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Associations Between APOE Gene Variants and Metabolite Levels in
Hypercholesterolemia: A Metabolite GWAS Study in a Korean Cohort
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Hypercholesterolemia, a form of hyperlipidemia, is a significant risk factor for cardiovascular diseases, often linked
to genetic variations in the APOFE gene, particularly the €4 allele, which influences LDL cholesterol levels. This study
aimed to examine the association between APOE gene variants and plasma sphingomyelin levels in Korean individuals
with hypercholesterolemia, using a metabolite genome-wide association study (mGWAS) approach. Data from 7,031
participants in the Korean Genome and Epidemiology Study (KoGES) were analyzed. Genetic associations with
cholesterol and sphingomyelin levels were evaluated through Exome chip analysis and metabolite profiling. Significant
associations were identified between specific APOE variants (e.g., rs769449, rs4420638) and serum cholesterol levels.
Additionally, certain SNPs were linked to variations in plasma sphingomyelin levels, suggesting a genetic influence on
both lipid and sphingomyelin metabolism. The findings underscore the relevance of mGWAS in unraveling the genetic
and metabolic pathways involved in hypercholesterolemia, offering potential biomarkers for disease risk and therapeutic

targets.
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Table 1. Characteristics of subject's Quantitative traits analysis with hypercholesterolemia in the Korean population

Quantitative traits for

Case-control for quantitative traits analysis

Characteristics o

serum lipid Controls Cases P value”
Number of subjects 6,498 4,391 2,107
Age (years & SD) 522488 52.449.1 51.6+8.2 <0.001
Sex [number; men (%)] 3,111 (47.9) 2,120 (48.3) 991 (47.0)
Total Cholesterol (mg/dL £ SD) 191.0£34.5 181.0£27.6 211.9£37.8 <0.001
HDL Cholesterol (mg/dL & SD) 44.1£10.3 44.8+10.1 42.4%10.3 <0.001
LDL Cholesterol (mg/dL & SD) 120.1£31.0 115.0£25.2 131.5+38.7 <0.001

*Significant differences in characteristics between the controls and cases were determined by the two-tailed student's #-test
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Table 2. Association results of the hypercholesterolemia case-control with APOE gene in the Korean population

" MAF
No. CHR BP SNP Gene Consequence Variation Al A2 ?R Add .
Al Case Control ~ (O5%CD  Pvalue
1 45,395,266 15157580  TOMMA40 Intron A G 0435 0434 0435 099 0.804
(0.93~1.07)
2 45,395,619 152075650 TOMMA40 Intron G A 009% 0104 0.092 a O}i? 28) 0.040
3 45,410,002 15769449  APOE Intron A G 0076 008  0.071 (1 (1)3? ) 6.68.E-04
Missense 0.83
4 19  45412,079 157412 APOE Exon RI76C A G 0064 0057 0.067 (0.72~0.97) 0.017
5 45,414,451 rs439401 G A 038 0395 0387 1.03 0.399
T ’ ’ ’ 0.96~1.11)
0.92
6 45415,640 15445925  APOCI Upstream A G 008 008  0.086 (0.81~1.05) 0.229
7 45,422,946 154420638 APOCI 5008 G A 0113 0130 0.105 1.27 2.44E-05
downstream (1.14~1.41)

Abbreviations: CHR, chromosome; BP, base pair; SNP, single nucleotide polymorphism; A1, minor allele; A2, major allele; MAF, minor allele frequence; OR,

odds ratio; SNV, single nucleotide variant
*Bold text indicate significance at P value < 0.05

Table 3. Quantitative traits for cholesterol with APOE gene in the Korean population

Total Cholesterol HDL Cholesterol LDL Cholesterol
o SNP BETA + SE P value” BETA + SE P value” BETA + SE P value®
1 rs157580 -1.301+0.63 0.038 -0.18+0.19 0.335 -1.58+0.57 5.15.E-03
2 rs2075650 2.81x1.05 7.53.E-03 -1.16£0.32 2.53.E-04 2.85£0.95 2.74.E-03
3 15769449 4.15x1.17 3.94.E-04 -1.54%0.35 1.31.E-05 4.33£1.06 4.48.E-05
4 157412 -13.64+1.25 2.06.E-27 0.181+0.38 0.633 -16.39+1.12 1.74.E-47
5 5439401 -1.701+0.64 7.57.E-03 -0.45+0.19 0.019 -1.97+0.57 5.69.E-04
6 15445925 -10.07%1.11 1.66.E-19 -0.04£0.33 0.898 -12.35+1.00 9.47.E-35
7 rs4420638 2.39+0.98 0.015 -1.33+£0.29 6.22E-06 2.4810.89 5.13.E-03

Abbreviations: SNP, single nucleotide polymorphism; HDL, High Density Lipoprotein; LDL, Low Density Lipoprotein

*Bold text indicate significance at P value < 0.05
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This mutation is predicted tobe  PROBABLY DAMAGING with a score of 1.000
(sensitivity: 0.00; specificity: 1.00)

Fig. 1. Assessment of rs7412 in the APOE Gene for potentially
damaging effects using PolyPhen-2. The rs7421 variant results in
a point mutation that changes the amino acid from Arg to Cys. This
alteration leads to a structural change in the protein, which is known
to have a significant clinical impact. The HumDiv model, using in
this analysis, is tailored for assessing rare alleles, conducting detailed
mappings of regions pinpointed through genome-wide association
studies, and examining patterns of natural selection.
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Table 4. In silico analysis of APOE gene variants

No. SNP ClinVar” Polyphen-2"* GTEx portal (Gene / Tissue)
1 rs157580 - - APOE / Brain and Lung
2 152075650 - - TOMMA40 / Brain
3 15769449 Benign - APOE / Adipose-subcutaneous
4 1s7412 Pathogenic Probably damaging -
5 15439401 Warfarin response - APOE / Adipose-subcutaneous
6 rs445925 - - APOE / Skin
7 rs4420638 - - APOE / Skin

*ClinVar - https://www.ncbi.nlm.nih.gov/clinvar/

**Polyphen-2 : https://genetics.bwh.harvard.edu/pph2/
***GTEx portal : https://gtexportal.org/home/
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Fig. 2. eQTL violin plots from the GTEx portal
database. The figures show eQTL violin plots for
two SNPs that regulate expression of the APOE

- O - gene in subcutaneous adipose tissue. (A) The plot
= = O 1 ] for rs769449 demonstrates that the presence of the
(. | A allele, compared to the G allele, leads to higher
gene expression. (B) For rs349401, higher gene
expression is observed with the T allele compared
_C to the C allele. These plots indicate that higher ex-
4 4 25€ pression of the APOE gene is associated with in-
creased serum cholesterol levels.
Table S. Association with APOE gene and plasma sphingomyelin
SM (OH) C14:1 SM (OH) C16:1 SM (OH) C22:1 SM (OH) C22:2 SM (OH) C24:1
e SN BETA  Pvalue’ BETA  Pvalue’ BETA  Pvalue’ BETA  Pvalue’ BETA  Pvalue’
1 15157580 -0.050  0.106 -0.036  0.053 -0.116 0.126 -0.131  0.037 -0.015  0.082
2 152075650 -0.090  0.087 -0.054  0.092 -0.124 0.332 -0.268  0.012 -0.016  0.288
3 15769449 -0.087  0.135 -0.052  0.136 -0.182 0.199 -0.295  0.012 -0.024  0.133
4 157412 -0205  1.10.E-03 -0.176  3.27.E-06 -0.960 2.7.E-10 -0.521  3.76.E-05 -0.099  1.37.E-08
5 1439401 -0.079  0.013 -0.059  1.98.E-03 -0.219 4.5.E-03 -0206  1.30.E-03 -0.030  7.09.E-04
6 15445925 -0.197  4.32.E-04 -0.149  1.06.E-05 -0.794 4.8.E-09 -0438  1.05.E-04 -0.082  1.45.E-07
7 154420638 -0.107  0.030 -0.059  0.047 -0.234 0.050 -0.255  0.010 -0.029  3.71.E-02
Continue
SM C16:0 SM Cl16:1 SM C18:0 SM C24:0 SM C24:1 SM C26:1
BETA  Pvalue' BETA  Pvalue’ BETA  Pvalue' BETA  Pvalue’ BETA  Pvalue’ BETA  Pvalue’
-0.807  0.210 -0.101 0.298 -0.071  0.611 -0216  0.116 -0424 0210 -0.009  0.068
-1.654  0.129 -0.168 0.305 -0.125  0.598 -0.086  0.713 -1.457  0.011 -0.018  0.038
-1.629  0.175 -0.159 0.379 -0.168  0.519 -0.188 0464 -1.590  0.012 -0.025  8.93.E-03
-5.899  5.12.E-06 -0.387 0.047 -1.075  1.31.E-04 -1.688  9.48E-10 -2.867  2.45.E-05 -0.035  8.35.E-04
-1.801  5.99.E-03 -0.211 0.032 -0290  0.042 -0.392  S5.18E-03 -1.101  1.38.E-03 -0.017  1.48.E-03
-4947  1.82.E-05 -0.357 0.040 -0.783  1.81.E-03 -1.306  1.1SE-07 -2.188  3.08.E-04 -0.024  1.05.E-02
-1.759  0.083 -0.152 0.318 -0.126  0.567 -0263  0.226 -1.287  0.016 -0.016  0.046
*Bold text indicate significance at P value < 0.05
A% 9 DFY HSESI AT B P JoR  ATE B8 AParleldust e 54 tabeA
BT, g areldle LDL ZAl~HE Al AWt FaAatele] Aude sl
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2014; Borodzicz-Jazdzyk et al., 2022; Krauss, 2004). SA o) o] WhHe B4 W) whE §HAF |
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PgAolt) o]H A= 4POE 742}, 12]3 mGWAS

8Hs]+= d F-8-3IH(Tam et al., 2019; Schork et al., 2009).
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Supplementary Table 1. Types and Characteristics of Sphingomyelins Associated with the APOE Gene

No. SM (OH) code Characteristics
1 SM (OH) C14:1 Hydroxysphingomyelin with acyl residue sum C14:1. It is a type of sphingolipid.
2 SM (OH) C16:1 A member of the phosphocholines, practically insoluble in water, and found in blood and urine.
3 SM (OH) C22:1 Lower levels are associated with poor neurological outcomes in cardiac arrest patients.
4 SM (OH) C22:2 Associated with genetic variants and metabolite traits of type 2 diabetes.
5 SM (OH) C24:1 ggglvlei:tri‘l;\/i;lspz;r;rﬁzﬁd in early-stage Alzheimer's disease patients compared to those with mild
6 SM C16:0 A sphingolipid found in various tissues, including the prefrontal cortex and cerebellum.
7 SM C16:1 Found in blood and urine, and primarily located near the cell membrane.
8 SM C18:0 Often used in HPLC columns for separating acidic and basic compounds.
9 SM C24:0 Has higher membrane rigidifying properties compared to its C24:1 homologue.
10 SM C24:1 Similar to SM C24:0 but with a different fatty acyl residue, affecting membrane properties.
11 SM C26:1 Information on this specific compound was not found in the search results.
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