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ABSTRACT

Objectives: In the present study. a genetic analysis was conducted to investigate the association of the expression of SNPs
of EDNI gene polymorphism with the clinical phenotype in bronchial asthma patients with either excess or deficiency syndrome.

Methods: Ninety-four healthy control subjects and 52 asthma patients were included in this study. The asthma patients
were divided into two groups: those with deficiency syndrome and those with excess syndrome. We searched the exonic and promoter
areas of the EDNI gene in the NCBI website SNPs with <0.01 minor allele frequency (MAF) and <0.01 heterozygosity. Pro
programs were performed to obtain the odds ratio, 95% confidence interval, and p-value. Multiple logistic regression models
were conducted to analyze the genetic data.

Results: In our genotype and allele analyses, there were significant differences in the codominant 2 model of the rs3087459
SNP genotype and also in the CGG haplotype between the control group and the asthma group. Genotype and allele analyses
were conducted between the deficiency and excess syndrome group. There were significant differences in the dominant and
log-additive model and also in the frequency of C-alleles of rs3087459 SNP genotype. There were significant differences in codominant 1.,
dominant and log-additive model and T-allele of rs5370 SNP genotype. The AGG haplotype also revealed significant differences.

Conclusions: EDN1 SNPs (rs3087459, 1s5370) showed a significant association with symptomatic excess syndrome in Korean
asthmatic patients.
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Fig. 1.

Map viewer of EDN1 gene in Ensembl database.
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Table 1. Questionnaire, Classification Criteria of E.S Group and D.S Group
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Table 2. Characteristics of Subjects in This Study
Normal Asthma

Total numbers 94 52
Male/Female 48/46 19/33
Age (mean+SD, years) 44.3¥2.8 47.4+13.7
DS 24
E.S 28

D.S : deficiency syndrome
E.S : excess syndrome
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Table 3. Primers for Polymerase Chain Reaction
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1s3087459(sense, 5~ AGCCAATGTGTTCCATGCACC-3';
antisense, 5~-CATGCCCAGTCTTTTCCCTATC-3),
1s5369(sense, 5-GTGCCCAGTGGAATAGGTGTGT
-3 antisense, 5-CCTTCCCTCTTACCTGGTTTG-3),
T2 1s5370(sense, 5-CTGCCCACTTCCCCTTAGACTTG
-3': antisense, 5-TGGAATGTTTTGAACGAGGAC
-3)(Table 3). PCR profile= 94 CellA 30%, 58 C
oA 30%, T3 72 CTellM 30Z%, 35AFelZF &4
o}, PCR A& A7]d 50 s 1.8% agarose
gel2 Fal=E il 2+ SNPe +4A13S B3]
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SNPs Forward Reverse
153087459 AGCCAATGTGTTCCATGCACC CATGCCCAGTCTTTTCCCTATC
=057
155369 GTGCCCAGTGGAATAGGTGTGT CCTTCCCTCTTACCTGGTTTG
Glul06Glu
1s5370 CTGCCCACTTCCCCTTAGACTTG TGGAATGTTTTGAACGAGGAC
Lys198Asn

SNP : single nucleotide polymorphism

4. EHEM

18] (odds ratios, ORs) 2} 95% A1%]7-%H confidence
intervals, Cls)S &4 391 p0.05¢9 A% &4
Ao FoAo] glE Aoz 7F sk BAEA
2 SNPStats(http://bicinfo.iconcologia.net/index.php?
module =Snpstats) 2+ SPSS 18.0(SPSS Inc., Chicago.

52

IL, USA) Z2 I3 o83t 3jr-¢felw 19
%) (Hardy-Weinberg equilibrium, HWE)< SNPStats
£ o] &3lo] AXbely, BIEHFH S Haploview
42 =233 o8] £



m, Z =

o7 O B

A% WZ22E Ygow HF o
AT, 34 489 (51.06%).
o A4 2 29 A7
A1, 34 199 (3653%).
AR A e
2
)

d
oS =
A

A 334

<> 44.3+2.84)

46( 6.93% el
A 47421374
(63.46%) o2
KRR E?ﬁﬁ 1

- Z40[of - OE4F - HAF - 272 - HEE - HEN - ML)

2. AL =T 7[2X| M4 2HAkTe] EDNT SNP
of Hlw =M
A7 Az A4 a9 EDNI 44k 370

] SNP(rs3087459., -957 1$9369, Glul06Glu; 1rs5370,
Lys198Asn) oA §-AAEH 3 442 v)x &
A sl oH(Table 4). =3 542 3 o) 3] 4-A 2}l
AAN AN F9F JBAE 2A2Y 3
AL Bt BAsAR,

Table 4. Genotype and Allele Frequencies of EDNT SNPs in Control Group and Asthma Group

Genotype

Control

Asthma

SNPs Jallele (%) (% Models OR (95% CI) D
EDNI1 A/A 6 (59.6) 5 (48.1) codominantl 1.27 (0.62-2.61) 0.52
133087459 A/C 6 (38.3) 2 (42.3) codominant2 5.92 (1.03-33.95) 0.046
-957 C/C 2 (21 5 (9.6) dominant 1.50 (0.75-2.99) 0.26
recessive 5.38 (0.96-30.06) 0.042
log-additive 1.66 (0.93-2.99) 0.09
A 148 (78.7) 2 (69.2) 1
C 40 (21.3) 2 (30.8) 1.64 (0.96-2.83) 0.07
EDNI1 G/G 86 (91.5) 50 (96.2) codominantl 0.42 (0.08-2.10) 0.26
1s5369 G/A 8 (8.5) 2 (38)
Glul06Glu A/A 0 (0.0) 0 (0.0)
G 180 (95.7) 102 (98.1) 1
A 8 (4.3) 2 (19 0.44 (0.09-2.12) 0.31
EDNI G/G 54 (57.5) 5 (48.1) codominantl 1.61 (0.78-3.30) 0.20
185370 G/T 33 (35.1) 4 (46.1) codominant? 1.00 (0.24-4.21) 1.00
Lys198Asn T/T 7 (75) 3 (5.8) dominant 1.50 (0.75-3.00) 0.25
recessive 0.81 (0.20-3.30) 0.77
log-additive 1.25 (0.72-2.16) 0.42
G 141(75.0) 74 (71.2) 1
T 47 (25.0) 30 (28.8) 1.22 (0.71-2.08) 0.48

EDNI : endothelin 1, SNP
Bold numbers means significant.

: single nucleotide polymorphism, n : number of subjects, number of subjects, NA : not applicable
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Zr 87%: 21.3% 2213 69.2%: 30.8%(A allele:
C allele) o] 3L, 23t 2ke]7} lSiet.

A7 Az A4 AL AM 185369 SNP
Az o] W& A7 915%: 85%: 0.0% 181
96.2%: 3.8%: 0.0%(G/G genotype: G/A genotype:
A/A genotype) ©1$1 3, 155369 SNP w3 #214}2]
WSS 95.7%: 43% =3 9B8.1%: 1.9%(G allele:
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(chi square=7.23, p=0.0072).

Table 5. Haplotype Analysis of EDNT SNPs in Control Group and Asthma Group
Control Asthma

Haplotype Frequency " - " Chi square D
AGG 0.65 129.0 99.0 62.0 42.0 241 0.12
CGT 0.17 28.5 159.5 20.7 83.3 1.07 0.30
AGT 0.09 17.3 170.7 8.8 9.2 0.05 0.82
CGG 0.05 5.1 182.9 10.5 93.5 7.23 0.0072
CAG 0.02 5.2 182.8 0.2 103.8 2.37 0.12

EDN1 : endothelin 1, SNP : single nucleotide polymorphism, n : number of subjects
(+)  ratio a specific haplotype of case or control, (=) : ratio not a specific haplotype of case or control
Bold numbers means significant.
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57.1%: 10.7%(G/G genotype: G/T genotype: T/T 2lo] 5 R A 3.24, %% A1F 7+ 1.28-8.20,
genotype) ©]21 2™, 155370 SNP f-31zt8e] w& p%k 0.013].
Table 6. Genotype and Allele Frequencies of EDNT SNPs in D.S Group and E.S Group
snps  Cemewe DSBS Models OR (9% CI) b
EDNI1 A/A 15 (62.5) 10 (35.7) codominantl 2.56 (0.75-8.76) 0.14
133087459 A/C 9 (37.5) 13 (46.4) codominant? NA (0.00-NA) NA
=957 C/C 0 (0.0) 5 (17.9) dominant 3.51 (1.06-11.64) 0.034
recessive NA (0.00-NA) NA
log-additive 3.61 (1.26-10.35) 0.0086
A 39 (81.2) 33 (58.9) 1
C 9 (18.8) 23 (41.1) 3.02 (1.23-7.42) 0.016
EDN1 G/G 23 (95.8) 27 (96.4) codominantl 1.01 (0.05-20.70) 1.00
1s5369 G/A 1 (42) 1 (36)
Glul06Glu A/A 0 (0.0) 0 (0.0)
G 47 (97.9) 55 (98.2) 1
A 1 QD 1 (18 0.86 (0.05-14.04) 0.91
EDN1 G/G 16 (66.7) 9 (32.1) codominantl 410 (1.16-14.49) 0.028
1sH370 G/T 8 (33.3) 16 (57.1) codominant? NA (0.00-NA) NA
Lys198Asn T/T 0 (0.0) 3 (10.7) dominant 4.86 (1.40-16.90) 0.0091
recessive NA (0.00-NA) NA
log-additive 4.63 (1.43-15.03) 0.0049
G 40 (83.3) 34 (60.7) 1
T 8 (16.7) 22 (39.3) 3.24 (1.28-8.20) 0.013
EDNI : endothelin 1, SNP : single nucleotide polymorphism, n : number of subjects, number of subjects, NA : not applicable

Bold numbers means significant. D.S : deficiency syndrome E.S :

excess syndrome
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371¢] SNP(rs3087459, -957: 15369, Glul06Glu:
155370, Lys198Asn)E L8 £A3ldvH(Table
7). 5709 el A3 (AGG haplotype, CGT haplotype.
AGT haplotype, CGG haplotype, CAG haplotype)

ARIA O

o] glglom, 7 F AGG duiAde] W=} E
3} EERRIA 3 2}o] S Btk (chi square=8.20,
p=0.0042).

Table 7. Haplotype Analysis of EDNT SNPs in D.S Group and E.S Group

Haplotype Frequency n DS - " £S5 - Chi square p
AGG 0.59 35.6 124 26.0 30.0 8.20 0.0042
CGT 0.20 5.6 42.4 15.0 41.0 375 0.05
CGG 0.11 34 44.6 75 48.5 1.07 0.30
AGT 0.09 2.4 45.6 6.5 49.5 141 0.23
AAG 0.01 L0 47.0 0.5 95.5 0.26 0.61

(+) : ratio a specific haplotype of case or control, (-)

Bold numbers means significant.
D.S : deficiency syndrome, E.S : excess syndrome

4, 12 zTat M4 SA; EE#el EDNT SNP
W =4,
27 Az A4 &b EFERES] EDNL #+-4

2 3702 SNP(rs3087459, -957: rs5369, Glul06Glu:
155370, Lys198Asn) F-AA- 3} 7422 4
31 oH(Table 8). fxH 2 3] f ko] 9leiA
A7 Az EEE 1Y ARBAE 2AAE

AA2AE Salo] EAGYT.
A7 2L RS rs3087459 SNP H-3#}

o Wixx= 59.6%: 383%: 21% 123 625%:
375%: 0.0%(A/A genotype: A/C genotype: C/C
genotype) ©]%.e™ F-28t 2}e]7F $19det 1s3087459
SNP A" fA4Ate] W& 474 87%: 21.3%
217 81.2%: 18.8%(A allele: C allele) ©1%1.2™
Felgt 2fol 7t sl

A7y Az EERES] 155369 SNP 41418
o] W &2 747t 915%: 85%: 0.0% 113 95.8%:
42%: 00%(G/G genotype: G/A genotype: A/A

56

* ratio not a specific haplotype of case or control
EDN1 : EDNI1 molecule, complement regulatory protein, SNP :

single nucleotide polymorphism, n : number of subjects

genotype) |5l em  f-23t zhol7} it 15369
SNP A3z W &2 7h2k 05.7%: 4.3%
3 97.9%: 2.1%(G allele: A allele) o]l o™ F
o8k zke]7} gl

77k 2 BERS 155370 SNP #4418 ]
W g2 7 57.5%: 35.1%: 7.5% 183 66.7%:
33.3%: 0.0%(G/G genotype: G/T genotype: T/T
genotype) o5l o™ o]k Aol7b ¢islet. 185370
SNP dsl-f-Adxte] &S 47 75.0%: 25.0%
J2]3 83.3%: 16.7%(G allele: T allele) ©]31 2
Folgt zfel 7k gl

371] SNP(rs3087459, -957: 15369, Glul06Glu:
1s5370, Lys198Asn)S dul a3 EAMst3icH(Table
9). 578 dujA o] 9l om, ojzjdt UwjAY
(AGG haplotype, CGT haplotype, AGT haplotype,
CGG haplotype, CAG haplotype)= 77+ o) 23}
R ALololl A f-ol3t Zpo]E HolA] 9ottt
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Table 8. Genotype and Allele Frequencies of EDNT SNPs in Control Group and D.S Group
Genotype Control D.S

SNPs Jallole % % Models OR (9% CI) p
EDN1 A/A 56 (59.6) 15 (62.5) codominantl 0.83 (0.31-2.22) 0.71
rs3087459 A/C 36 (38.3) 9 (37.5) codominant? 0.00 (0.00-NA) NA
=957 C/C 2 2D 0 (0.0) dominant 0.79 (0.30-2.10) 0.64
recessive 0.00 (0.00-NA) NA
log-additive 0.76 (0.30-1.91) 0.55
A 148 (78.7) 39 (81.2) 1
C 40 (21.3) 9 (18.8) 0.85 (0.38-1.91) 0.70
EDN1 G/G 86 (9L.5) 23 (95.8) codominantl 0.34 (0.03-3.55) 0.32
1$5369 G/A 8 (8.5) 1 (42)
Glul06Glu A/A 0 (0.0) 0 (0.0)
G 180 (95.7) 47 (97.9) 1
A 8 (4.3) 1 QD 0.48 (0.06-3.92) 0.49
EDNI1 G/G 54 (57.5) 16 (66.7) codominantl 0.75 (0.27-2.06) 0.58
155370 G/T 33 (35.1) 8 (33.3) codominant2 0.00 (0.00-NA) NA
Lys198Asn T/T 7 (75) 0 (0.0) dominant 0.63 (0.23-1.70) 0.35
recessive 0.00 (0.00-NA) NA
log-additive 0.58 (0.24-1.40) 0.20
G 141(75.0) 40 (83.3) 1
T 47 (25.0) 8 (16.7) 0.60 (0.26-1.37) 0.23

EDNI : endothelin 1. SNP : single nucleotide polymorphism. n : number of subjects, number of subjects, NA : not applicable
D.S : deficiency syndrome

Table 9. Haplotype Analysis of EDNT SNPs in Control Group and D.S Group

Haplotype Frequency - Control - - D5 - Chi square p
AGG 0.70 129.2 8.8 35.8 12.2 0.64 0.42
CGT 0.15 29.0 159.0 5.8 42.2 0.32 0.57
AGT 0.08 172 170.8 2.2 45.8 1.10 0.30
CGG 0.03 4.7 183.3 3.2 4438 2.00 0.16
CAG 0.02 5.5 182.5 0.0 48.0 1.44 0.23
AAG 0.01 1.6 186.4 L0 47.0 (.52 0.47

(+)  ratio a specific haplotype of case or control, (=) : ratio not a specific haplotype of case or control
EDN1 : EDNI molecule, complement regulatory protein, SNP : single nucleotide polymorphism, n : number of subjects
D.S : deficiency syndrome
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b A& =z MA AL 'Rl EDNT SNP
M

A7z BEM Akele] 3719 EDN1 4
Al SNP(rs3087459. -957: 15369, Glul06Glu: rsH370.
Lys19BAsn) oM 4433 H3FA2E vl 2d
A s}k (Table 10). =3t f-AA 3 o 3542
ol ‘3l°1"1 A7 Az BEN 1 AR
FAAE 3RS 3] £

27 “415‘-:'"4 HHAE 71 153087459 SNP 4

Aol g Aele A7 596%: 383%: 2.1%
212 35.7%: 46.4%: 17.9%(A/A genotype: A/C
genotype: C/C genotype) 01911, 153087459 SNP #-4
A48 9] W& E-2 codominant 2 29 (A/A genotype
versus C/C genotype) [2}H] 14.92, 95% A3 F7¢
2.41-92.55, p#k 0.004]% dominant(A/A genotype
versus A/C genotype 22832 C/C genotype) [Z2}H]
2.53, 95% A= F-7F 1.04-6.16, pFt 0.03713} recessive
29 (A/A genotype and A/C genotype versus C/C
genotype) [ xHA] 11.05, 95% A1 77+ 1.90-64.28,
p7k 0.0043], 28] log-additive 22 (A/A genotype
versus A/C genotype versus C/C genotype) [2A}
¥ 2.82. 95% A1ZF7F 1.37-5.81. pFk 0.0039]<1A
frelgt Aol E Hodth rs3087459 SNP =& H-2A
o g 87%: 21.3% I3 589%: 41.1%
(A allele: C allele) o] 5=t EFEHS] 1530874599
C A AR A& (41.1%) ©) 27N 27(21.3%)
o =ter o3 zpo|E RvawAbn] 2,58,
95% A1 77 1.36-4.88, pak 0.004].

77 2L EEEELS 15369 SNP -f-4 )
W& 915%: 85%: 00% T3 96.4%:
0.0%(G/G genotype: G/A genotype: A/A

)

3.6%:

58

genotype) ol o™ f-2 8 tol7t STt 15369
SNP HH-f2iA} el &-2 905.7%: 4.3% T=|31 98.2%:
18%(G alldle: A allele)olom <5k o] 7}
Al

77y N2 BEEES rsb370 SNP #4448
o) HLE 575%: 35.1%: 75% 133 321%:
57.1%: 10.7%(G/G genotype: G/T genotype: T/T
genotype) o] %12, 155370 SNP 41713 wa &2
codominant 1 E2(G/G genotype versus G/T
genotype) (28] 2.95, 95% AlZ|F-7F 1.15-7.57, p
%k 0.024]13%} dominant =% (G/G genotype versus
G/T genotype and T/T genotype) [A}8] 2.86, 5%
AlZ] 37k 1.15-7.10, p%k 0.019], 2832 log-additive
29(G/G genotype versus G/T genotype versus
T/T genotype) [xH4] 1.94, 95% A1=]F7F 1.00-3.75,
pgk 0.04811A4 F-4J3t 2] & RS} 155370 SNP
N 5AAe g2 750%: 25.0% 183 60.7%:
39.3%(G allele: T allele) o]$ic}. EHERES] 155370
T H3F42H39.3%) 7} 274 H2L(25.0%) 2ok o
Eorom fofst zpe|E MY wAM] 1.94, 95%
A1Z 7 1.03-3.64, pa; 0.039].

370 2] SNP(rs3087459, -957: 1$5369. Glul06Glu:
1$5370, Lys198Asn)E dwuiAls #3819 cH(Table
11). 571x12] A3 (AGG haplotype. CGT haplotype,
AGT haplotype, CGG haplotype, CAG haplotype)
o] 3lxiEd. I F AGG. CGT. CGG LuiAI3 2
HEst 77 "414—*# EEMHAA Fo3 Aol &
HAHAGG haplotype, chi square=38.850, p=0.0029:
CGT haplotype, chi square=3.88, p=0.0488: CGG
haplotype, chi square=9.60, p=0.0019).
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Table 10. Genotype and Allele Frequencies of EDNT SNPs in Control Group and E.S Group

Genotype Control E.S
SNPs /allele n (%) n (%)

Models OR (95% CI) D

EDNI A/A 56 (59.6) 10 (35.7)  codominantl 1.90 (0.74-4.87) 0.18
153087459 A/C 36 (38.3) 13 (46.4)  codominant? 14.92 (2.41-92.55) 0.004
-957 C/C 2 21 5 (17.9) dominant 2.53 (1.04-6.16) 0.037
recessive 11.05 (1.90-64.28) 0.0043
log-additive 2.82 (1.37-5.81) 0.0039
A 148 (78.7) 33 (58.9) 1
C 40 (21.3) 23 (41.1) 2.58 (1.36-4.88) 0.004
EDNI G/G 86 (91.5) 27 (96.4)  codominantl 0.38 (0.04-3.27) 0.33
1s5369 A/G 8 (8.5) 1 (3.6)
Glul06Glu A/A 0 (0.0) 0 (0.0)
G 180 (95.7) 55 (98.2) 1
A 8 (4.3) 1 (1.8) 0.41 (0.05-3.34) 0.40
EDNI1 G/G 54 (57.5) 9 (32.1) codominantl 2.95 (1.15-7.57) 0.024
155370 G/T 33 (35.1) 16 (57.1)  codominant? 2.47 (0.52-11.72) 0.25
Lys198Asn T/T 7 (7.5) 3 (10.7) dominant 2.86 (1.15-7.10) 0.019
recessive 1.43 (0.33-6.10) 0.64
log-additive 1.94 (1.00-3.75) 0.048
G 141(75.0) 34 (60.7) 1
T 47 (25.0) 22 (39.3) 1.94 (1.03-3.64) 0.039

EDMI : endothelin 1. SNP : single nucleotide polymorphism. n : number of subjects, number of subjects, NA : not applicable
Bold numbers means significant. E.S : excess syndrome

Table 11. Haplotype Analysis of EDN1 SNPs in Control Group and E.S Group
Control E.S

Haplotype Frequency " - - - Chi square P
AGG 0.64 129.2 58.8 26.3 29.7 8.8 0.0029
CGT 0.18 28.3 159.7 148 41.2 3.88 0.0488
AGT 0.10 174 170.6 6.6 49.4 0.29 0.59
CGG 0.05 51 182.9 73 48.7 9.60 0.0019
CAG 0.02 o4 182.6 0.3 0.7 1.07 0.30

(+) : ratio a specific haplotype of case or control, () : ratio not a specific haplotype of case or control

EDN1 : EDNI molecule, complement regulatory protein, SNP : single nucleotide polymorphism, n : number of subjects
Bold numbers means significant.

E.S : excess syndrome
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