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Lipid metabolic disorders are commonly encountered in clinical practice. Dyslipidemia and its prevalence
rate are strongly associated with the morbidity and mortality of cardiovascular disease worldwide. We
conducted a genetic analysis to determine the association between genetic polymorphisms of the ABO
gene in adults middle-aged (40~69 years) with dyslipidemia in the Korean population. A total of 6,750
subjects from the Korea Association REsource (KARE) were selected for this study. Using the genetic
and epidemiologic data of 4,403 dyslipidemia cases and 2,347 normal controls from the KARE, single
nucleotide polymorphisms (SNPs) in ABOgene were analyzed for their genetic correlation. Eleven SNPs
out of the ABOgene demonstrated a statistically significant association with dyslipidemia. Among them,
rs8176707 in ABOgene statistically showed the most significant correlation with dyslipidemia (A-value=
0.002, odds ratio=0.82, 95% confidence interval=0.78~0.86). The minor allele of T polymorphism within
the ABOintron genetic region was associated with a decreased risk of dyslipidemia. This study uncovered
a significant association between genetic polymorphism in the ABOgene and dyslipidemia. This finding
suggest that ABO SNPs markers have a genetic correlation with the etiology of dyslipidemia.

Copyright © 2024 The Korean Society for Clinical Laboratory Science.
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A2ERE 1Y) ettE A, B 11 PA(anti-A,
anti-B)2 7J=lo] itk ABO-A-Aoll Y13t A D B-7-d
A} a-1-3-N-acetylgalactosaminyltransferase, o-1-3-
N-galactosaminyltransferase2] glycosyltransferase 27}
£ Y23 ABO=9H AAA A 2F 19.5 kb2l FoilA 7
719} Q=0 2 FdE]o] Qirk. Al 6] S| AA= Qlsh
O AR M= 0-1-3-N-acetylgalactosaminyltransferase
o] &Jo] mt¥]=]o] GITH3]. ABO T2 Al E= dHdy]
H[4] A A, B, 09 5FH(isoantigen)?l A, B, Hi=#H]
S AR AT 2ol A EF AR At A], 5, 541
Al it o]’ ABH A3 A g+ AlsollA o] Al
e £o} 9 sabgol S HakE A= A o= A
Quc}. olgt Ae] A 3y Qlof= FPJ oz Qlgt BalshH]
HoE7E H =iy, Wl 3 dolA A, B ol 4 E
ATEE]T, ABH 39 A4o] H|ta Hisget 5 Tkt el 21
A7 2ol B AT, L Hle] He o #H 9
735 T A& JHE9(splicing site) 2] T A7 1o/
(single nucleotide polymorphisms, SNPs)ol| 7]QIgk}al
SHTH5]. T2, ABO AT S A7 1o} Sty B
U459 AR T LAFSHA Ao IATHG, 71
Aol A = AR F49E Bl ABO R4 el ¢
2|3t SNPse} Tttt #AY 5 oA IFEZTHE] A= &
A5to] SRRIoAl ABO -4 12 SNP nEA 50| oA
AEZ o] old FFS A ZRIstarA sieiH:

Ak
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1. AR

2 A= TR W -RRAA e RA A Y (Korean Genome
and Epidemiology Study, KoGES)2] Y91 =21 -4
BAz152(Korean Association REsource, KARE)9] 2tost
AT SRS ARESFATHE]. & AollA AR R E
9 AR A= AT Al SHSYRJMAAE S
(National Biobank of Korea, NBK)o|A] £ok&- Hlo} BLAl5}
ATHKBN-2022-089). & HE= Ayaeigols 3124
SHES I3 ALSko 2 20014 5€0] AR’ FSE A
=, B71%= MgAeE QEAAI9] FHISS Tt O & gl
Sh 9l 54| A5 R Aol o] FollA] A =7
G771 98% Olot T 4% oV w2 A5 25
(missing genotype call rate)= UERHAY, 30% %3] o]
A S(heterozygosity)= 7HX A, JE ELX7F A
Sh= AARER] A2 A LRt 421 8,84078(40~69A1, &
14,1827, o1/d: 4,658%)= AT dVdAt=E ARESHRIL.
o] FollA oA AEZA et A RT-S BESFHEFS
o, A7t EA6HA] 92 5)= A12)(26278) 3 F AR 7
T2 o HestA A5t el Bt RT T SR Al o]
U= AECVIAEES BAGL A8 ADA 5ol sidst=
thAE(1,82878)2 Aot 6,750 S o= B4
<= X35tk Table 1). B mAAAS] @4 AAl==E%
FAARILB(NBK) AT i d 2] A A7 7|0l wet 5
EAHIEA 9OARRE FA)CA HFRE EAoR AEEA]
(ADVIA 1650, Siemens)E Argolo] A AAAE 27513

Table 1. Basic distinctive of normal and dyslipidemia of the Korea Association REsource cohort

Case—control analysisa)

Characteristic Quantitative trait analysis

Normal Dyslipidemia P-value”
No. of subjects 6,750 2,347 4,403
Sex (male/female) 3,234 (47.9)/3,516 (52.1) 919 (39.2)/1,428 (60.8) 2,315 (52.6)/2,088 (47.4)
Age (yr) 52.11+8.92 51.11£9.08 52.65+8.79 <0.001
Body mass index (kg/m?) 24.56+3.14 23.32+3.11 25.22+2.94 <0.001
TCHL (mg/dL) 186.48+37.21 168.67+19.30 195.97+40.80 <0.001
TG (mg/dL) 155.28+75.10 99.48+24.47 185.03+£76.04 <0.001
HDLC (mg/dL) 43.29+9.77 50.68+7.93 39.35+8.26 <0.001
LDLC (mg/dL) 112.13+£33.64 98.10£19.07 119.62+37.14 <0.001

n, n (%), or mean+SD.

Individuals who measured the items needed to diagnose dyslipidemia.

¥Control (normal), TCHL<200 mg, HDLC>40 mg, LDLC<130 mg, TG<150 mg; case (dyslipidemia), TCHL>240 mg, HDLC<40 mg, LDLC>160

mg, or TG=200 mg.

b)Signiﬁcant differences in characteristics between the normal and dyslipidemia subjects were determined by the two-tailed Student’s t-test.
Abbreviations: TCHL, total cholesterol; TG, triglyceride; HDLC, high density lipoprotein cholesterol; LDLC, low density lipoprotein cholesterol.
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OoARAE S 5 7|&o] W Q3 LDLCE= Friedewald 34
(LDLC &% rﬂ)a 212510 ZKS FBIHTHI). B A= AR 3. 7Y =4 A HEFTIHEY UE
oo} 2T A(Korea National Institute of Health, H ALE Yl sl G- AA1EA A= 290 KARE HlolHE

KNIHoZXHE A 88 $2A(IRB, Institutional Review vlglo 2 gt S
Board)& Bk 3 ABO-F-AAS] fdwio |t o YIRS S A Uz HoM FF

S2R}e] SNPsE Algsloitt. AT gRIEe]
Xt MELERE DNA A S 22 5535

T2 FUIAK1040782-220815-HR-10-103). R, Affymetrix Genome-Wide Human SNP array 5.0
chip (Affymetrix Inc.)& AFga}o] 948 TH=2 519t &
2. X EY

g QA7) AR B0 ABORA) &) N BT

R P LR EED RIS
A-gupslalelo] oA YES AREAWATIY )
A AT 7|22 vl Lol % Bl e otal

SoflAf £5 kb Rt HQlo] sigsk= 11702] SNPsE A
5}AtHTable 3). ©] SNPs9] GMA] 2x]= UCSC Genome
Browser on Human Mar.2006 (NCBI 36/hg18)& 71592

cholesterol, TCHL) 200 mg/dL ©[%F, HDLG= 40 mg/dL 2 375kt
23}, LDLCE= 130 mg/dL v|ek, 5-/d AW (triglycerides, TG)
4. MY BN Y S3A 24

2 150 mg/dL u]gtol] 25 sigohs e ARt
(2,3478)0& A3 om, TCHLO] 240 mg/dL 14}, HDLC
7}+40 mg/dL °Js}, LDLGE= 160 mg/dL oV, TG7}+200 mg/dL
ol B shEtE 710 slidol= Al 3R H4,4037) 2
2 A4sItkTable 2). At Aol it o~ £+ 718
(TCHL, HDLC, LDLC, TG)f| thet Z}2}+2] 42 Table 1°]
LERA STt

FAHA]| 9ol YA ABOR} oA A EF ] A B A
B4 98l PLINK v1.9 (https://www.cog-genomics.
org/plink/)2} A4 =& 734 IBM SPSS v27 (IBM Co.)& A
Bolgitt. e 117 SNPst= 2AAE 37 #4918 AR8st
of oA EF SRR} AT 2ol sl RAaAE Y |l
LAjolE eIt 293(additive), %/3(dominant), B3
(recessive) SR ES 7]Hko & §F - 87F tHo Q] AlahA] BA

Table 2. Standards for classifying dyslipidemia in this study S 235190 o A o], XS ghﬂ‘g(covanant) 2 2]
Characteristic High Normal 519}, BEA7ke] BAIE 80143 Pvalue) Q] 71322-0.05 Bgk
Low density lipoprotein cholesterol >160 <130 £ A 8319k
Total cholesterol 2240 <200
Triglyceride >200 <150
High density lipoprotein cholesterol <40 >40

Table 3. Association analysis of SNPs in the ABO gene with the dyslipidemia in Korean population

MAF Dyslipidemia (controls 2,347: cases 4,403)

No. SNP Al Function

Controls Cases OR (95% ClI) Add P OR (95% ClI) Dom P OR (95% CI) Rec P
1 rs8176720 C Synonymous 0.4315 0.4288 1.01 (0.99~1.03) 0.7646 1.08 (0.89~0.97) 0.1797 0.93 (0.89~0.97) 0.2815
2 rs8176681 C Intron 0.3024 0.3192 0.92 (0.90~0.95) 0.0450° 0.91 (0.88~0.94) 0.0619 0.90 (0.84~0.95) 0.1993
3 1514708 T Intron 0.2180 0.2277 0.95 (0.92~0.97) 0.1944 0.98 (0.95~1.01) 0.6749 0.74 (0.67~0.81) 0.0096"
4 1651007 A Upstream  0.2638 0.2480 1.09 (1.06~1.11) 0.0455? 1.11 (1.08~1.14) 0.0459 1.11 (1.04~1.17) 0.3322
5 rs672316 C Intron 0.2183 0.2278 0.95 (0.92~0.97) 0.2037 0.98 (0.95~1.01) 0.6681 0.75 (0.68~0.82) 0.0130?
6 rsB52148 A Upstream  0.2101 0.2205 0.94 (0.91~0.97) 0162 0.99 (0.96~1.02) 0.8051 0.68 (0.61~0.75) 0.0010”
7 rs474279 T Intron 0.2134 02207 0.96 (0.93~0.98) 0.3291 0.99 (0.96~1.02) 0.8798 0.76 (0.69~0.83) 0.0189”
8 rs657152 A Intron 0.4759 0.4490 1.11 (1.09~1.13) 0.0032° 1.16 (1.13~1.19) 0.0079° 1.14 (1.11~1.18) 0.0312?
9 rs641943 G Intron 0.2180 0.2277 0.95 (0.92~0.97) 0.1944 0.98 (0.95~1.01) 0.6749 0.74 (0.67~0.81) 0.0096"
10 rs8176707 T Intron 0.0750 0.089 0.82 (0.78~0.86) 0.0029” 0.83 (0.79~0.87) 0.0084° 0.41 (0.20~0.63) 0.0138”
11 rs641959 C Intron 0.2267 0.2357 0.95 (0.92~0.98) 0.2391 0.98 (0.95~1.01) 0.6715 0.77 (0.70~0.84) 0.02477

IStatistically significant values (P<0.05) are indicated.
Abbreviations: SNPs, single nucleotide polymorphisms; A1, minor allele; MAF, minor allele frequency: OR, odds ratio; Cl, confidence interval;
Add 7, additive genetic model A-value; Dom £, dominant genetic model A-value: Rec £, recessive genetic model A-value.
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1. ABO RTIXt Y| SNPs ME

ZAERAA A A0 ARS SNPsE A5t flstod]
UCSC Genome Browser on Human Mar. 2006 (NCBI36/
hg18)& AR&sto] KARE A HE Ak=0] Sl i JAH
(transcriptys GYFCZE 5 kb HAE EJoto] FAA| 9o
R ABOAAREE] Fo= AstSitt L 27 sfid A
] tellA 1170 SNPsE ERISIHAL & Atolxd= 11702 &
A% SNPsE 7304] Ad £4 tVd-o= ol Table 3).

MY

2. ABO R7Xt SNPs2t O| A ZEB | HEEM

AT IR g, Lol 5 71241 £ Table 1] Ut
Wit HARI A7t Econtrol, N=2,347)2] BHAH-2
5140|121 o VA A B Z: B K case, N=4,403)2] BHAHF >
53A|9Lt. Yo, AdEF A|43(body mass index, BMI), TCHL,
TG, HDLC, Z18]31 LDLC $Al= At 2=t o P3AEdES
SR EAAQ] Afo|E B YTHStudent’s t-test) (Table 1).

ABO 7Ake] EARIS] /ol slidsk= 1170 SNPs+=
EAAE SRS of-8sto] A7 tE] AT EREAR
¥ % (minor allele frequency, MAF)Q} ABO-37A12] MAF
Aol S ERIT = QUTHTable 3). o3RI AE S| AT
A A9E A EH, A4 24 A 11719 SNPs 5 3714
AR, 4, @4 AR E) B4 25 1078
9] SNPs (rs8176681, rs514708, rs651007, rs672316,
rs552148, rsd74279, rs657152, rs641943, rs8176707,
1s641959)7F BAARl FeE(P<0.09)= HofFqi:
SNPs= EE-2 9l EE(intron) -l YAI5131L rs651007
3} rs552148-2 ABO-5A9] 5 A5 upstream)©l YAl
UK Table 3). EAA FodS vehd d4 fdxd
SNPs 50llA] rs552148°] 7V &2 5A -F-ol/dS Uk
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A=), 44 R E(2=0.001)0014 AHF o2 =& Fole
F2 Ho] o} rs5521482] A H¥=(odds ratio,
OR)+= 0.68°]213L 95% A1=]-7H95% confidence interval,
CD< 0.61~0.75°130ct. kA, rs5521482] minor allele
1A F71E 7HIAL Sl 750l oA A 52| ORo| Wot
Zek= A gRlseich

rs8176707 ¥ rs6571529] 74foll= 37H] fARd 25
oA BAIK F-2l=(P<0.05)& Eois=3l=t, rs8176707
+ 7K FARDE/(P-0.002), £/5(7~0.008), B/
(P=0.013)I°1A =2 A Felde etk Table 3).
I FAEEolA OR 0.41°]% Cl= 0.20~0.63°|%=
o, 294 942 E(OR=0.82, C1 0.78~0.86)Z 4 -F4
2(OR=0.83, CI1 0.79~0.87)°1X9] Zi7} -2 3k et
WAt Minor allele T €715 AU L k& 7390 oA E
< ORo] Robl& SISkt rs657152% 2773 A4 d
(P=0.003), 943 AR E(=0.007), B4 - =(2=0.031)
ROl TR SNPsEU ST A 0 2 =2 BA1A RodS B
At £5], OR2 minor allele’} A B71& XYL Itk o
AAEFY IR ol & 4= Sl @4 AR 2] OR
2 1.14019 CIE= 1.11~1.1801%=d], 94 fxind
(OR=1.11)3 /3 A Z(OR=1.16)°A] HolE A= 22
32 B ABOIAZA 9] 51 11 SNPs 5 8 SNPs
P =2 A4 79173 SNP 28, 1s552148)+= @/ -2
oA AR Foldo] 7MY FE=AIAl Uit 7iQlo]
rs651007 2 rs6571522] minor allele A 9715 A=, 3
7HA] F4HE0] ORZ oA EST 9] Al s U
Epd 9HH, U X] 8 SNPs= GHiake] S Hojql

w

Q01 k= SNPsQ OLRIZISS B2t B14010] AR

3HE, ABO-S741] 117 SNPs ZollA] o148
o And AT At BA% §ol4e 29l 47H)

BN

Table 4. Association analysis between the significant 3 SNPs in the ABO and dyslipidemia-related traits in Korean population

rs651007 rs657152 rs8176707
Trait

Effect size (B£s.e) P-value Effect size (B£s.e) P-value Effect size (B£s.e) P-value
Dyslipidemia
TCHL 2.65+0.61 1.48E-05" 1.36+0.54 0.01107 —0.38+1.02 0.7100
TG 1.1141.21 0.3595 2.18+1.06 0.0395” —4.94+2.01 0.0139”
HDLC 0.09+0.17 0.5957 —0.02+0.15 0.8716 0.19+0.29 0.5024
LDLC 2.34+0.56 3.14E-05% 0.95+0.49 0.0530 —0.42+0.93 0.6566

IStatistically significant values (P<0.05).

Abbreviations: SNPs, single nucleotide polymorphisms; s.e, standard error; TCHL, total cholesterol; TG, triglyceride; HDLC, high density

lipoprotein cholesterol; LDLC, low density lipoprotein cholesterol.
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SNPso| thsfiA] o VR @St =5 TCHL, TG, HDLC, LDLC
SA|Qh= oS ATAIS Ho =] BRIs1Yt. o]of wjz} o]
ARAEZ3} I E =% (TCHL, TG, HDLC, LDLC)E3}e] A
3 A A8k A3t 3709] SNPs (rs651007, rs657152,
1s8176707)7F-79] 521 P<0.055 =311 QUK Table
4). rs651007-2 @Y f o IR A EF Z TCHL, LDLC 52|
A, 1s657152+= TCHL, TG <=*|9IA] minor alleles B-7-&
7ol I A7} F7Vol= frosh A Ak Bols
£, o]A2 Y SNPs? A}t 23t B4 o 4+= ORO| =
ofx]= §-9/do] AUNH RAAE IHEA Aot I
< B )t feldo] Q= T THE SNPRI 18176707
9] 7490w TGO BAIA F/dS HolFal IgleH, TG
7} minor alleleE E-70k1L 912 1 ORO| W2 HFS Hoj
%o, o] HA| FA-th Rt EAof|A] oA @ Tl o
$F ORo] RolA|= AxE Hoj5qld At A5t

=t
=

k=l

A= el o) R SRR (KARE) S o
sto] ABO Ak Hdsk= ol $xIst 11719] SNPs &
HAHO|EE o= oA A EZI] JTIAE BARA
o2 ZRI5ILE o] % 10702 SNPs (rs8176681, rs514708,
rs651007, rs672316, rs552148, rs474279, rs657152,
rs641943, rs8176707, rs641959)7F BA1A |-oJ5&(P<

Plotted SNPs I | | il

0.05)2 H3itt. o] & 293 = EollA] rs8176707°] oV
AEEFT} BAZCE 7P RelRt gZ HATH/,<0.002)
(Figure 1).

GWAS catalog (www.ebi.ac.uk/gwas)E °]-&5}] ABO
SNPs 5314150 EAA AdZ HRl =22 U(novelty)
O1%] ERRISIALY. rs8176681-2 AFE9] 7](human height)2}
[10], rs657152%= 234 S 2 (thyroid hormone) =X][9],
Hinterleukin-6) [11, 12], €52 polyp colon) [13],
o|AE# ] E{estradiol) [14], 18|12 F2UHlo|HA 7=
2019 (coronavirus disease 2019, COVID-19) [15, 16]%}
A=l HAEQlt & AoA= Rl the=
ABO %o} oA dEFe] ATds HolFdth
1000 Genome Z2AE AAA|Y Hlo|E](2015)E 7|80 &
Geography of Genetic Variants BE2k$-A & o|- 8ol 2%
’d model F F2J5E0] =2 JIEE] {IX]3HABO 5-4%0]
Q1 rs8176707, rs6571522] minor allele T, A ¥7] ¥lE==7
AAR o2 X|uir} o2 P2 H K Figure 2).

19603 19709 5+ 2H| HAAIA 2tk ekt
Y= =T, AFEe] ABO EH P} of 2] A3 ze] A
TS FFIATH1 7). AARE ABO EHY 48R = A=
T AT A, A A, FAek A, 1Al <=

71, tiAMd gk detElohy S HhelRt AR el 2

3 0} It 18], A Ao A BAGL AR, 5
7 JALYE 371 BY BRI 9, 29, WYL

54| ~#

08
06

0.2

158176707
*

—logyo(p-value)
L ]

~ 100

Figure 1. Association of ABO SNPs and
dyslipidemia in Korean population. At
the top of the figure, the SNPs represent
the position on chr9. The association of
SNPs in the ABO gene and dyslipidemia
are shown in the middle left-sided in
Korean subjects. In the figure, the plot
demonstrates the statistical significances
(HogioP-value) of associations of the
SNPs. Using HapMap Asian population
data, the recombination rates estimated
° are depicted by a blue line. The SNP
L 20 number (rs#) with purple diamond
L] represents the most strongly associ—
ated SNP with dyslipidemia, and adjacent
other SNPs are shown by deep blues,

— 80

— 60

~ 40

(QW/Wo) S1el uoReUIqUIcoaY

indicating the levels of linkage disequili-
brium (). At the bottom of the figure,

I «ABO

‘ the nucleotide position is shown in the

T T T T

135.12 135.125 135.13 135.135

Position on chr9 (Mb)
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ABO gene on chr9 (NCBI build 36).
Abbreviations: SNPs, single nucleotide
polymorphisms: chr9, chromosome 9.
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B. rs657152

chr9:136139265 A/

N

0 -

Sample sizes below 30 become increasingly transparent to

Frequency Scale = Proportion out of 1
Tepresent uncertain frequencies, ie.

A o U

Figure 2. Geographic variants distribution of single nucleotide polymorphisms (SNPs) worldwide with 1000 Genomes data (2015) in this study.
(A) Geographic distribution of genetic variants of rs8176707 within ABO is distributed on maps displaying the minor T allele frequencies. (B) Similarly,
genetic polymorphism of ABO rs657152 is distributed on maps representing minor A allele frequency. The blue slices of pie chart show a

minor allele of each regional population over the world.
Abbreviation: chr9, chromosome 9.

g, AEde R 371 08 BABe S W
E, 28, §94 AL PYE 3712} o] 91T AB
% oL 1|2}, Lo], oI, Azt 5ashA| Aol 913
2 37017 Bt oh et AR, th Aol dLaE
Z710k Bato] gl Ao LhebgehIs, 19,

2 BA] SHEQ19] ABO--AAIR) oA}
AEAEF0] A2 Aol o HolFRlt) Paquette &
[20, 21] Aol ABO EHE(rs8176719, rs8176746) 54
A7F TEYAHEES 715E0] e AR A8 91
IR} QTS Hofe vl Stk £ AoflA= o IR AE S
I ABO®] 5748 ZAHgenotype)= AE 1171 SNPs2e]
SRR A case-control study)S 3] AHIAWAS
SRl o2 A3 g5ttt 71 HRlof QlofA e oA
AE8Z-Z op718k=TCHL, TG, LDLC 250 e v 4= 9]

5
oX
L
T
filo
of

2= =2

29 3RI5I9c of= ABO ko] 4 et /)5 %
el 7)450] opAAES Bt op et wle A, u
2% 5 43P AglolE o] gtk 2L oJufsh] 1

i
y T

o

= TRl to = oF 2 TiARERe] Aol st

EAES] ABO Al Tt 22 771 S| 32
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