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Abstract  

Background and Aims: Novel genetic determinants associated with coronary artery disease (CAD) 

have been discovered by genome wide association studies. Variants encompassing the CELSR2- 

PSRC1-SORT1 gene cluster have been associated with CAD. This study is aimed to investigate 

the rs629301 polymorphism association with the extent of CAD evaluated by coronary angiography 

(CAG), and to evaluate its associations on an extensive panel of lipid and lipoprotein 

measurements in a large Italian cohort of 2429 patients. 

Methods and Results: The patients were collected by four Intensive Care Units located in Palermo 

and Verona (Italy). Clinical Records were filed, blood samples were collected, lipids and 

apolipoproteins (apo) were measured in separate laboratories. CAD was defined by the presence 

of stenotic arteries (>50% lumen diameter) by CAG.  

The presence of CAD was associated with the rs629301 genotype. Patients with CAD were 78% 

and 73% (p = 0.007) of the T/T vs. T/G+G/G genotype carriers respectively. T/T genotype was also 

correlated with the number of stenotic arteries, with a 1.29 (1.04 - 1.61) risk to have a three-

arteries disease. T/T genotype correlated with higher levels of LDL-, non-HDL cholesterol, apoB, 

apoE and apoCIII, and lower HDL-cholesterol. Logistic Regression confirmed that rs629301was 

associated with CAD independently from the common risk factors, with a risk similar to that 

conferred by ten years of age [odds ratios were 1.43 (1.04-1.96) and 1.39 (1.22-1.58) respectively]. 

Conclusions: rs629301 risk allele was independently associated with the extension and severity of 

CAD and positively with apoE and apoB containing lipoproteins. 
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Introduction 

High throughput DNA sequencing technologies have fueled the discovery of novel causative genes 

in monogenic diseases and of novel genetic and epigenetic determinants in complex multifactorial 

diseases as coronary artery disease (CAD).  High density single nucleotide polymorphisms (SNPs) 

genotyping in large cohorts identified old and novel genetic loci associated with CAD and 

atherosclerosis (1,2). A novel locus related to lipid traits (3) and cardiovascular disease (CVD) has 

been identified in the 1p13 chromosomal region (4). This locus includes a cluster of SNPs in three 

genes, CELSR2, PSRC1 and SORT1 in strong linkage disequilibrium (5). The contribution to lipid 

traits of these genes has been explored in knock-out /overexpression mouse models and SORT1 

gene showed to be the most relevant in affecting circulating cholesterol levels (5). Sortilin, encoded 

by SORT1 gene, has been demonstrated to regulate VLDL and LDL production and secretion in 

the liver, but other functions in peripheral tissues have been investigated in order to explain the 

correlation with CAD and glucose metabolism (6).  

The association of the 1p13 locus with CAD has been replicated in different studies, but very few 

studies have analyzed the association of this locus in cohorts of patients subjected to coronary 

angiography (CAG) (7). More, the relationships between CAD and the modifications of an 

expanded lipid and apolipoprotein panel in carriers of SNPs within the 1p13 haplotype have not 

been investigated.  

In the present study we studied the rs629301 SNP from the 1p13 locus, since it has been 

considered relevant in a panel of six SNPs able to measure the polygenic burden in 

hypercholesterolemia (8), and we evaluated its association with CAD and with an extensive lipid 

and apolipoprotein panel in a large cohort of patients who underwent CAG into four Italian 

Intensive Care Units (ICU). 

Methods 

Study patients 

Patients were enrolled in the study among those admitted to four ICUs of Verona and Palermo, 

Italy. 
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The Verona cohort is part of the “Verona Heart Study” project from the “Azienda Ospedaliera 

Universitaria Integrata” ICU, Verona, Italy and it has been described elsewhere (16). The three 

cohorts from Palermo have been enrolled in the “Azienda Ospedaliera Universitaria Policlinico 

Paolo Giaccone ” ICU at the University Hospital of Palermo , in the “Buccheri La Ferla” Hospital 

ICU and in the “Villa Maria Eleonora” Hospital ICU of Palermo. The relative cohorts have been 

described elsewhere (17,18), and their contributions to the study and data availability are 

presented in Supplemental Table 1. All patients were enrolled among those acceding 

consecutively to study ICUs to undergo a CAG procedure and willing to participate to the study. 

Years of enrollment are also indicated in Supplemental Table 1. 

All patients were investigated to obtain clinical history with careful ascertainment of CV risk factors 

as smoking status, diabetes mellitus, hypertension, dyslipidemia by careful revision of the patients 

documented clinical history.  A physical examination was performed and a blood sample was 

withdrawn for lipids and apolipoprotein determinations the day before the CAG procedure.  

CAD was assessed by CAG and coded according to the number of epicardial coronary arteries 

presenting a critical stenosis (> 50% of the vessel lumen), as no critical stenosis = 0, or 1,2,3 

critical arteries. 

Lipids and apolipoprotein determination. 

Non anticoagulated blood was separated by centrifugation and serum was stored at -80°C after 

mixing with a commercial antiprotease and beta-hydroxy-toluene cocktail. Total cholesterol (TC), 

triglycerides (TG), HDL-C were measured using standard enzymatic-colorimetric assays, while 

LDL-C and non-HDL-cholesterol (nonHDL-C) were calculated by Friedewald formula and TC – 

HDL-C difference respectively. Apoliproteins AI, B, CIII, E were measured by immuno-turbidimetry 

as described (16). 

Real-time-PCR rs629301 genotyping assay. 

Genomic DNA from all subjects were extracted from EDTA treated whole blood samples using 

standard commercial systems and stored at 4°C degrees. 

Genotyping of rs629301 in CELSR2 gene was carried out by a validated commercial TaqMan 

assay (Thermo Fisher) in a ViiA7 Real Time PCR System (Thermo Fisher). Each assay reaction 
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was composed of 5 μL TaqMan Universal Master Mix (2X) (Thermo Fisher), 0.25 μL assay mix 

(40X), 1-2 μL DNA (total input of 1-10 ng template), 3.75-2.75 μL H2O. Thermal cycling was 

performed at the following conditions: 95°C, 10 minutes; (95°C, 15 seconds; 60°C, 1 minute) for 40 

cycles. The genotyping call was done with SDS software v.1.3.0 (ViiA7 software RUO, Life 

Technologies). 

Ethical consideration 

All study patients signed a written consent to participate to the relative studies and to have their 

DNA sample stored. All the study protocols were approved by the respective local Ethical 

Committees and all the procedures adopted followed the Helsinki Declaration of 1973, as revised 

in 1983. All data were handled anonymously and no personal data able to identify patients were 

supplied to the researchers. 

Statistics 

Differences in prevalence rates between groups were assessed by Chi-square test, after 

adjustment for age and gender with Mantel-Haenszel test whenever appropriate. Age was used as 

predictor after conversion to decades (10 years intervals). Difference in means of numeric 

variables were assessed by ANOVA test after adjustment for age and gender as covariates. 

Homogeneity of variances were assessed by Levene’s test and, in case of non-homogeneous 

variances, post-hoc one-to-one comparisons were performed by Games-Howell’s test. Multiple 

Regression Analysis was performed with simultaneous evaluation of variables, without step-wise 

exclusion procedure. Multiple coefficients with relative standard errors are presented in tables. 

Alpha value was set to 0.05, multiple hypothesis comparisons were performed by Bonferroni test 

for ANOVA and by setting confidence intervals to 97.5 % for multiple regression. The power test for 

non-equality of proportions showed that the difference of CAD rates for the overall cohort (All), has 

a power of sample size of 0.834 with an alpha value of 0.05. The independent proportion power 

analysis was used to check the power of the sample to detect the difference in proportions. 

Statistics were performed using the SYSTAT 12 statistical package (Systat corporation, CA U.S.A.) 

or R statistical package (www.r-project.org/) when appropriate. 
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Results 

A total of 2429 patients were genotyped for rs629301, and 2013 of them had CAG data available. 

The relative contribution of each ICU involved in the study and the clinical and laboratory data 

available are shown in Supplemental Table 1. 

Table 1 shows the clinical and laboratory characteristics of the study cohort according to gender. 

Males presented significantly higher prevalence of smokers but lower prevalence of hypertension 

and dyslipidemia. Significantly more males accessed to ICU for AMI. Males showed higher levels 

of TG and lower TC and HDL-C, and nearly significantly (p=0.061) higher LDL-C levels, while in 

subset of patients Lipoprotein (a) levels was higher in males. Apolipoprotein AI and E were 

significantly lower in a subgroup of male patients (n = 1260). 

The rs629301 genotype frequencies in the whole cohort were: T/T = 0.69, G/T =0.28, G/G =0.03 

and agreed to Hardy Weinberg equilibrium (p = 0.209) as shown in Supplemental Figure 1.  

Figure 1 shows the association of the rs629301 T/T genotype with CAD by gender revealed by 

CAG. The T/T genotype was associated with a higher proportion of subjects with one or more 

coronary arteries with critical stenosis, with an increased risk of having stenotic coronary arteries 

for T/T carriers. Age and gender adjusted odds ratios were 1.10 (0.83 - 1.46), 1.33 (1.01- 1.74) and 

1.54 (1.17- 2.02) for 1 ,2 or 3 stenotic arteries vs. no critical stenosis, respectively.  

The rs629301 T allele exerted a gene-dose association on the number of subjects with triple-

vessel disease (TVD), and conversely a decreasing effect on the number of subjects without CAD 

detected by CAG (Supplemental Figure 2). 

Overall rate of CAD was 0.786 in T/T risk genotype carriers vs. 0.732 in non-carriers (cumulated 

G/T and G/G genotypes) with an age and gender adjusted odds ratio of 1.34 (1.07- 1.67) as shown 

in Supplemental Figure 3. Power of the sample size was 0.834 with an alpha level of 0.05. Similar 

results were found according to gender, though results were not significant for females due to the 

low numerosity of the sample (Supplemental Figure 3). 

Table 2 shows the clinical and laboratory parameters of the study cohort according to rs629301 

genotype. Carriers of the T/T genotype presented higher prevalence of dyslipidemia, with 

significantly higher levels of LDL-C, nonHDL-C, apoB, apoE, apoCIII, and lower levels of HDL-C. A 
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higher number of subjects with CAD characterized by CAG were found among carriers of T/T 

genotype in comparison with non-carriers.  

The association of rs629301 T/T risk genotype with lipid and lipoprotein levels were also confirmed 

after excluding from the analysis the patients that either were on lipid lowering therapy or without 

any information about lipid lowering therapy (Supplemental Table 2). 

The rs629301 T allele showed a clear additive gene-dose effect (for 0, 1 or 2 alleles) for most of 

the significant variables analyzed, though the small numerosity of the G/G genotypes limited the 

power of the statistical test (Supplemental Table 3). 

Figure 2 shows the independent risk of CAD for the main CV risk factors considered in the study. 

Age, male gender, diabetes, hypertension, smoking habit, all significantly contributed to risk of 

CAD. The rs629301 T/T genotype remained independently associated with CAD with an odds ratio 

of 1.43 (1.04-1.96), after adjustment for all the risk factors. 

Contribution of the rs629301 T allele was investigated in Supplemental Table 4, confirming the 

positive associations of rs629301 with most of the lipid measurements. The presence of a single 

copy of the T allele was associated with an significant increase of TC, LDL-C and non HDL-C 

levels of 0.09, 0.11 and 0.13 mmol/L respectively, and with a decrease of HDL-C levels of 0.04 

mmol/L. Also, apoCIII levels were increased by 0.05 g/L and Diabetes prevalence was 

incremented by 7%. 

Discussion 

The 1p13 locus was identified by several studies as associated with CAD and CVD (9,10).  The 

analysis of the locus identified many SNPs in strong linkage disequilibrium corresponding to a 

relatively common haplotype conferring an increased risk of CAD and CVD (5). The risk haplotype 

in the chromosomal region 1p13 was expressed “in vitro” and displayed an increased expression of 

the three nearest genes, CELSR2, PSRC1 and SORT1. The rs12740374 was identified as the 

main determinant of the haplotype effect by selective knock-out of the haplotype SNPs in a 

luciferase expression model (5). SORT1 was also demonstrated to be associated with cholesterol 

levels in mice models of knockdown/overexpression genetic models (5). The analysis of the effects 
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of different SNPs in linkage disequilibrium on lipid values and CVD showed that the risk is 

conferred by the common homozygous haplotype (5,7). Our data in Supplemental Table2 and 

Supplemental Table4 suggest that the risk of CAD is proportional to the number of T alleles.  The 

increase was more evident for non-HDL cholesterol, increased by 0.13 mmol/L by a single T allele. 

Since also Diabetes prevalence was increased by 7%, with an estimated 14% increase in T/T 

homozygotes. 

The sortilin protein, the product of SORT1, is expressed in many tissues and organs, and it is 

involved in protein-trafficking among cell organelles (11). Sortilin works also as a cell membrane 

signaling protein and can be secreted in the plasma after cleavage (6). The mechanism behind the 

association of SORT1 and CVD resides in the role of sortilin in regulating lipid and glucose 

metabolisms, though the studies that evaluated the alteration of SORT1 expression did not bring 

consistent results (6). It has been suggested that the lack of sortilin might decrease the liver output 

of apoB containing lipoproteins, but other factors, as insulin resistance or free fatty acids 

availability, seem able to modulate this effect (6).  SORT1 expression is reduced by insulin 

resistance (IR) in the liver (6,10), while fibrates and polyunsaturated fatty acids antagonizes IR and 

seem to rescue sortilin production, reducing the hepatic lipoprotein output (12). Sortilin has been 

linked also to a direct effect on plaque inflammation and calcification (10). 

The main aim of this paper is to investigate the association of the rs629301 SNP with the extension 

of CAD evaluated by CAG. This SNP has been correlated with lipid levels in large GWAS settings 

(13) and it has been included in a list of SNPs able to predict the polygenic burden in 

hypercholesterolemia (8), resulting among the most powerful SNPs affecting LDL-C levels (8). 

Our study shows that the rs629301 T allele, which is the allele included in the 1p13 risk haplotype 

(5), is associated with the presence of CAD and with its extension, expressed as the number of 

coronary arteries with critical stenoses.  The T/T genotype is associated with CAD independently 

from the conventional CV risk factors, increasing by roughly 43% the risk to detect a critical 

stenosis by CAG, but it is also associated to the extension of CAD, as shown in Figure 1.   

Three SNP within the 1p13 locus, rs599839, rs646776, and rs4970834 were associated with CAD 

documented by CAG in a smaller German cohort independently from common risk factors (7). The 
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same cohort showed association of SNP risk alleles with lipid and lipoprotein levels similar to the 

present study (7). In a New Zealand cohort, the rs599839 homozygous common genotype was 

associated with a prospective risk for non-ST elevation myocardial infarction (NSTEMI) of 1.33 in 

the 8 years of follow-up (14). Results comparable to the present Italian cohort were found in a 

Chinese cohort of patients subjected to CAG (15), demonstrating that the effect of the 1.p13 locus 

is shared among different ethnic groups. 

A secondary aim of this study was to understand how the 1p13 haplotype affects lipoprotein 

characteristics using an extensive panel of lipids and apolipoproteins, including apoAI, apoB, apoE, 

apoCIII and Lp(a), that were measured in a large subset of the present cohort. The rs629301 T/T 

genotype was associated with an increase of all apoB-containing lipoproteins, as suggested by the 

increase of LDL-C, nonHDL-C, apoB and apoE. Since apoE represents a measure of the amount 

of circulating triglyceride rich lipoproteins (TRL), it is plausible that VLDL and IDL contributed to the 

observed increase in apoB and TC levels. Lp(a) was measured in about 25% of the study subjects, 

and its levels seemed unaffected by rs629301, but the low number of assayed samples limits the 

strength of this result. 

HDL-C cholesterol levels have been shown to be reduced by the 1p13 risk haplotype in most of the 

published cohorts (7,14–15). It is interesting that HDL-C but not apoA1 levels were reduced in the 

T/T genotype carriers of the present study. These data suggest that rs629301 T/T genotype might 

be associated with the presence of smaller circulating HDL particles.  

We found that ApoCIII levels were increased in the rs629301 T/T genotype carriers. The increase 

of apoCIII, the main inhibitor of lipoprotein lipase (LPL), might contribute to the observed increase 

of TRL and to the reduction of HDL-C levels with an apparent reduction of HDL size. These 

findings might be explained by the inhibition of LPL activity, that could play a role in the increase of 

TRL and the impairment of HDL particles lipidation.  

Study limitations:  

The main limit of this study is that it is an association study. The relationships of rs629301 with 

various lipids and lipoproteins are only associative and do not elucidate causative mechanisms. 

More, the cohort is not completely homogeneous in terms of clinical history, because patients 
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undergo CAG for different reasons and the admission to different ICUs might follow different rules. 

On the other hand, this heterogeneity depicts the real-life scenario of the subjects admitted to ICU.   

 Conclusions:  

In conclusion, the study of a large cohort of more than two thousand patients admitted to ICU 

showed that the rs629301, belonging to the 1p13 risk haplotype, is associated with an increased 

risk of CAD and CAD extension, and that this risk is independent from the other common CV risk 

factors. The analysis of the lipid and apolipoprotein patterns indicated that some of the observed 

effects on CAD might be explained by the increase of all apoB-containing lipoproteins, including 

TRLs. An impairment of lipoprotein lipolysis, related to increased apoCIII levels in risk genotype 

carriers, might worsen the effect of the increased liver lipoproteins output, but further studies are 

required to unravel the mechanisms behind the data presented in this paper. The strong 

independent association of the rs629301 with the CAG outcome makes rs629301 a valuable tool 

that could be used to refine the CV risk of patients admitted to ICU.   
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Table 1: Clinical and Biochemical features of the study cohort. 
Clinical Parameters n= 2429 M/F Males Females  p value1 

Age (years) 1824/605 60.5 ± 0.3 65.6 ± 0.5 <0.0001 

Former/Current Smokers (%) 1824/605 0.238 0.691 <0.0001 

Hypertension (%) 1824/605 0.598 0.698 <0.0001 

Diabetes (%) 1824/605 0.224 0.315 <0.0001 

Dyslipidemia (%) 1824/605 0.534 0.568 0.108 

Lipid lowering therapy (%), n=2050 954/1093 0.532 0.467 0.827 

Admitted for acute MI (%) n=2281 1208/1073 0.585 0.479 <0.0001 

Lipids n= 2429     

Total Cholesterol (mmol/L) 1824/605 4.98 ± 0.03 5.25 ± 0.05 <0.0001 

Triglycerides (mmol/L) 1824/605 1.64 ± 0.02 1.56 ± 0.04 0.057 

HDL Cholesterol (mmol/L) 1824/605 1.05 ± 0.01 1.25 ± 0.02 <0.0001 

LDL Cholesterol (mmol/L) 1824/605 3.24 ± 0.02 3.33 ± 0.04 0.069 

Non HDL cholesterol (mmol/L) 1824/605 3.93 ± 0.03 4.0 ± 0.05 0.209 

Lipoprotein(a) (g/L) n=457 114/343 259(1524) 214 (1700) 0.0252 

Apolipoproteins n= 1260     

Apolipoprotein B (g/L)  362/898 1.10 ± 0.01 1.08 ± 0.02 0.129 

Apolipoprotein AI (g/L)  362/898 1.29 ± 0.01 1.41 ± 0.02 <0.0001 

Apolipoprotein E (g/L)  362/898 0.04 ± 0.002 0.05 ± 0.001 0.001 

Apolipoprotein CIII (g/L)  362/898 0.11 ± 0.001 0.12 ± 0.002 0.158 

 

Data are expressed as mean ± standard error or proportions for dichotomous variables. The 

number of subjects with available data is also presented in column 1. 

1 p value = age and gender adjusted multiple logistic analysis for dichotomous variables, age and 

gender adjusted ANOVA for numerical variables where ANOVA post-hoc pairwise comparisons p-

values were corrected by Bonferroni adjustment. 

2 ANOVA p value after log transform of Lp(a) values. Lp(a) cells show median values and ranges in 

brackets. 
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Table 2: Clinical and Biochemical features of the study cohort 
according to rs629301 genotype 
Clinical Parameters n= 2429 T/T G/T + G/G  p valuea Odds ratio 

(c.int)b 

Age (years) 61.76 ± 0.29 61.63 ± 0.44 0.817  0.025 (0.053)c 

Male gender (%) 0.746 0.753 0.700 1.04 (0.85-1.27) 

Former/Current Smokers (%) 0.581 0.578 0.290 1.03 (0.85-1.25) 

Hypertension (%) 0.616 0.636 0.038 0.9 (0.75-1.08) 

Diabetes (%) 0.258 0.219 0.005 1.24 (1.01-1.53) 

Dyslipidemia (%) 0.566 0.498 0.069 1.32 (1.08-1.61) 

Lipid lowering therapy (%), 
n=2050 

0.249 0.212 0.318 1.23 (0.98-1.54) 

Admitted for acute MI (%) 
n=2281 

0.566 0.543 0.290 1.03 (0.85-1.25) 

Lipids n= 2429    Multiple Coeff  
(std error) c 

Total Cholesterol (mmol/L) 5.08 ± 0.03 4.99 ± 0.04 0.052 0.099 (0.052) 

Triglycerides (mmol/L) 1.64 ± 0.02 1.59 ± 0.03 0.227 0.048 (0.226) 

HDL Cholesterol (mmol/L) 1.08 ± 0.01 1.13 ± 0.01 0.001 -0.050 (0.001) 

LDL Cholesterol (mmol/L) 3.30 ± 0.03 3.19 ± 0.04 0.052 -0.947 (0.208) 

Non HDL cholesterol (mmol/L) 4.00 ± 0.03 3.85 ± 0.04 0.002 0.149 (0.040) 

Lipoprotein(a) (g/L) n=457 250 (1699) 200 (1513) 0.403 d 15.07 (32.86) 

Apolipoproteins n= 1260     

Apolipoprotein B (g/L)  1.12 ± 0.01 1.05 ± 0.02 <0.0001 0.065 (0.001) 

Apolipoprotein A1 (g/L)  1.32 ± 0.01 1.33 ± 0.01 0.230 -0.020 (0.229) 

Apolipoprotein E (g/L)  4.41 ± 0.13 4.04 ± 0.18 0.105 0.364 (0.225) 

Apolipoprotein CIII (g/L)  1.19 ± 0.02 1.13 ± 0.02 0.036 0.053 (0.025) 

 
Data are expressed as mean ± standard error or proportions for dichotomous variables. The 
number of subjects with available data is also presented in column 1. 
a p value = age and gender adjusted multiple logistic analysis for dichotomous variables, age and 
gender adjusted ANOVA for numerical variables where ANOVA post-hoc pairwise comparisons p-
values were corrected by Bonferroni adjustment.  
b Logistic analysis odds ratios with 97.5% confidence intervals in brackets. The odds ratios 
represent the risk conferred by the rs629301 T/T risk genotype.  
c Multiple regression analysis coefficients, representing the increase conferred by the T/T 
genotype, with coefficients standard errors in brackets  
d  Lp(a) cells show median values and ranges in brackets. p-value after log transform of Lp(a) 
values.   
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Figure 1: Proportion of patients with angiography documented 

coronary artery disease according to rs629301 genotype. 

 

 

The figure shows the proportion of patients with 0, 1 ,2 or 3 (x-axis) coronary arteries presenting 

critical stenosis according to the rs629301 genotype. Cases are presented as T/T (homozygous 

risk allele, black bars) vs. pooled T/G and G/G genotypes (gray bars). Proportions are shown as 

bar labels with absolute cases in brackets. The upper panel shows the age and gender adjusted 

(by multiple logistic regression) odds ratios, with confidence intervals in brackets, of non CAD 

patients vs. patients with 1 2 or 3 stenotic arteries respectively.   
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Figure 2: Odds ratios for coronary artery disease of the main 

cardiovascular risk factors including the rs629301 T/T risk 

genotype. 

 

 

The figure shows the independent odds ratios and confidence intervals of the CV risk factors 

calculated by multiple logistic regression analysis. Odds ratios are presented in the labels and 

97.5% confidence intervals in brackets.  

 


