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Abstract 

 

Background: Recent genome-wide association studies have identified a number of 

variants in association with different types of cancer incidence and mortality, but 

many of these variants still have an unknown functional role. 

Methods: We performed an initial genome-wide association study on any type of 

cancer mortality in the Vlagtwedde-Vlaardingen cohort (n=8,645, 1965-1990) 

consisting of Caucasian individuals with a follow-up on mortality status on 

December 31st 2008. Genotyping was performed on 1546 unrelated individuals 

(cancer mortality subjects, n= 141) with Illumina CytoSNP-12 arrays. SNPs were 

called using the Illumina algorithm (Genome Studio, version 2.10.1). The 

associations between SNPs and cancer mortality risk were assess using Cox 

proportional hazards regression under an additive genetic model with adjustment 

for age (at the last survey (1989/1990)) and sex, using GenABEL package in R. 

Genome-wide significant was set at p=2.06×10-7 (definition based on number of 

SNPs after quality control). 

Results: No SNPs reached genome-wide significance (P <2.06×10-7). However, 26 

SNPs were associated at P <1×10-4 with any type of cancer mortality (annotated to 

RCSD1, MSLN, NRXN1, PHIP, LRP1B, PHF21A, XKR5, NRXN1, CARD10, NBEA, 

EIF2AK3, and MASP1genes). 

Conclusion: Although we observed no genome-wide significant SNPs associated 

with mortality due to any cancer, the identification of new loci in this study may 

provide insight into the genetic and molecular mechanisms related to cancer 

development. These finding should be replicated in other studies.  
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Introduction 

  

The recent Genome-wide association studies (GWASs) on different types of cancer 

identified several novel genetic variants that were not previously reported by 

candidate gene studies (1). Although several SNPs were identified to be associated 

with cancer, many still have an unknown functional role, thus the biological 

mechanisms underlying these associations are poorly understood.   

Moreover, it has been hypothesized that a single allele or locus mutation may lead to 

multiple phenotypes (pleiotropy) (2).  There is emerging evidence for pleiotropy in 

the recent cancer GWA studies. For instance the 8q24 locus is one of the most 

important to emerge from cancer GWAS studies, and has been known to be 

associated with more than one cancer type including prostate and colorectal cancer, 

and is probably associated with breast cancer (3-6). Another example are the variants 

in the 5p15.33 locus, specifically the region annotated to the TERT and CLPTM1L 

genes, previously proposed to be associated with risk of several types of cancer 

including lung cancer (7). The biology of the TERT gene makes it a compelling 

candidate for a gene that predisposes to many cancers. Since the majority of studies 

so far were based on cancer incidence, little is known about pleiotropy for mortality 

due to any cancer. Further GWAS studies may identify additional loci associated 

with any cancer mortality.  

We therefore conducted an initial genome-wide association study (GWAS) to 

identify single nucleotide polymorphisms (SNPs) that are associated with mortality 

due to any type of cancer using the Vlagtwedde-Vlaardingen cohort (8,9). This large 

cohort was followed up for 18 years and offers us the unique possibility to 

investigate these associations.  

 

http://en.wikipedia.org/wiki/Locus_(genetics)
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Methods 

 

Population 

We studied the association of SNPs and mortality due to any type of cancer using 

the Vlagtwedde-Vlaardingen cohort study (8,9). The Vlagtwedde-Vlaardingen study 

is a general population based cohort of exclusively Caucasian individuals of Dutch 

descent. The study started in 1965 and participants had medical examinations every 

three years until the last survey in 1989/1990.  Data on age, sex, smoking habits, and 

place of residence was collected using the Dutch version of the British Medical 

Research Council questionnaire (10). The vital status of all participants in the 

Vlagtwedde-Vlaardingen study was updated on December 31st, 2008, and any type 

of cancer mortality either as primary or secondary cause of death was evaluated. 

Cancer mortality was classified according to the International Classification of 

Diseases (ICD) coding system: any cancer (ICD 7: 140-239, 294; ICD 8: 140-239; ICD 

9: 140-239 and 288; ICD 10: C00-C97, D00-D48). 

 

Genotyping 

Neutrophil depots from peripheral blood samples of participants in the Vlagtwedde-

Vlaardingen cohort study were collected and stored at -20 °C, in the final survey 

(1989/1990). DNA was extracted from these samples using QIAam DNA blood mini 

kit (Qiagen, Hilden, Germany) in 2003/2004. The DNA concentrations were checked 

by NanoDrop ND-1000 UV–Vis spectrophotometer (NanoDrop Technologies, 

Wilmington, DE). A genome wide association study was performed on 1554 

unrelated individuals using the Illumina CytoSNP-12 arrays, comprising 301,232 

SNPs. The SNPs were called with the use of the Illumina algorithm (Genome Studio, 

version 2.10.1).  

 

Quality Control 

Quality Control (QC) was performed in Plink by excluding SNPs with call rates less 

than 95%, a minor allele frequency (MAF) of less than 1%, or deviation from Hardy–



113 
 

Weinberg equilibrium (p<0.001) as well as by excluding samples with call rates 

below 95% (11).  

 

Statistical analyses 

First, descriptive analyses of the subject characteristics and the mortality statistics 

were performed. The associations between SNPs, and cancer mortality were 

assessed using Cox proportional hazards regression under an additive genetic 

model with adjustment for age (continuous, at the final survey (1989/1990)), and 

sex, using the GenABEL package in R.  Time was defined from the last survey 

(1989/1990) until mortality due to any type of cancer as the endpoint of interest or 

until censoring. In the Cox regression, censoring took place when the subjects were 

still alive, were lost to follow-up, or died of causes other than cancer. Subjects for 

which the cause of dead was unknown or died due to external causes of death, such 

as suicide or homicide, were excluded from the analyses. Quantile-quantile (Q-Q) 

plots for all SNPs were generated from Cox models and the genomic inflation factor 

(λ) was calculated. The threshold p-value for a genome-wide significance of 2.06×10-7 

was calculated by dividing α=0.05 by number of test performed (n=242,925). 

 

Scanning of the SNPs and genes information 

We annotated SNPs to genes using a SNP and CNV annotation database 

(www.scandb.org). Gene functions were found using the GeneCards database 

(www.genecards.org). We also checked whether the top SNPs associated with cancer 

mortality were found in other GWAS studies to be predictors of other traits or 

diseases using GWAS Central (http://www.gwascentral.org), and Catalog of 

Published Genome-Wide Association Studies (http://www.genome.gov). Moreover, 

Expression Quantitative Trait Locus (eQTL) mapping methods were used to study 

whether SNPs were associated with gene expression (12-13). We used the SCAN 

database to assign top associated SNPs to genes and to check whether they are 

expression quantitative trait loci (eQTLs) in Caucasians (p < 0.0001). The SCAN 

database provides expression data in lymphoblastoid cell lines (14). 

http://www.scandb.org/
http://www.genecards.org/
http://www.gwascentral.org/
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Results 

 

The characteristics of the Vlagtwedde-Vlaardingen cohort are shown in table 1. After 

QC, 242,925 genotyped SNPs were available (58,307 SNPs were excluded) and 1546 

subjects were included in the analysis. Out of the 1546 genotyped subjects, 141 

subjects had died due to any type of cancer (95 males (67.4%) and 46 females 

(32.6%)). The mean (sd) age at the last survey of subjects who died due to cancer was 

56.0 (8.8) (table1).  

The Q-Q plot (Figure 1) and the genomic inflation factor (λ=1.02) indicated 

appropriate quality control and no population stratification. After testing 242,925 

genotyped SNPs for association with any type of cancer mortality, we found that no 

association met the threshold criterion of genome-wide significance (P < 2.06×10-7). 

However, we identified 26 SNPs with a P-value < 1×10-4) (table 2 and figure 2).  

Whether SNPs associated with any cancer mortality are eQTLs is indicated in  

Table 2. One of the top identified SNPs, rs1520439 is an intronic SNP in the NRXN1 

gene, and associated with expression of Centromere Protein H (CENPH) gene, 

which has been known to be associated with hypopharynx and tongue cancer. 

Another example, rs35775016 is an eQTL for Ring Finger Protein 216 (RNF216) gene. 

Expression of RNF216 is associated with obesity and gastric cancer. In addition,  

a summary of gene functions for these 26 SNPs is shown in table 3. 

The top SNPs in our study were associated with other traits or diseases at p ≤ 0.05 in 

previously performed GWA studies (Table 4). These traits include amyotrophic 

lateral sclerosis, Alzheimer’s disease, and kuru (a group of neurological disorders) 

and etc. 

Table 5 shows the associated SNPs in our study in the 8q24 or 5p15.33 locus. These 

two loci have previously been proposed to be associated with risk of several types of 

cancer (pleiotropy).  

 

http://www.sciencedirect.com/science/article/pii/S0021915013001755#appsec1
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Discussion 

 

To our knowledge, this is the first genome-wide association study to identify SNPs 

associated with risk of mortality due to any type of cancer. Our GWA study did not 

identify genome-wide significant associations of SNPs (P <2.06×10-7) with risk of any 

cancer mortality but we identified 26 SNPs with a P-value <1× 10-4). These SNPs are 

located in or near the RCSD1, MSLN, NRXN1, PHIP, LRP1B, PHF21A, XKR5, 

NRXN1, CARD10, NBEA, EIF2AK3, and MASP1 genes. 

Some of the SNPs identified in our study lie in or near genes that appear to be 

biologically plausible involved in the development of cancer and metastasis. For 

example our main hit SNP rs4657692 (HR=1.90, p=1.42×10-6) is located in the RCSD 

domain containing 1 gene (RCSD1). This gene is also known as CAPZIP, or CapZ 

interacting protein. This gene is involved in the remodeling of the actin cytoskeleton, 

which plays an important role in mitosis (15). Cancer and mitosis are closely related 

(15). One explanation for this relation is that mitosis can lead to aneuploid progeny, 

which is a common characteristic of tumors. On the other hand, drugs that arrest 

cells in mitosis, known as antimitotics, are common treatments for different cancer 

types (16). Suggesting that, mitosis and cancer may have a common progression 

pathway. 

Another key finding of our study SNP rs9927389 (HR=2.54, p=2.72×10-5) is located in 

the MSLN (mesothelin) gene.  Mesothelin has a limited expression in normal tissues, 

but it is an ideal tumor-associated marker for the development of targeted therapy 

(17). A high expression of mesothelin has been identified in various cancer types 

such as mesothelioma, ovarian, pancreas and lung cancer. The biological function of 

mesothelin is not clear (18). However, studies on ovarian cancer show that 

mesothelin may play a role in cell adhesion which is important in the metastatic 

spread of ovarian cancer (19,20). 

Within the top 10 most significant SNPs, we observed rs10943613 (HR=2.62 

p=3.75×10-5) which is located in pleckstrin homology domain interacting protein 

(PHIP) gene. De Semir et al (21) showed a direct relationship between over-

expression of the PHIP gene and reduced survival in tumor-bearing mice. 
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Suppression of PHIP in melanoma cells suppressed metastatic potential and 

prolonged the survival of tumor-bearing mice (21).  

Rs1750570 (HR=0.55, p=6.19×10-5) is not annotated to a known gene but it is located 

near VEGF-A (Vascular endothelial growth factor A) gene (Left gene). In the human 

genome, the VEGF-A gene is located on chromosome 6 at position p12–21. This gene 

is known as a critical step in both tumor growth and metastasis. Currently, 12 

different isoforms of VEGF-A have been described. Among these isoforms, VEGF-A 

165 is the most prevalent one and it is overexpressed in several human solid tumors 

(22). In a recent study, Anderozzi et al (23) observed over expression of VEGF-A in 

several tumor cells, whereas it was not observed in normal tissues (23). 

It is worth mentioning that some of the SNPs, and genes, identified in our study 

have been previously linked to other traits or diseases. This may suggest that these 

SNPs are predictors of cancer mortality via these intermediate phenotypes. For 

example, rs1520439 is located in NRXN1, which has been known to be associated 

with metabolite levels (24), and longevity (25). Interestingly, 6 SNPs (rs4657692, 

rs7570685, rs7551349, rs9314611, rs10957998, rs7590358) among our top hits were 

associated with Amyotrophic Lateral Sclerosis (ASL). Possible biological 

mechanisms linking ALS to cancers have been previously proposed. One possible 

biological mechanism relates to the role of metabotropic glutamate receptors. 

Glutamate receptors have been implicated in neurodegenerative pathology. An ALS 

treatment drug has been shown to interfere with signaling from Glutamate 

receptors. Glutamate receptor subunits are expressed in different cancer types such 

as melanoma. Moreover, an increased expression of neurotrophic factors, such as 

insulin-like growth factor 1 (IGF-1), vascular endothelial growth factor (VEGF), and 

hepatocyte growth factor (HGF) were observed in ASL. Some of these factors such as 

HGF and growth factors, known to be associated with both neuronal survival and 

tumorigenesis (26-28). Finally, rs13034302 is located in LRP1B gene. A study on 85 

years old subjects and no major disease relieved that haplotypes in the LRP1B gene 

are associated with aging without cognitive decline (29) (table 4).  
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Some of the SNPs identified in our study lie in or near previously found loci. For 

instance, our 20th associated SNP, rs546597 is located near cyclin D1 (CCND1) gene 

(right gene), which has been associated with blood-related cancer and renal cell 

carcinoma (1). Another example is rs6003007 which is located near the tubulin 

tyrosine ligase-like family, member 1 (TTLL1) gene. TTLL1 is known to be associated 

with prostate cancer (1). Finally, based on GWAS central database, rs6086545 is 

known to be associated with prostate and breast cancer. 

Although a number of variants in association with cancer incidence have been 

identified, a limited number of GWAS on cancer mortality has been performed, and 

the majority of them addressed the survival among cancer patients rather than 

investigating cancer mortality in the general population. The only GWAS on 

prostate cancer mortality, comparing lethal prostate cancer cases to surviving cases 

at least 10 years after their diagnosis, reported that no variants were significantly 

associated at a genome-wide level (P ≤ 1 ×10-7) with prostate cancer mortality (30). 

To our knowledge only 3 studies were based on breast cancer mortality and survival 

after diagnosis using the GWAS approach. One of these studies reported rs4778137 

in OCA2 gene is associated with total mortality among European females with 

estrogen receptor negative breast cancer (31). The other study found no SNPs 

associated with breast cancer survival (32). Finally Xiao et al in a GWAS among 

Chinese females suggested that the RAD51L1 gene and a chromosome 16 locus may 

affect the breast cancer prognosis (33).  For the majority of these proposed genes 

more studies are needed to identify their role in the development of cancer among 

different populations.  

A recent systematic review of cancer GWAS and candidate gene meta-analyses 

summarized the findings from a decade of published genetic associations with 

cancer and reported that very few associations were found in both of the 

approaches, thus indicating overlap. One of the few examples of such an overlap is 

variations in ALDH2, which is a major risk factor for esophageal cancer incidence. It 

is notable that some of the reported genes were associated with incidence of more 

than one cancer type. For instance glutathione S-transferase mu 2 (muscle) (GSTM) 

gene has been reported to be associated with risk of bladder cancer, leukemia, lung 
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cancer, and nasopharyngeal cancer incidence. Matrix metallopeptidase 2 (MMP2) 

gene is another example, which has been linked to lung cancer, and esophageal 

cancer (1). So far, no GWAS or candidate gene study was available on mortality due 

to any cancer in the general population. 

The main strength of our study is the longitudinal design with 18 years of follow-up. 

However the relatively low number of 141 subjects who died due to cancer may be 

considered as a limitation in our study. Another limitation is the lack of replication.  

In conclusion, the current study reports no genome-wide significant SNPs associated 

with any cancer mortality. However, the genetic markers identified in this study 

could provide biological insight to improve therapy for cancer and help to expand 

the knowledge about the pleiotropy for any type of cancer. The next step is to 

strengthen support for these associations by replication in other cohorts. 
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     Table 1 Population characteristics of the Vlagtwedde-Vlaardingen cohort according to vital status. 
  

 

 Alive Died due to 

 cancer 

Died but not due  

to cancer 

Died due to  

external causes 

     
N  1174 141 199 16 

Males, (%) 575 (49.0) 95 (67.4) 127 (63.8) 12 (80.0) 

Age at last survey, 
 1989/90 (median, range) 

50.1 (35.9-78.8) 60.5 (37.5-80.9) 64.8 (37.3-79.6) 58.9 (39.3-72.4) 
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Table 2  26 SNPs found to be associated with any cancer mortality in Vlagtwedde-Vlaardingen cohort with a p-value < 1×10-4.

SNPs ID Chr. Position Gene eQTL* Allele HR 95%CI P-value MAF 

          
rs4657692 1 165877845 RCSD1 NA C/T 

1.90 
(1.46-2.46) 1.42e-06 0.368 

rs2152686 13 18811270 NA C15orf31 C/T 
3.39 

(2.05-5.58) 1.74e-06 0.049 

rs9927389 16 754059 MSLN 
 
 
 

NA C/T 
2.54 

(1.64-3.94) 2.72e-05 0.023 

rs6003007 22 41760021 NA NA A/G 
0.58 

(0.45- 0.75) 2.88e-05 0.087 

rs726657 9 116736157 NA NA A/G 
2.56 

(1.65-3.98) 2.97e-05 0.425 

rs1520439 2 50503606 NRXN1 CENPH A/G 
0.40 

(0.26- 0.62) 3.73e-05 0.266 

rs7570685 2 32906267 NA NA C/T 
0.59 

(0.46- 0.76) 3.75e-05 0.343 

rs10943613 6 79801826 PHIP DUSP10 C/T 
2.62 

(1.66-4.12) 3.75e-05 0.447 

rs4817193 21 28179020 NA NA A/G 
1.68 

(1.32-2.15) 3.76e-05 0.481 

rs12468889 2 49034511 NA NA G/T 
2.69 

(1.68-4.31) 3.99e-05 0.431 

rs11952077 5 8468608 NA NA A/G 
1.68 

(1.31-2.16) 4.30e-05 0.405 

rs7551349 1 240762262 NA NA C/T 
1.79 

(1.35-2.36) 5.06e-05 0.193 

rs7682983 4 190065186 NA NA G/T 
2.16 

(1.49-3.13) 5.10e-05 0.399 

rs13034302 2 140827147 LRP1B NA A/C 
1.84 

(1.37-2.47) 5.16e-05 0.089 

rs35775016 5 10141310 NA RNF216, XKR8 A/G 
0.61 

(0.48- 0.77) 5.51e-05 0.108 

rs2959104 11 46021612 PHF21A NA A/G 
2.77 

(1.69-4.55) 5.72e-05 0.058 

rs1750570 6 44000213 NA NA A/G 
0.55 

(0.41-0.74) 6.19e-05 0.248 

rs9314611 8 6653994 XKR5 NA A/G 
2.61 

(1.62-4.21) 7.13e-05 0.338 

rs10957998 8 82141422 PAG1 PCGF1,SLAMF1,TNIP1 C/T 
1.97 

(1.41-2.77) 7.54e-05 0.391 

rs7590358 2 50536463 NRXN1 NA C/T 
0.33 

(0.19- 0.57) 7.83e-05 0.058 

rs546597 11 69061092 NA NA C/T 
1.68 

(1.30-2.18) 8.13e-05 0.301 

rs6086545 20 863863 NA NA A/C 
2.48 

(1.58-3.91) 8.20e-05 0.239 

rs3817805 22 36230708 CARD10 NA A/G 
1.70 

(1.30-2.22) 8.46e-05 0.100 

rs2027560 13 34956983 NBEA FLJ44451,IDS,LOC727913,SFXN3 A/C 
1.77 

(1.33-2.34) 8.71e-05 0.401 

rs10167879 2 88649111 EIF2AK3 NA A/G 
1.60 

(1.27-2.02) 9.44e-05 0.085 

rs710451 3 188431482 MASP1 NA A/C 
0.54 

(0.39- 0.73) 9.99e-05 0.474 
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Table 3 Function of the genes of the 26 SNPs found to be associated with mortality due to any cancer in Vlagtwedde-Vlaardingen 

cohort with a p- value < 1×10-4. (Source:  http://www.genecards.org). 
  

  SNPs ID Gene Left_gene Right_gene Full name and function (s) 

rs4657692 

 

RCSD1 CREG1 

 

LOC100128751 RCSD Domain Containing 1. Stress-induced Phosphorylation of CAPZIP may regulate the ability of 
CAPZ to remodel actin filament assembly. 

rs2152686 NA LOC100101938 LOC100129883 NA 

rs9927389 MSLN  
 
 
 

NARFL MSLNL Mesothelin. This gene encodes a precursor protein that is cleaved into two products, megakaryocyte 
potentiating factor and mesothelin. Megakaryocyte potentiation factor functions as a cytokine that can 
stimulate colony formation in bone marrow megakaryocytes. Mesothelin is a 
glycosylphosphatidylinositol-anchored cell-surface protein that may function as a cell adhesion 
protein. 
 

rs6003007 NA PACSIN2 TTLL1 Protein Kinase C And Casein Kinase 
Substrate In Neurons  This gene may play 
 a role in vesicle formation and transport 

Tubulin Tyrosine Ligase-Like Family, Member 1. 
Catalytic subunit of the neuronal tubulin 
polyglutamylase complex. Modifies alpha- and beta-
tubulin, generating side chains of glutamate on the 
gamma-carboxyl groups of specific glutamate 
residues within the C-terminal tail of alpha- and 
beta-tubulin 
 

rs726657 NA TNFSF8 TNC Tumor Necrosis Factor (Ligand) 
Superfamily, Member 8. Induces 
proliferation of T-cells 

Tenascin C. Extracellular matrix protein implicated 
in guidance of migrating neurons as well as axons 
during development, synaptic plasticity as well as 
neuronal regeneration. Promotes neurite outgrowth 
from cortical neurons grown on a monolayer of 
astrocytes. Ligand for integrins alpha-8/beta-1, 
alpha-9/beta-1, alpha-V/beta-3 and alpha-V/beta-6. 
 

rs1520439 NRXN1 LOC130728 LOC730100 Neurexin 1. Neuronal cell surface protein that may be involved in cell recognition and cell adhesion by 
forming intracellular junctions through binding to neuroligins. May play a role in formation or 
maintenance of synaptic junctions. May mediate intracellular signaling. May also play a role in 
angiogenesis. 
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rs7570685 NA TTC27 LTBP1 Tetratricopeptide repeat domain 27. NA Latent transforming growth factor beta binding 
protein 1.  This gene may be involved in the 
assembly, secretion and targeting of TGFB1 to sites at 
which it is stored and/or activated. May play critical 
roles in controlling and directing the activity of 
TGFB1. May have a structural role in the extra 
cellular matrix (ECM). 

rs10943613 PHIP IRAK1BP1 HMGN3 Pleckstrin homology domain interacting protein. Probable regulator of the insulin and insulin-like 
growth factor signaling pathways. Stimulates cell proliferation through regulation of cyclin 
transcription and has an anti-apoptotic activity through AKT1phosphorylation and activation. Plays a 
role in the regulation of cell morphology and cytoskeletal organization. plays a role in pancreatic beta 
cell growth and survival 
 
 
 
 
 
 

rs4817193 NA RPL10P1 C21orf94 Ribosomal protein L10 pseudogene 1. NA Long intergenic non-protein coding RNA 314. NA 

rs12468889 NA LOC646936 FSHR NA Right_gene: Follicle stimulating hormone receptor.  
Receptor for follicle-stimulating hormone. The 
activity of this receptor is mediated by G proteins 
which activate adenylate cyclase. 
 

rs11952077 NA MTRR LOC729506 5-Methyltetrahydrofolate-Homocysteine 
Methyltransferase Reductase. This gene is 
involved in the reductive regeneration of cob 
(I) alamin cofactor required for the 
maintenance of methionine  synthase in a 
functional state. 
 

 

rs7551349 NA PLD5 LOC391183 Phospholipase D family, member 5. NA NA 

rs7682983 NA LOC285442 HSP90AA4P NA NA 

rs13034302 LRP1B MRPS18BP2 LOC100129955 Low density lipoprotein receptor-related protein 1B. This gene belongs to the low density lipoprotein 
(LDL) receptor gene family. These receptors play a wide variety of roles in normal cell function and 
development due to their interactions with multiple ligands. 
 

rs35775016 NA TAS2R1 FAM173B Taste Receptor, Type 2, Member 1. Receptor 
that may play a role in the perception of 
bitterness and is gustducin-linked. May play 
a role in sensing the chemical composition of 
the gastrointestinal content. The activity of 
this receptor may stimulate alpha gustducin, 
mediate PLC-beta-2 activation and lead to 
the gating of TRPM5. 
 

Family with sequence similarity 173, member B. 
NA 
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rs2959104 PHF21A GYLTL1B LOC401679 PHD finger protein 21A. This gene encodes BHC80, a component of a BRAF35 (MIM 605535)/histone 
deacetylase complex. Component of the BHC complex, a corepressor complex that represses 
transcription of neuron-specific genes in non-neuronal cells. The BHC complex is recruited at 
RE1/NRSE sites by REST and acts by deacetylating and demethylating specific sites on histones, 
thereby acting as a chromatin modifier. In the BHC complex, it may act as a scaffold. Inhibits KDM1A-
mediated demethylation of 'Lys-4' of histone H3 in vitro, suggesting a role in demethylation 
regulation. 
 rs1750570 NA VEGFA C6orf223 Vascular endothelial growth factor A. 
Growth factor active in angiogenesis, 
vasculogenesis and endothelial cell growth. 
Induces endothelial cell proliferation, 
promotes cell migration, inhibits apoptosis 
and induces permeabilization of blood 
vessels. Binds to the FLT1/VEGFR1 and 
KDR/VEGFR2 receptors, heparan sulfate 
and heparin. NRP1/Neuropilin-1 binds 
isoforms VEGF-165 and VEGF-145. Isoform 
VEGF165B binds to KDR but does not 
activate downstream signaling pathways, 
does not activate angiogenesis and inhibits 
tumor growth. 
 

Chromosome 6 open reading frame 223. NA 

rs9314611 XKR5 AGPAT5 LOC730495 XK, Kell blood group complex subunit-related family, member 5. NA 

rs10957998 PAG1 ZNF704 UBE2HP Phosphoprotein associated with glycosphingolipid microdomains 1. Negatively regulates TCR (T-
cell antigen receptor)-mediated signaling in T-cells and FCER1 (high affinity Immunoglobulin epsilon 
receptor)-mediated signaling in mast cells. Promotes CSK activation and recruitment to lipid rafts, 
which results in LCK inhibition. Inhibits immunological synapse formation by preventing dynamic 
arrangement of lipid raft proteins. May be involved in cell adhesion signaling. 
 rs7590358 NRXN1 LOC130728 LOC730100 Neurexin 1. 
  

rs546597 NA IFITM9P CCND1 Interferon induced transmembrane 
protein 9 pseudogene. NA 

Cyclin D1. Regulatory component of the cyclin D1-
CDK4 (DC) complex that phosphorylates and inhibits 
members of the retinoblastoma (RB) protein family 
including RB1 and regulates the cell-cycle during 
G(1)/S transition. Phosphorylation of RB1 allows 
dissociation of the transcription. factor E2F from the 
RB/E2F complex and the subsequent 
Right_gene: transcription of E2F target genes which 
are responsible for the progression through the G(1) 
phase. Hypophosphorylates 
RB1 in early G(1) phase. Cyclin D-CDK4 complexes 
are major integrators of various mitogenenic and 
antimitogenic signals. Also substrate for SMAD3, 
phosphorylating SMAD3 in a cell-cycle-dependent 
manner and repressing its transcriptional activity. 
Component of the ternary complex, cyclin 
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D1/CDK4/CDKN1B, required for nuclear 
translocation and activity of the cyclin D-CDK4 
complex. 
 

rs6086545 NA ANGPT4 RSPO4 Angiopoietin 4. This gene binds to 
TEK/TIE2, modulating ANGPT1 signaling 
and can induce tyrosine phosphorylation of 
TEK/TIE2. This gene also promotes 
endothelial cell survival, migration and 
angiogenesis. 
 

R-spondin 4. Activator of the beta-catenin signaling 
cascade, leading to TCF-dependent gene activation. 
Acts both in the canonical Wnt/beta-catenin-
dependent pathway and in non-canonical Wnt 
signaling pathway, probably by acting as an inhibitor 
of ZNRF3, an important regulator of the Wnt 
signaling pathway. 
 

rs3817805 CARD10 MFNG CDC42EP1 Caspase recruitment domain family, member 10. The caspase recruitment domain (CARD) is a 
protein module that consists of 6 or 7 antiparallel alpha helices. It participates in apoptosis signaling 
through highly specific protein-protein homophilic interactions. Like several other CARD 
proteins, CARD10 belongs to the membrane-associated guanylate kinase (MAGUK) family and 
activates NF-kappa-B (NFKB; see MIM 164011) through BCL10. Activates NF-kappa-B via BCL10 and 
IKK. 
 

rs2027560 NBEA MAB21L1 DCLK1 Neurobeachin. This gene encodes a member of a large, diverse group of A-kinase anchor proteins that 
target the activity of protein kinase A to specific subcellular sites by binding to its type II regulatory 
subunits. Brain-specific expression and coat protein-like membrane recruitment of a highly similar 
protein in mouse suggest an involvement in neuronal post-Golgi membrane traffic. Mutations in this 
gene may be associated with a form of autism. This gene and its expression are frequently disrupted in 
patients with multiple myeloma. Alternative splicing results in multiple transcript variants encoding 
distinct isoforms. Additional transcript variants may exist, but their full-length nature has not been 
determined. Binds to type II regulatory subunits of protein kinase A and anchors/targets them to the 
membrane. May anchor the kinase to cytoskeletal and/or organelle-associated proteins.  
 
 

rs10167879 EIF2AK3 C2orf51 RPIA Eukaryotic translation initiation factor 2-alpha kinase 3. Phosphorylates the alpha subunit of 
eukaryotic translation-initiation factor 2 (EIF2), leading to its inactivation and thus to a rapid reduction 
of translational initiation and repression of global protein synthesis. Serves as a critical effector of 
unfolded protein response (UPR)-induced G1 growth arrest due to the loss of cyclin-D1 (CCND1). 
 

rs710451 MASP1 RTP1 RTP4 Mannan-binding lectin serine peptidase 1 (C4/C2 activating component of Ra-reactive factor). 
Functions in the lectin pathway of complement, which performs a key role in innate immunity by 
recognizing pathogens through patterns of sugar moieties and neutralizing them. The lectin pathway 
is triggered upon binding of mannan-binding lectin (MBL) and ficolins to sugar moieties which leads 
to activation of the associated proteases MASP1 and MASP2. Functions as an endopeptidase and may 
activate MASP2 or C2 or directly activate C3 the key component of complement reaction. Isoform 2 
may have an inhibitory effect on the activation of the lectin pathway of complement or may cleave 
IGFBP5. 
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Table 4 P-values for top SNPs associated with mortality due to any cancer in Vlagtwedde-
Vlaardingen cohort and their association with other traits or disease (based on the GWAS 
central database). 

SNP Trait/disease in other GWA studies     p-value 

rs4657692 Amyotrophic lateral sclerosis   0.0185 

rs2152686 Serum cholestrol 0.0080 

rs9927389 Heigh-adjusted highest forced expiratory volume 0.0160 

Log 10 glycosylated haemoglobin  0.0190 

rs6003007 Flucloxacillin-induced liver injury 0.0019 

rs726657 Proinsulin levels 0.0340 

Flucloxacillin-induced liver injury 0.0237 

rs1520439 

Adult height 0.0217 

Rheumatoid arthritis 0.0243 

Brain glutamate concentrations 0.0145 

rs7570685 Log10 fibrinogen 0.0148 

Amyotrophic lateral sclerosis   0.3641 

rs10943613 Waist-hip ratio 0.034 

Glycated hemoglobin levels 0.0360 

rs4817193 Glycated hemoglobin levels 0.0141 

rs12468889 Pulmonary function (FEV1) 0.0144 

Fasting insulin 0.0384 

rs11952077 Two hour glucose challenge  0.0324 

rs7551349 
Amyotrophic lateral sclerosis   0.0008 

Alzheimer’s disease 0.0401 

Asthma 0.0060 

rs13034302 

Fasting glucose related; homeostatic model assessment of 

insulin resistance 
0.0345 

Flucloxacillin-induced liver injury 0.0064 

rs2959104 Proinsulin levels 0.0051 

rs9314611 Amyotrophic lateral sclerosis   0.0143 

Kuru 0.0174 

rs10957998 Systolic blood pressure 0.0206 

Amyotrophic lateral sclerosis   0.0143 

rs7590358 

Parkinson’s disease 0.0301 

Serum cholesterol  0.0123 

Amyotrophic lateral sclerosis   0.0079 

rs546597 Systolic blood pressure 0.0180 

Ulcerative colitis 0.0245 

rs6086545 Asthma 0.0400 

rs2027560 Crohn’s disease 0.0100 

rs710451 Partial epilepsies  0.0006 
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Table 5 Top associated SNPs with any cancer mortality in Vlagtwedde-Vlaardingen cohort 

located in or near locus 8q24 and locus 5p15. 

SNPs ID Chromosome Position P-value 

 

8q24 locus 

rs6997885 8 24031875 2.30E-01 

rs10097956 8 24094711 2.66E-01 

rs17051790 8 24122678 1.73E-01 

rs6980834 8 24138128 2.44E-01 

rs11992342 8 24154654 2.23E-01 

rs4559243 8 24221015 1.43E-01 

rs17737459 8 24275679 1.01E-01 

rs7012896 8 24283237 1.04E-01 

rs6557746 8 24285553 8.95E-02 

rs902847 8 24367198 2.59E-01 

rs11781622 8 24378741 2.71E-01 

rs1492415 8 24410561 9.71E-03 

rs11773926 8 24433531 1.48E-01 

rs17052263 8 24476252 1.61E-01 

rs7464587 8 24510378 4.24E-02 

rs4377969 8 24562232 1.23E-01 

rs4461905 8 24566766 6.70E-02 

rs6995471 8 24589864 3.44E-02 

rs12680982 8 24624709 9.91E-02 

rs2607605 8 24644749 1.87E-01 

rs7838471 8 24659652 2.40E-01 

rs196800 8 24688776 2.42E-01 

rs7844382 8 24729914 5.28E-02 

rs196896 8 24730318 2.00E-01 

rs2975186 8 24745451 4.47E-02 

rs118727 8 24790573 1.51E-02 

rs2979704 8 24809067 5.94E-02 

rs17830286 8 24817145 2.11E-01 

rs2979682 8 24819116 7.26E-02 

rs11135836 8 24844891 3.46E-02 

rs4872278 8 24855584 4.70E-02 

rs2976456 8 24869436 2.97E-02 

rs2950324 8 24873978 2.62E-01 

rs11773978 8 24903745 1.32E-01 

rs13265334 8 24915917 1.07E-01 

rs6984035 8 24944411 1.16E-01 

rs2874355 8 24967468 2.35E-01 

rs2950289 8 24991235 3.66E-03 

rs2979831 8 24993705 7.50E-02 
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5p15 locus 

rs6867275 5 15007802 6.09E-02 

rs7341022 5 15014182 6.60E-02 

rs35164783 5 15016619 6.89E-02 

rs735243 5 15039327 4.37E-02 

rs30539 5 15044842 5.90E-02 

rs10042043 5 15055447 1.18E-02 

rs251537 5 15059923 1.27E-01 

rs32447 5 15117438 6.63E-02 

rs1446040 5 15124021 3.37E-02 

rs2455489 5 15143511 2.41E-01 

rs301076 5 15155515 2.62E-01 

rs10520818 5 15589917 1.40E-01 

rs7704791 5 15632099 1.66E-01 

rs6878966 5 15647084 6.45E-02 

rs1127792 5 15654479 7.78E-02 

rs17647599 5 15659551 2.60E-01 

rs4701641 5 15697062 1.98E-01 

rs12516275 5 15712602 2.33E-01 

rs10039391 5 15729889 2.18E-01 

rs1015669 5 15750881 1.44E-01 

rs9637832 5 15757839 8.68E-02 

rs1505039 5 15779815 5.59E-02 

rs878963 5 15786211 2.05E-01 

rs16867730 5 15789739 2.60E-01 

rs10520827 5 15876687 2.24E-01 

rs6897647 5 15904024 8.55E-02 

rs6883363 5 15913562 4.58E-02 

rs13153362 5 15919799 1.26E-01 

rs1354182 5 15949793 3.81E-02 

rs6859383 5 15956987 5.88E-02 

rs42753 5 15964474 7.78E-02 

rs10520832 5 15985169 1.06E-01 
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Figure 1 Q-Q plot. Observed p-values are derived from Cox regression model on cancer mortality. 
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Figure 2 Manhattan plot showing the –log p-value for the SNPs associated with mortality due 

to cancer in an additive model. Horizontal line indicates the threshold of p-value <1×10-4.  
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