
Supplementary Table 4. Most likely target gene(s) at the 13 new loci identified across the CRC case subgroup analyses. 

 

Locus Putative 

target 

gene(s) 

Expression-

based linking 

(GTEx V8) 

Biological relevance, experimental functional evidence, somatic alterations, familial 

syndromes 

1p31.1 PTGER3 PTGER3 (7 

tissues) 

PTGER3 encodes Prostaglandin E Receptor 3, a receptor for prostaglandin E2 (PGE2), a 

potent pro-inflammatory metabolite that is biosynthesized by Cyclooxygenase-2 (COX-2). 

COX-2 plays a critical role in mediating inflammatory responses that lead to epithelial 

malignancies and its expression is induced by NF-κβ and TNF-α. The anti-inflammatory 

activity of nonsteroidal anti-inflammatory drugs (NSAIDs) such as aspirin and ibuprofen 

operates mainly through COX-2 inhibition, and long-term NSAID use decreases incidence 

and mortality from CRC.[1] Prostaglandin E2 (PGE2) is required for the activation of β-

catenin by Wnt in stem cells,[2] and promotes colon cancer cell growth.[3] Prostaglandin 

E Receptor 3 plays an important role in suppression of cell growth and its downregulation 

was shown to enhance colon carcinogenesis.[4] Hypermethylation may contribute to its 

downregulation in colon cancer.[4] 

2q21.3 LCT  Lead SNP rs1446585 is in strong LD with the functional SNP rs4988235 (LD r2 = 0.854) 

in the cis-regulatory element of the lactase gene. In Europeans, the rs4988235 genotype 

determines the autosomal dominant lactase persistence phenotype, or the ability to digest 

the milk sugar lactose in adulthood. The allele determining lactase persistence (T) is 

associated with a decreased risk of CRC. This is consistent with a previous candidate 

study that reported a significant association between low lactase activity defined by the 

CC genotype and CRC risk in the Finnish population.[5] The protective effect conferred 
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by the lactase persistence genotype is likely mediated by dairy products and calcium 

which are known protective factors for CRC.[6] Consistent with a dominant model, 

associations for rs1446585 and rs4988235 became more significant when tested assuming 

a dominant model with P-values of 4.4×10-11 and 1.4×10-9, respectively (see main text).  

3p22.2 MLH1 MLH1 (14 

tissues) 

Previous candidate gene studies have reported strong and robust associations between the 

common, MLH1 gene promoter region and lead SNP rs1800734, and sporadic CRC cases 

with high microsatellite instability (MSI-H) status with consistent direction of effects.[7,8] 

Rare deleterious nonsynonymous mutations in the DNA mismatch repair (MMR) gene 

MLH1 are a cause of Lynch syndrome (OMIM #609310). The risk allele of the likely 

causal SNP rs1800734 showed a strong association with MLH1 promoter 

hypermethylation and loss of MLH1 protein in CRC tumors.[8] The mechanisms of MLH1 

promoter hypermethylation and subsequent gene silencing may account for most sporadic 

CRC tumors with defective DNA MMR and MSI-H.[9] 

3p21.2 STAB1; 

TLR9; 

NISCH 

STAB1 (10 

tissues); TLR9 

(3 tissues); 

NISCH (4 

tissues) 

This signal is located in a gene dense region. The Stabilin 1 (STAB1) gene encodes an 

endocytotic scavenger receptor expressed in a number of cell types, including activated 

macrophages in human malignancies.[10] A rare missense variant in STAB1 has 

previously shown to be strongly associated with serum lactate dehydrogenase (LDH) 

levels,[11] a widely used marker of tissue damage, affirming a link between STAB1 and 

the clearance of products of cell lysis through the mononuclear phagocytic system. Human 

Protein Atlas data based on The Cancer Genome Atlas (TCGA) show that STAB1 

expression is an unfavorable prognostic marker for CRC (logrank test P=0.0008, based on 

maximally separated Kaplan-Meier curves; n samples=597). Lead SNP rs353548 is 
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located in an intron of the toll like receptor 9 (TLR9) gene which could also be involved. 

This key component of innate and adaptive immunity is a drug target for many immune-

mediated diseases, and the antagonist drug hydroxychloroquine is included in 

chemotherapy combination clinical trials for colorectal carcinoma (ClinicalTrials.gov 

Identifier: NCT01006369). The Nischarin (NISCH) gene encodes an α5 integrin-binding 

protein and may be a tumor suppressor gene that limits breast cancer progression.[12] 

Nischarin inhibits Rac-induced cell migration and invasion in breast and colon epithelial 

cells.[13] 

5q32 CDX1  The intestine-specific transcription factor caudal-type homeobox 1(CDX1) encodes a key 

regulator of differentiation of enterocytes in the normal intestine and of CRC cells. CDX1 

is central to the capacity of colon cells to differentiate and promotes differentiation by 

repressing the polycomb complex protein BMI1 which promotes stemness and self-

renewal. Colonic crypt cells express BMI1 but not CDX1. The repression of BMI1 is 

mediated by microRNA-215 which acts as a target of CDX1 to promote differentiation 

and inhibit stemness.[14] Consistent with this view, CDX1 has been shown to inhibit 

human colon cancer cell proliferation by blocking β-catenin/T-cell factor transcriptional 

activity.[15] 

7q32.3 KLF14; 

LINC00513 

LINC00513 

(transverse 

colon + 2 

tissues) 

The Krüppel-like factor 14 (KLF14) gene is a strong candidate involved in TGF-β 

signaling. We previously reported loci at known CRC oncogene KLF5 and at KLF2.[16] 

The imprinted gene KLF14 shows monoallelic maternal expression, and is induced by 

TGF-β to transcriptionally corepress the TGF-beta receptor II (TGFBR2) gene.[17] A cis-

eQTL for KLF14, that is uncorrelated with our lead SNP rs73161913, acts as a master 
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regulator related to multiple metabolic phenotypes,[18,19] and an independent variant in 

this region has been associated to basal cell carcinoma.[20] The signal overlaps with an 

eQTL for the lncRNA gene LINC00513 which may be involved in the regulation of 

KLF14 expression. 

10q23.31 PANK1; 

KIF20B 

PANK1 

(transverse 

colon + 3 

tissues); 

KIF20B 

(transverse 

colon + 7 

tissues) 

At 10q23.31, GTEx data show that the lead SNP rs7071258 is an eQTL in transverse 

colon tissue for genes Pantothenate Kinase 1 (PANK1) and Kinesin Family Member 20B 

(KIF20B). The enzyme encoded by PANK1 catalyzes the rate-limiting reaction in the 

biosynthesis of coenzyme A and may play a role in tumor metabolism.[21] KIF20B has 

been suggested to play an oncogenic role in bladder carcinogenesis.[22] KIF20B missense 

variant rs34354493 (canonical transcript, p.Lys1609Glu) is in high LD with the lead 

variant (r2=0.90) and is predicted to be deleterious by multiple algorithms (CADD, 

DANN, Polyphen, SIFT). 

14q22.1 PYGL; 

NIN; 

ABHD12B 

PYGL 

(transverse 

colon + 12 

tissues); 

ABHD12B 

(transverse 

colon + 8 

tissues); NIN 

(transverse 

GTEx data show that, in gastrointestinal tissues, the lead SNP is a cis-eQTL co-regulating 

expression of genes PYGL, ABHD12B, and NIN. Glycogen Phosphorylase L (PYGL) is the 

strongest candidate. We recently identified and replicated an association between 

genetically predicted PYGL expression and CRC risk in a transcriptome-wide association 

study that used transverse colon tissue transcriptomes and genotypes from GTEx to 

construct prediction models.[23] Favaro et al. showed that this glycogen metabolism gene 

plays an important role in sustaining proliferation and preventing premature senescence in 

hypoxic cancer cells.[24] In different cancer cells lines, silencing of PYGL, expression of 

which is induced by exposure to hypoxia, led to increased glycogen accumulation and 
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colon + 2 

tissues) 

increased reactive oxygen species levels that contributed to p53-dependent induction of 

senescence and impaired tumorigenesis.[24] 

14q32.12 RIN3 RIN3 

(transverse 

colon + 11 

tissues) 

Lead SNP rs61975764 is an eQTL for gene Ras And Rab Interactor 3 (RIN3) in colon 

tissue, the risk allele G being associated with decreased expression. RIN3 functions as a 

RAB5 and RAB31 guanine nucleotide exchange factor involved in endocytosis.[25,26] 

14q32.2 BCL11B  The lead SNP rs80158569 of this highly localized proximal colon-specific association 

signal is located in a normal colonic crypt enhancer region and overlaps with multiple 

transcription factor binding sites, making it a strong functional candidate. The nearby gene 

BCL11B encodes a transcription factor that is required for normal T cell 

development,[27,28] and that has been identified as a SWI/SNF complex subunit.[29] 

BCL11B acts as a haploinsufficient tumor suppressor in T-cell acute lymphoblastic 

leukemia (T-ALL).[30,31] Experimental work reported by Sakamaki et al. suggests that 

impairment of Bcl11b promotes intestinal tumorigenesis in mice and humans through 

deregulation of the β-catenin pathway.[32] 

19p13.3 STK11; 

SBNO2 

 This signal is located in a gene-dense region. Lead SNP rs62131228 is intronic to gene 

Strawberry notch homologue 2 (SBNO2), a transcriptional corepressor of NF-κβ in 

macrophages that plays a role in the STAT3-regulated anti-inflammatory signaling 

pathway.[33] The nearby tumor suppressor gene Serine/Threonine Kinase 11 (STK11) is 

an especially plausible candidate effector gene. Mutations in this gene cause Peutz-Jeghers 

syndrome (OMIM #175200), an autosomal dominant disorder characterized by the growth 
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of hamartomatous gastrointestinal polyps and an increased risk of various 

neoplasms.[34,35] 

20q13.31 BMP7 BMP7 (3 

tissues) 

The Bone Morphogenetic Protein 7 (BMP7) gene is a strong candidate. In normal 

intestinal cell crypts, various gradients of TGF-β family members interact with the 

antagonistic Wnt signaling pathway to maintain homeostasis. Members of the TGF-β 

family, including several bone morphogenetic proteins (BMPs), frequently have somatic 

mutations in sporadic CRC tumors, have been implicated by GWASs, and germline 

mutations are causative for familial CRC syndromes.[36] BMP7 signaling in TGFBR2-

deficient stromal cells promotes epithelial carcinogenesis through SMAD4-mediated 

signaling.[37] In CRC tumors, BMP7 expression correlates with parameters of 

pathological aggressiveness such as liver metastasis and poor prognosis.[38] 

22q13.31 FAM118A; 

FBLN1 

FAM118A 

(transverse 

colon + 40 

tissues) 

GTEx data show that the lead SNP rs736037 is an eQTL for gene FAM118A in many 

tissues, including transverse colon. The function of FAM118A is poorly understood. 

FAM118A missense variant rs6007594 (canonical transcript, p.Arg239His) is in high LD 

with the lead variant rs736037 (r2=0.96) and is predicted to be deleterious by multiple 

algorithms (CADD, DANN, Polyphen). The protein encoded by the nearby Fibulin 1 

(FBLN1) gene plays a role in the organization and function of the extracellular matrix and 

basement membranes. FBLN1 has been implicated in tumor-related processes and both 

oncogenic and tumor-suppressive properties have been described for this protein.[39] 

Other genes in the region are no obvious candidates. 
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