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Replicated Association Study for Metabolic Syndrome of the
Gene Cluster in Chromosome 11¢23.3
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Metabolic syndrome (MetS) is a disease that is accompanied by various metabolic related problems and refers to a
disease in which various adult diseases occur along with obesity. These metabolic syndromes appear according to the
individual's genetic background. APOA5-ZPR1-BUDI 3, a gene cluster belonging to chromosome 11qg23.3, is well known
for its risk of plasma triglycerides and coronary artery disease. Recently, the GWAS results for metabolic syndrome were
published in Koreans. The results included the APOAS5-ZPRI1-BUDI3, and the SNPs that first appeared in Koreans in
the ZPRI and BUDI3 were also discovered. In this study, the reproducibility was investigated for the newly discovered
ZPRI1 (rs964184) and BUDI3 (1s2075295, rs1558861) using The Health Examinees (HEXA) cohort and showed
significance. In addition, BUDI3 (rs117548857, rs10488698, rs149527022, rs10790162), ZPR1 (152075290, 15145796806,
1s201247587), APOAS (rs12791103, rs1263173, rs7396835, rs17520254) were additionally discovered and significant
results were obtained. For the SNPs that showed significant results, the effect on protein expression and the effect of
expression quantitative trait loci (eQTL) were also confirmed. This study is expected to contribute to the prevention and
treatment of diseases with differences in onset based on individual genetic patterns as well as presenting the effect of
genetic mutations in the APOAS5-ZPR1-BUDI 3 on metabolic syndrome and blood lipid levels.
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Table 1. Basic characteristics of subjects according to metabolic syndrome in HEXA

Characteristics Total MetS" Controls”™
Number of subjects 28,445 6,329 11,773
Age (M years * SD) 53.8447.98 56.5617.61 50.95+7.53
Sex [male (%)] 10,261 (36.1%) 2,861 (45.2%) 3,849 (32.7%)
WC (M cm * SD) 80.861£8.65 87.9317.74 78.01£7.76
TG M mg/dL £ SD) 126.44+86.63 197.75%£117.77 102.91£61.22
HDL-C (M mg/dL + SD) 52.77£12.66 44.1819.53 55.83+12.42
GLU M mg/dL + SD) 94.391+19.52 106.611£27.37 88.83+10.56
SBP (M mmHg * SD) 122.39£14.65 130.93£13.98 118.06x13.50
DBP (M mmHg =+ SD) 75.9919.66 80.4619.36 73.50£9.31

Abbreviations: DBP, diastolic blood pressure; GLU, fasting glucose; HDL-C, high density lipoprotein cholesterol; HEXA, The Health
Examinees; M, mean; MetS, metabolic syndrome; SBP, systolic blood pressure; SD, standard deviation; TG, triglyceride; WC, waist
circumference. *MetS have 3 or more of 5 indicators that can be diagnosed as metabolic syndrome. **The controls are the group without

metabolic syndrome and various diseases and diseases
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Table 2. Association results for metabolic syndrome targeting SNPs of three genes BUDI3, ZPR1 and APOAS5 located on chromosome 11

MAF
Gene  No. SNP BP Function Al A2 (gee Control OR (95% CI) P value
(0=6,329)  (n=11,773)
1 rs117548857 116604167 3'UTRnear G T 0016 0.020 0.80 (0.67~0.96) 0.015
2 1s1558861 116607437 3'UTRnear C T 0251 0213 127(1.20~1.34)  8.63x10™
3 rsl1216126 116617240  3'UTRnear C A 0175 0.202 0.83(0.78~0.88)  9.44x10™
BUDI3 4 152075295 116628401  Intron C T 0430 0.470 0.84(0.80~0.88)  1.87x10™
5 1510488698 116633947  Missense A G 0062 0.067 0.90 (0.82~0.99) 0.029
6 15149527022 116635570  Intron G A 0009 0.013 0.69(0.55~0.87)  1.62X10°
7 1510790162 116639104  Intron A G 0244 0.206 127(1.20~1.34)  9.41x10™
8 r1s964184 116648917 3'UTR G C 0247 0.209 127(121~135)  3.66X10™
9 15145796806 116650184  Intron T C 0012 0.013 0.94 (0.76~1.16) 0.575
ZPRI 10 152075290 116653296  Intron C T 025 0213 126 (1.19~1.33)  936x10"
11 15603446 116654435 Intron T C 0208 0.232 0.86(0.82~091)  2.05x10”
12 1s201247587 116658553  Missense G T 0013 0.013 1.05 (0.85~1.30) 0.642
13 1s2266788 116660686 3'UTR G A 0248 0.210 127(1.21~1.34)  4.59x10™
14 152075291 116661392 Missense A C 0100 0.074 141(1.30~1.53)  5.84x10"
15 15662799 116663707 ~ 5'UTR G A 0349 0.285 138(1.32~145)  145%x107
ipoqs 16 ITS20254 116665553 S'UTRmear G C 0015 0.018 0.83 (0.69~1.00) 0.054
17 1s117730008 116666341  5'UTRnear A G 0052 0.053 0.99 (0.89~1.10) 0.834
18 1s12791103 116673315 5'UTRnmear T G 0.036 0.043 0.82(0.72~092)  8.94x10*
19 151263173 116681008 5'UTRnear A G 0272 0.286 0.94 (0.89~0.98) 0.011
20 157396835 116684028 5'UTRnear T C 0336 0311 1.13(1.08~1.19)  1.14X10°

Abbreviations: 3' UTR, three prime untranslated region; 5' UTR, five prime untranslated region; A1, minor allele; A2, major allele; BP, base pair; CI,
confidence interval; MAF, minor allele frequency; No, number; OR, odds ratio; SNP, single nucleotide polymorphism. *P value <0.05 are indicated
in bold. The genetic model of the analysis was performed with an additive model and covariates with sex and age
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Table 3. Association results of metabolic syndrome related indicators in SNPs of three genes BUD13, ZPR1 and APOAS5

TG HDL-C GLU
Gene No. SNP Al

BtLse P value BEse P value BEse P value

1 13117548857 G  -12.78+260  8.68%<107 0.71£0.38 0.061 0.66+0.47 0.163

2 151558861 C 16.42+0.86 49610 -1.57£0.13 1.04<10% 0.2140.16 0.174

3 1sl1216126 C  -13.90%091 1.39<10% 1.7540.13 9.63<10™" -0.53%0.16 0.001

BUDI3 4 152075295 C  -12.39£0.72 4.68X10° 1.59+0.11 1.48X<10™ -0.30+0.13 0.024
5 1510488698 A -8.9241.43 4.42x10™" 1.52+0.21 3.47x10™" 0.40£0.26 0.120

6 15149527022 G -5.98+3.30 0.070 0.45+0.48 0.353 -0.08+0.60 0.892

7 1510790162 A 16.83+£0.87 6.70<10°% -1.66%0.13 9.64<10™ 0.2740.16 0.086

8 15964184 G 16.75+£0.87 1.07<10® -1.67£0.13 226107 0.2340.16 0.148

9 15145796806 T  -14.68%321 4.76X10° 1.4440.47 0.002 -0.60£0.57 0.295

ZPRI 10 152075290 C 16.52+0.86 1.13X10™ -1.64+0.13 77910 0.18+0.16 0.252
11 rs603446 T  -12.29+086 1.36X10™ 0.96+0.13 2.16X10* 0.00£0.15 0.990

12 15201247587 G 12414328  1.55%10™ 2224048 3.53%10° -0.41£0.59 0.483

13 152266788 G 16.91£0.86 1.63<10* -1.67£0.13 1.61x10% 0.2140.16 0.191

14 152075291 A 33.66+1.32 121107 -4.0840.19 4.17X<10™® 0.4840.24 0.046

15 13662799 G 25.35+0.77 9.50><107* -2.76%0.11 4.59x10™ 0.3140.14 0.030

s -7.63x2. X .62=x0. . B 15=x0. .

APOAS 16 17520254 G 7.63+2.74 0.005 1.6240.40 4.81X10° 0.15+0.49 0.763
17 rs117730008 A 2.19£1.63 0.179 0.18+0.24 0.444 -0.45+0.29 0.127

18 1512791103 T -1072%£179  2.33X10° 1.73+0.26 3.49x10™" -0.0340.32 0.938

19 151263173 A 2474081 0.002 0.15£0.12 0216 -0.47+0.15 0.001

20 157396835 T 8.80%0.77 6.4210° -0.55%0.11 1.22x10°* 0.2540.14 0.069

Abbreviations: S, regression coefficient; Al, minor allele; GLU, fasting glucose; HDL-C, high density lipoprotein cholesterol; s.e, standard error;
SNP, single nucleotide polymorphism; TG, triglyceride. P value <0.05 are indicated in bold. The genetic model of the analysis was performed with

an additive model and covariates with sex and age. Systolic blood pressure and diastolic blood pressure were not significant
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Fig. 1. Linkage disequilibrium results between three genes BUD13, ZPR1 and APOAS5 belonging to the gene cluster of 11¢23.3.
Linkage disequilibrium (LD) blocks were formed between SNPs using Haploview program based on HEXA data. A total of 3 blocks were
formed, and Block 1 contained the SNPs of BUDI3 and ZPR1. Among them, 3 SNPs showing a low minor allele frequency were excluded.
Block 2 contained the SNP of the APOAS, and the direction to the metabolic syndrome was consistent. Block 3 included SNPs near the

APOAS.
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Table 4. Regulome DB and GTEx Portal results of SNPs as eQTL in three genes BUD13, ZPRI and APOAS5

Regulome DB GTEx portal
Gene SNP BP Al :
Score TFBS DNase Proteins Motifs eQTL NES  ¢QTL Tissue
bound
rs11216126 116617240 C - - - - - 0.22  Whole Blood
BUDI3
152075295 116628401 C - - - - - 0.14  Whole Blood
15964184 116648917 G 1d + +  POLR2A FOXI2  + 013 Adipose
7PRI Subcutaneous
rs603446 116654435 T 1f - + - - + - -
151263173 116681008 A 1f - + - - + - -
APOAS
157396835 116684028 T 1f - + CDX2 - + - -

Abbreviations: Al, minor allele; BP, base pair; eQTL, expression quantitative trait loci; NES, normalized effect size; SNP, single nucleotide
polymorphism; TFBS, transcription binding factor site; +, affected; —, unaffected. Normalized effect size (NES) is defined as the slope of the
linear regression, and is computed as the effect of the minor allele (A1) relative to the major allele

e rs11216126 @ rs2075295 e rs964184
BUD13 BUD13 ZPR1
chr11_116746524_A_C_b38 chr11_116757685_T_C_b38 chr11_116778201_G_C_b38
Whole Blood Whole Blood Adipose - Subcutaneous
§ 20 5§ 20 § 20
2 10 2 10 o 2 10
(] . . [ . [ .
5 [ 5 m N 5 " B
g 00 — g 00 — g 00 I I
€ -1.0 € -1.0 g -1.0 —
2 20 S 20 S 20
AA AC CC TT TC CC GG GC CC
(526) (136) (8) (348) (260) (62) (11) (161) (409)

Fig. 2. Confirmation of gene expression results of SNP included in expression quantitative trait loci (¢QTL) using GTEx Portal. Gene
expression for each genotype in a specific tissue was confirmed and statistically significant. In (A), expression is higher when rs11216126
of the BUDI3 gene has a minor allele, C allele, in whole blood. (B) has a higher expression in the same tissue and gene as in (A) when it has
a C allele, a minor allele of 152075295. In (C) Adipose-Subcutaneous, rs964184 of the ZPRI gene has low gene expression when it has a
minor allele, G allele.
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et al., 2019). BUD13 ©¥ &2 3 pre-mRNA retention®]|
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o] %E}‘;}W(Melegh et al., 2012; Song et al., 2013; Gombojav
et al, 2016). Oh 52| Aol =918 oz TG}
#Hsl] o2 Waw ZPRIC) 159641849 BUDI3C)
152075295, 151558861 o] Aol A= o] TGHERE
ofE} tiAlsStol] #aEE SNPYS & & AATHON
et al, 2020). B8}, TIAFES | 8F BUDI3 (15117548857,
rs10488698, 15149527022, 1s10790162), ZPRI (rs2075290),
APOAS (1512791103, 151263173, 1s7396835)3} t]E-0] TG}t
HDL-Coll #3+ ZPRI (rs145796806, 1s201247587), APOAS
(1s17520254)7} gF=Qlg thd o= 3 oyl A& F3
AFA e E AT oS Bl SNPE] diste] Tl
2 Bz o] v x= G eQTL 3ldste] 3zt
e 24 55 Ldolr kil SNPTH] LD blockS
golaloitt. wEbs HEXA I3 E X85S &3 2 o
T ANE ) it EH Y g5 AH s 9
s A # A A QX }%3 ARG Rk olet 2
=2 Azk=rc) EEU]— 7Rl
Oﬂ zolE Yeh= A
7]t ghet.
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