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A Study of the Association between Enabled Homolog Gene Polymorphisms
and Kawasaki Disease in Korean Children

Gyeong Hee Yoo

Department of Pediatrics, Soonchunhyang University Cheonan Hospital, Soonchunhyang University College of Medicine, Cheonan, Korea

Objective: The etiology of the Kawasaki disease (KD) remains unknown despite of extensive studies but infection, immunity, and
genetics were suggested as causes. There have been attempted to link susceptibility to KD to allelic variations to search related
gene. The enabled homolog (Enah) gene on the human chromosome 1g42.12 encodes enabled/vasodilator-stimulated phospho-
protein (Ena/VASP). Ena/VASP is a regulator of actin cytoskeleton, exists in cytoplasm, and maintains homeostasis such as immune
response, blood vessel preservation, and hemostasis. The aim of this study was to investigate polymorphisms of the Enah gene as a
risk factor for KD and coronary artery lesions (CALs) as a complication.

Methods: In the Enah gene region, 15 single nucleotide polymorphisms (SNPs) were selected using human SNP websites (http://
www.hapmap.org/, genome build). Three hundred and six healthy controls and 106 KD subjects were recruited. SNP genotyping
was performed using the Golden Gate assay on an lllumina BeadStation 500 GX (lllumina Inc., San Diego, CA, USA). Frequencies of
allele were obtained and the genetic association between of the Enah gene polymorphisms and susceptibility to KD and CALs was
analyzed by SNPstats, Haploview software ver. 4.1 (Broad Institute, Cambridge, MA, USA). Multiple logistic regression analysis with
adjustment for gender was performed.

Results: One SNP (rs1891000) among total fifteen SNPs was associated with KD. Moreover, we found a significant association be-
tween rs487591, rs576861, rs7555139, rs10799319, and the development of CALs in KD patients.

Conclusion: These results suggest that the polymorphism of Enah gene may be associated with the occurrence of KD and develop-
ment of CALs as a complication.
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Fig. 1. Locations of selected single nucleotide polymorphisms in the enabled
homolog gene on human chromosome 1.
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Table 1. Demographics of the patients with Kawasaki disease with or without
coronary artery lesions and control subjects

Kawasaki disease

Variable : : Control
Without CALs ~ With CALs Total

No. of patients 75 31 106 306

Gender (male/female)  46/29 26/5 72/34 134/172

Age (yr) 26+20 28+2.1 27+20 41.1+£132

Values are presented as number or mean + standard deviation.
CALs, coronary artery lesions.
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Table 2. Logistic analysis of the selected 15 single nucleotide polymorphisms of enabled homolog in patients with Kawasaki disease and healthy control subjects

SNP Genotype Control KD Model (95% co%?i?iserr]acgnten/al) P-value
rs487591 G/G 155(50.8) 58(54.7) Codominant 0.85(0.59-1.22) 0.380
A/G 124(40.7) 42(39.6) Dominant 0.86(0.55-1.36) 0530
A/A 26(8.5) 6(5.7) Recessive 0.65(0.26-1.66) 0.350
Overdominant 0.96(0.61-1.53) 0.880
rs576861 /T 155(51.3) 56 (52.8) Codominant 0.90(0.63-1.30) 0.580
T/C 121 (40.1) 4441 5) Dominant 0.95(0.61-1.50) 0.830
C/C 26(8.6) 6(5.7) Recessive 0.65(0.25-1.65) 0.340
Overdominant 1.07(0.68-1.70) 0.770
rs7555139 A/A 151(51.5) 56 (52.8) Codominant 0.92(0.64-1.33) 0.670
A/G 119 (40.6) 4441 5) Dominant 0.95(0.61-1.50) 0.840
G/G 23(7.8) 6(5.7) Recessive 0.74(0.29-1.90) 0.520
Overdominant 1.03(0.65-1.63) 0.900
rs12034829 A/A 220(71.9) 81(76.4) Codominant 0.82(0.52-1.31) 0410
A/C 80(26.1) 23(21.7) Dominant 0.81(0.48-1.36) 0420
C/C 6(2.0) 2(1.9) Recessive 0.75(0.15-3.89) 0.730
Overdominant 0.82(0.48-1.41) 0470
rs10799319 G/G 155 (50.6) 57(53.8) Codominant 0.87(0.60-1.25) 0.450
A/G 125(40.9) 43(40.6) Dominant 0.89(0.57-1.41) 0.630
A/A 26(8.5) 6(5.7) Recessive 0.66(0.26-1.67) 0.360
Overdominant 1.00(0.63-1.58) 0990
rs1891000” /T 106 (66.7) 8(33.3) Codominant 3.25(1.36-7.79)" 0.007"
T/C 52(32.7) 16 (66.7) Dominant 3.59(1.43-9.03)" 0.005”
C/C 1(0.6) 0 Recessive 0.00(0.00-NA) 0.680
Overdominant 3.67 (1.45-9.24f" 0.005b)
rs10915842 G/G 310(100.0) 106 (100.0)
rs6681254 A/A 310(100.0) 106 (100.0)
rs6751 T 154 (50.5) 57(53.8) Codominant 0.87(0.61-1.25) 0.460
T/C 124(40.7) 42 (39.6) Dominant 0.88(0.56-1.39) 0.590
C/C 27(8.8) 7(6.6) Recessive 0.72(0.30-1.73) 0450
Overdominant 0.97(0.61-1.54) 0.890
rs2039620 /T 204(71.1) 78(76.5) Codominant 0.83(0.52-1.32) 0430
T/C 77(26.8) 21(206) Dominant 0.77(0.45-1.32) 0.340
C/C 6(2.1) 3(29 Recessive 1.10(0.26-4.61) 0.890
Overdominant 0.75(0.43-1.30) 0.300
(Continued to the next page)
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Table 2. Continued

Enah Polymorphisms and Kawasaki Disease ¢ Yoo GH

SNP Genotype Control KD Model (95% cog(fji?ise;itgnterval) P-value
rs1771316 C/C 262 (85.6) 92(86.8) Codominant 0.82(0.45-1.51) 0520
A/C 40(13.1) 14(132) Dominant 0.90(0.47-1.75) 0.760
A/A 4(13) 0 Recessive 0.00(0.00-NA) 0.085
Overdominant 1.03(0.53-2.02) 0.920
rs1764345 A/A 262 (86.5) 93(88.6) Codominant 0.89(0.46-1.73) 0.730
A/G 41(13.5) 11(10.5) Dominant 0.81(0.40-1.63) 0.550
G/G 0 1(1) Recessive NA (0.00-NA) 0.140
Overdominant 0.74(0.36-1.52) 0.400
rs954534 /T 261(86.1) 93(88.6) Codominant 0.89(0.46-1.72) 0.720
T/C 42(13.9) 11(10.5) Dominant 0.81(0.40-1.63) 0.550
C/C 0 1) Recessive NA (0.00-NA) 0.150
Overdominant 0.74(0.36-1.52) 0.400
rs4653643 G/G 159(52.1) 57 (54.8) Codominant 0.93(0.64-1.35) 0.720
A/G 124 (40.7) 40(38.5) Dominant 0.90(0.57-1.42) 0.640
A/A 22(7.2) 7(6.7) Recessive 1.02(0.41-2.52) 0970
Overdominant 0.89(0.56-1.42) 0.620
rs3795443 A/A 227(74.2) 79(74.5) Codominant 1.00(0.63-1.59) 0.990
A/G 72(235) 25(236) Dominant 1.01(0.60-1.69) 0.980
G/G 7(23) 2(19) Recessive 0.97(0.19-4.94) 0.970
Overdominant 1.01(0.59-1.72) 0.970

Values are presented as number (%).
SNP single nucleotide polymorphism; KD, Kawasaki disease; NA, not available.

“0ne SNP (rs1891000) among total fifteen SNPs was associated with KD. "P< 0.05 is considered statistically significant.

2L, 75782 Q1ATH(Table 1).

SNPs 157]] & 17]|(rs1891000)0f| 4] 7}2pA}7 W ey} ofu] 9]
AA] L BT 1s1891000(T/C)of| 4] TT, TCLF CC -F-23 0] Hho
etz A 22} 66.7% (n=106), 32.7% (n=>52), 0.6%
(n=1)¥2 7} H Lo A= 33.3% (n=8), 66.7% (n=16), 0%
(n=0)3At}. TT, TC2} CC 7IAF o] WEH == 7}pAF - o]
thzstoll Blsl 3.258) QAT oli= rs18910009] 44> -4
(minor allele) C7} 7}epAL7H 9] ¥ o]l Rl QIAtE 2A-8-3th=
7S oJu]gtth(codominant model, OR, 3.25; 95% CI, 1.36 to 7.79;
P=0.007; dominant model, OR, 3.59; 95% CI, 1.43 to 9.03;
P =0.005; overdominant model, OR, 3.67; 95% CI, 1.45 to 9.24;
P=0.005) (Table 2).

W3t PARE o] MM} Enah 4% ChIAS Bk 2
7} 157]12] SNPs 2 47]|(rs487591, rs576861, rs7555139, rs10799319)
of| A IAlsm B} ofu] Q)= ATIS B THrs487591: reces-
sive model, P = 0.036; overdominant model, OR, 2.59; 95% CI, 1.07
to 6.26; P=0.034; rs576861: recessive model, P =0.036; rs7555139:
recessive model, P = 0.036; rs10799319: recessive model, P =0.036;
overdominant model, OR, 2.49; 95% CI, 1.03 to 6.00; P=0.040)
(Table 3).
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Yoo GH ¢ Enah Polymorphisms and Kawasaki Disease

Table 3. Logistic analysis of the selected 15 single nucleotide polymorphisms of enabled homolog in Kawasaki disease with or without coronary artery disease

SNP Genotype Without CALs With CALs Model - Cogﬁﬂiﬁg"m ol P-value
rs487591% G/G 45(60.0) 13(41.9) Codominant 1.19(0.58-2.41) 0.640
A/G 24.(32.0) 18(58.1) Dominant 1.81(0.76-4.33) 0.180
A/A 6(8.0) 0 Recessive 0.00 (0.00-NAY 0.036”
Overdominant 2.59(1.07-6.26)" 0.034"
1s576861°! il 43(57.3) 13(41.9) Codominant 1.11(0.54-2.27) 0.780
T/C 26(34.7) 18(58.1) Dominant 1.64(0.68-3.90) 0.270
C/C 6(8.0) 0 Recessive 0.00 (0.00-NAY! 0.036”
Overdominant 2.32(0.96-5.57) 0.059
rs7555139” A/A 43(57.3) 13(41.9) Codominant 1.11(0.54-2.27) 0.780
A/G 26(34.7) 18(58.1) Dominant 1.64(0.68-3.90) 0.270
G/G 6(8.0) 0 Recessive 0.00 (0.00-NAY 0.036”
Overdominant 2.32(0.96-5.57) 0.059
rs12034829 A/A 59(78.7) 22(71.0) Codominant 1.16(0.49-2.76) 0.740
A/C 14(18.7) 9(29.0) Dominant 1.45(0.55-3.86) 0.460
C/C 2(2.7) 0 Recessive 0.00 (0.00-NA) 0.180
Overdominant 1.80(0.66-4.87) 0.250
rs10799319” G/G 44(58.7) 13(41.9) Codominant 1.16(0.57-2.37) 0.680
A/G 25(33.3) 18(58.1) Dominant 1.75(0.73-4.18) 0.200
A/A 6(8.0) 0 Recessive 0.00 (0.00-NAY 0.036”
Overdominant 2.49(1.03-6.00f" 0.040”
rs1891000 il 6(40.0) 2(22.2)
T/C 9(60.0) 7(77.8)
C/C 0 0
rs10915842 G/G 0 0
rs6681254 A/A 0 0
rs6751 il 44(587) 13(41.9) Codominant 1.25(0.63-2.49) 0530
T/C 25(33.3) 17 (54.8) Dominant 1.75(0.73-4.18) 0.200
C/C 6(8.0) 1(32) Recessive 0.36(0.04-3.17) 0.310
Overdominant 2.20(0.92-5.27) 0.077
rs2039620 il 57(79.2) 21(70.0) Codominant 1.36(0.60-3.09) 0470
T/C 13(18.1) 8(26.7) Dominant 1.60(0.59-4.30) 0.360
c/C 2(28) 1(3.3) Recessive 0.83(0.08-10.16) 0910
Overdominant 1.72(0.61-4.86) 0.310
rs1771316 C/C 69(92.0) 23(74.2)
A/C 6(8.0) 8(25.8)
c/C 0 0
rs1764345 A/A 64 (86.5) 29(935) Codominant 0.43(0.10-1.94) 0.230
A/G 9(12.2) 2(6.5) Dominant 0.43(0.09-2.15) 0.270
G/G 1(1.4) 0 Recessive 0.00 (0.00-NA) 0.340
Overdominant 0.51(0.10-2.57) 0.390
rs954534 il 64 (86.5) 29(935) Codominant 0.43(0.10-1.94) 0.230
T/C 9(12.2) 2(6.5) Dominant 0.43(0.09-2.15) 0.270
C/C 1(1.4) 0 Recessive 0.00(0.00-NA) 0.340
Overdominant 0.51(0.10-2.57) 0.390
(Continued to the next page)
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Table 3. Continued

Enah Polymorphisms and Kawasaki Disease ¢ Yoo GH

SNP Genotype Without CALs With CALs Model — CO?E%SS ;it(l,ointerval) Pvalue
rs4653643 G/G 44.(59.5) 13(43.3) Codominant 1.24(0.62-2.49) 0.550
A/G 24(32.4) 16(53.3) Dominant 1.74(0.72-4.21) 0.220
A/A 6(8.1) 1(33) Recessive 0.36(0.04-3.22) 0.310
Overdominant 2.20(0.90-5.37) 0.083
rs3795443 A/A 58(77.3) 21(67.7) Codominant 1.28(0.54-3.02) 0.580
A/G 15(20.0) 10(32.3) Dominant 1.52(0.59-3.94) 0.390
G/G 2(2.7) 0 Recessive 0.00 (0.00-NA) 0.270
Overdominant 1.76(0.67-4.61) 0.260

Values are presented as number (%).
SNP, single nucleotide polymorphism; CALs, coronary artery lesions; NA, not available.

aSignificant association between rs487591, rs576861, rs7555139, rs10799319, and the development of CALs in KD patients. "P< 0.05 is considered statistically significant.

Table 4. Haplotype association of blocked single nucleotide polymorphisms in enabled homolog

Ratio counts )
Frequencies .
Haplotype Case Control Chi-square P-value
+ - + Case Control
AGTACTTGAATG 1530 57.0 4310 180.0 0.729 0.705 0.408 0.5231
GATACTCAAGCA 27.0 183.0 84.0 527.0 0.129 0.137 0.106 0.7449
AACGCCCACGCA 120 198.0 430 568.0 0.057 0.070 0438 0.5081
AATAACCACGCA 130 197.0 36.0 575.0 0.062 0.059 0.025 08751
AGTAACCACGCA 1.0 209.0 120 599.0 0.005 0.020 2213 0.1369
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Fig. 2. Block of linkage disequilibrium in the 15 selected single nucleotide poly-
morphisms of enabled homolog.
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AGTACTTGAATG .712
GATACTCAAGCA .121
AACGCCCACGCA .073
AATAACCACGCA .064
AGTAACCACGCA .019

Fig. 3. Haplotype frequency of linkage disequilibrium in the 15 selected single
nucleotide polymorphisms of enabled homolog.
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