role 6 in the 

context of IBD. Without functional data to establish causality it is not possible to definitively state 

whether the causal gene in this locus is IL10 or IL19, however, this fine mapping clearly 

indicates the need to better understand the SBNO2/IL10/IL19 axis in IBD, in particular in the 



monocyte/macrophage lineage where the latter two genes are primarily expressed5 (Extended 

Data Figure 6). 

 

Leucine-rich repeat kinase 2 (LRRK2, OMIM*609007) 

Association to the chromosome 12 region containing the LRRK2 and MUC19 genes was 

identified in the first meta-analysis of CD GWAS 7.  The current fine-mapping enabled the 

identification of a primary association signal with a credible set of 20 SNPs, extending over a 

~65kb region with 10 SNPs within the LRRK2 gene (including one located within 3’UTR), 8 

within the MUC19 gene, and 2 intergenic). The secondary association signal, however, consists 

of a credible set with a single SNP (rs7307562), which is located in the 39th intron of LRRK2, 

suggesting this as the more likely gene.  LRRK2 was first described as a gene for autosomal 

dominant Parkinson disease (PARK8; OMIM*607060).  The LRRK2 gene is expressed in 

monocytes, B cells and neutrophils (Extended Data Figure 6). Functional studies in monocyte-

macrophage cells/cell line demonstrated that LRRK2 might play a role in inflammatory signalling 

pathways relevant to Crohn’s disease 8.  Specifically it was shown that the promoter of LRRK2 

contains a conserved binding site for interferon (IFN) response factors, that stimulation with IFNγ 

resulted in the up-regulation of the expression of LRRK2, and that LRRK2 activated NFkB in an 

IKK-dependent manner.  More recently it was shown that LRRK2 deficiency conferred enhanced 

susceptibility to experimental colitis in mice 9.  In addition, it was reported that a coding variant 

(Met2397Thr) in this gene led to lower LRRK2 protein levels and was therefore likely pathogenic 

9, however the association of this coding variant is more than ten orders of magnitude less 

significant than the rs7307562 intronic variant in our dataset and can be explained by the 

residual signal derived from the modest correlation between these variants (r2=0.38). 

  



Kinase suppressor of Ras-1 (KSR1, OMIM*601132) and PR Domain containing protein 1 

(PRDM1, OMIM*603423) 

Fine-mapping of the High Density Region #157 (containing 4 genes) identified a single 

association signal conferring protection to CD.  The credible set for this region consists of seven 

common variants (MAF ~.30) across 25kb, all within the KSR1 gene and more than 50 kb from 

any of the other genes in the region.  With multiple predicted isoforms, these SNPs are clustered 

within the first introns of some isoforms and upstream of the TSS of others.  Two of the variants 

within the credible set are predicted to impact transcription factor binding sites detected by 

ENCODE ChIP-SEQ experiments:  rs8075695 in a PRDM1 site and rs2948542 in a TAL1 site. 

KSR1 is a good candidate gene for this locus as previous functional studies suggested that it 

had a role to play in protecting against intestinal inflammation.  Specifically, Polk and colleagues 

observed that KSR1 is activated in inflamed mucosa and using KSR1-deficient mice 

demonstrated that KSR1 protects intestinal epithelium from cytokine-mediated apoptosis during 

inflammation 10.  Interestingly, there may be a link between KSR1 and another IBD gene as 

PRDM1 itself is implicated as the most likely causal gene, similarly targeted two well-defined 

associations (including a single SNP credible set) in an independent locus (HD#77).  KSR1 and 

PRDM1 are expressed across multiple immune and intestinal tissues (Extended Data Figure 6), 

whereas TAL1 expression is primarily restricted to T cell leukemia and during development 

within the hematopoietic, neural, and endothelial lineages 11. 

 

MOTHERS AGAINST DECAPENTAPLEGIC, DROSOPHILA (SMAD3, OMIM *603109) 

A CD locus on Chr. 15 harbours three genes SMAD3, AAGAB, and IQCH. While the IIBDGC 

Immunochip analyses prioritized SMAD3 within this locus solely based on using GRAIL (a text-

mining algorithm), fine-mapping focuses the primary association on rs17293632, which is the 

variant with the best posterior probability (40%) within the 5-variant credible set for the primary 

association in SMAD3.  This SNP disrupts an AP-1 binding motif that is highly conserved across 



vertebrates 12.  ChIP-seq experiments using HeLa cells, which are fortuitously heterozygous at 

this site, showed major allelic imbalance with almost non-existent binding to the CD risk allele.  

Furthermore, a second independent association at this locus is resolved to a single variant, 

protein-coding variant I170V in SMAD3, identifying with near certainty that this is the relevant 

gene.  

SMAD3 is a key signaling molecule in the Transforming Growth beta (TGF-β) pathway, which is 

implicated in various immune abnormalities and is associated with other diseases including 

tumor development and e.g. fibrotic complications.  In addition, mucosal inflammation in CD is 

characterized by reduced activity of TGF-β1 due to high levels of SMAD7 mediated through 

SMAD3.  An oral SMAD7 antisense oligonucleotide (Mongersen) has recently shown great 

promise in a phase 2 clinical trial for Crohn’s disease 13,14. SMAD7 (itself recently associated to 

IBD but not in high density genotyping region on the Immunochip and therefore not fine-mapped 

here) is an inhibitor of SMAD3.  Mongersen, by targeting SMAD7, restores SMAD3 signaling and 

TGF-β activation, leading to suppression of inflammation.  Consistent with this, genetic 

disruption of SMAD3, as identified here, constitutes an increased risk for CD. 

 

INTERFERON-INDUCED HELICASE C DOMAIN-CONTAINING PROTEIN 1 (IFIH1, 

OMIM*606951)  

The UC genetic signal from the locus on chromosome 2 that harbors the candidate genes DPP4, 

GCG, FAP, IFIH1, GCA and KCNH7 has here been successfully reduced to a single rare 

missense variant (I923V) in IFIH1.  The IFIH1 gene encodes Melanoma Differentiation-

Associated Protein 5 (MDA5) which is part of the RIG-I-Like receptor family and is a cytoplasmic 

viral RNA receptor involved in activating type I interferon signaling.  We queried all our single 

SNP credible sets for evidence of published associations to other diseases. By doing this we 

found that the single rare missense variant (I923V) in IFIH1 associated to UC is also associated 

to type 1 diabetes (T1D) although with an opposite direction of effect 15. This supports the notion 



that studies of shared genetic variation across immune-mediated diseases should, in many 

instances, ultimately point to the same variant. The identified variant has shown to be involved in 

the alteration of RNA secondary structure and reduces poly(I:C)-induced interferon-β production 

in subjects with T1D 16.  The Isoleucine to Valine change does not directly disrupt the RNA 

helicase domain of IFIH1 that binds to dsRNA but electronic magnifier (EM) and ATP hydrolysis 

assays showed functional consequences due to impaired filament assembly and reduced kinetic 

stability17.   

 

Interleukin receptor 2 alpha (IL2RA, CD25 OMIM* 147730). 

The IL2RA signal, first identified in 2012 18, has been reduced to a single intronic CD signal, 

which has also been associated with Type 1 diabetes although the signal19, highly significant in 

both diseases and directionally discordant.  IL2RA encodes CD25, a constituent part of the IL2 

receptor that is expressed in both soluble and membrane-bound forms.  The same single SNP 

has been reported as the most associated variant in a 2013 Sardinian study of immune cell 

levels20, demonstrating association to variation in levels of T-cells expressing CD25, with the 

allele increasing risk to Crohn’s disease corresponding to higher levels of CD25 expressing T-

cells.  Animal models have suggested that CD25 prevents autoimmunity via a cell contact, 

cytokine independent mechanism and that the immunosuppressive effects of CD25/CD4 positive 

T cells can be overcome by microbial activation of Toll-like receptors and subsequent maturation 

of dendritic cells 21.  However IL6 deficient mice were unable to overcome this Treg mediated 

suppression leading to decreased autoimmunity and increased infection suggesting that anti-IL6 

therapy may be an appropriate therapy for immune-mediated diseases22.  In addition to the Type 

1 diabetes association genetic variants in IL2RA have also been associated with Graves disease 

and multiple sclerosis.  

    



Regulator Of Telomere Elongation Helicase 1 (RTEL1, OMIM* 608833), tumor-necrosis 

factor receptor superfamily, member 6b (TNFRSF6B, OMIM* 603361))  

This original association of this locus in IBD susceptibility identified a region possibly containing, 

more than 20 genes.  Fine-mapping (HD region 175) identified a single signal, rs6062496, that 

disrupts the binding of Early B Cell Factor 1 (EBF1), overlaps DNaseI hypersensitivity clusters, 

and is highly conserved across species.  RTEL1 is a DNA helicase involved in protecting 

telomeres during replication. Read-through transcription of RTEL1 into tumor-necrosis factor 

receptor superfamily, member 6b (TNFRSF6B) results in a non-coding transcript. TNFRSF6B 

(also known as Decoy Receptor 3 [DCR3]) neutralizes three different TNF ligands all of which 

have been associated with IBD susceptibility: FasL (TNFSF6), LIGHT (TNFSF14), and TL1A 

(TNFSF15).  Manipulation of both TNFSF14 and TNFSF15 have been proposed as potential 

therapeutic strategies for IBD23,24.  In addition DCR3 plays a role in monocyte development, and 

also monocyte adhesion to endothelial cells via up-regulation of ICAM-1, VCAM-1, and IL8 

expression25.  DCR3 is overexpressed in gastrointestinal malignancies26 and has also been 

associated with multiple sclerosis, rheumatoid arthritis, and glomerulonephritis.   
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