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Purpose : Development of asthma involves the interaction between genetic factors and environ-
mental stimuli. This study aims to investigate whether major single nucleotide polymorphism (SNP)s
and their haplotypes of the ADRBZ (32-adrenoceptor) gene are associated with children with asthma
in Korea.

Methods : Children with asthma aging 5 to 15 years old were recruited as the patient group,
and children without respiratory diseases or asthma of the same age were recruited as the control
group. Blood samples of 5 mL were collected and DNA was extracted by standard methods. Genotyping
was done for 6 SNPs known to have a frequency of more than 4%, including 1309A>G, 1342C>G,
1515G>A, 1786C>A, 2316G>C, 2502G>A.

Results ¢ Overall, 438 subjects (214 patients and 224 controls) were included in this study.
Minor allele homozygote frequency of 6 SNP were 22%, 1.8%, 11%, 12.3%, 21.2% and 13.0%,
respectively. Differences between both groups of individual SNP frequencies were not statistically
significant, although the difference of the frequency of the second SNP (1342C>G) has borderline
significance (P=0.06). Overall distributions of haplotypes were not significantly different between
both groups. However, analysis of specific SNPs among haplotypes revealed that haplotypes
including the 2nd SNP were significantly associated with asthma (odds ratio, 1.7; 95% confidence
interval, 1.1 to 2.6). Combinations of haplotypes excluding the 2nd SNP did not show significant
difference between both groups.

Conclusion : This study suggests that the ADRBZ gene polymorphism is associated with suscepti-
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bility to childhood asthma and that analysis of haplotypes rather than SNPs is more reliable in
this association. [Pediatr Allergy Respir Dis(Korea) 2012;22:354-363]
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23} Aol givkar Gefxl Aol 3 efd=e
&9 9J8kS 3= cytochrome P450 2E1% 2 mitogen-
activated protein kinase,s‘ﬁ) 713A] B Fofsli= B2-
adrenoceptor (ADRB2),"® 3 7E|F0| = ok&o] =
24191 glucocorticoid receptor” o] 9tk

A2 FR ke @3k A7t 7hE wol o] Folxl §
A= @A) 5q31-33 Agloltk FAA) 5g31-33 Aol
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20% o) A== vEREH Q] 5% (provocative concen-
tration of a methacholine causing a 20% fall in FEV;,
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2. A7 4y
1) HE=A
ARAE Bl AT 54, WA 9 el =) Ao

i dze] gl 5 mlLE AH 3t Puregene DNA 8
7)E (Gentra, Minneapolis, MN, USA) & o]-&3}o] DNA
= Hgslo] -20CoA B339t Polymerase chain
reaction WFg-]| ©]€-3}F primer+= Table 13} 2t} ADRBZ
SNP9] #3132 #5331 SNPstream 25K %] (Orchid
Biosciences, Princeton, NJ, USA) & ©]&3}¢] SNP-IT
assay i AT

3) YUHHMIE =A o

Ao ERY QAR T F e AZES ]
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(set) Q1 htSNP+ tagSNPs Eglo] V 1.1& AHg3s

A7 sk
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ZEAEALS SAS 9.1 (SAS Institute Inc., Cary, NC,
USA) T2 o] 8313ir). A2} vzt ’\}OH =

] W7o H+tx] v Student's ttest@ 4181931
FAR T F o 7] W% ]t chi-square testE

AL A7) A2 7$-olli= Fisher's exact testE 319}
t}. SNP7F th$- linkage disequilibrium (ILD) £41-2 SAS/
Genetics 2855 o]-g3fo] 418101t 243 44 v
Azke] P 22X AE 39 B4 (logistic regression)
+= Al3asick P gte] 0.05 o3kl A frejstrta w7
STk
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1. HEEZAL

A 5 W= i‘rXHl 21477} i Zt 2247 0=
T 43890)ith SRS 1HAA A 39.4%, BT A%
’d 39.4%, T5%F AL 21 2%934.

AA 4 Ao Hat AHL 6,149 T dxre] H
T AYL 6.7/ Aol tial Hrststel A¥opd

Table 1. PCR Primers for SNP Genotyping in The Loci of B2-Adrenoceptor Gene

No. SNP Rs no. DNA/mRNA Primer sequence
1 G16R rs1042713 1,309/265 Forward primer CCACAGCCGCTGAATGA
Reverse primer CCAGTGAAGTGATGAAGTAGTTG
Genotyping primer CAGCGCCTTCTTGCTGGCACCCAAT
2 Q27E rs1042714 1,342/298 Forward primer TTCTTGCTGGCACCCAAT
Reverse primer GACATGACGATGCCCATG
Genotyping primer TGCGCCGGACCACGXCGXCACGCAG
3 L84L rs1042717 1,515/471 Forward primer CAACTACTTCATCACTTCACTG
Reverse primer ACATTTTCATAAGAATATGGGCG
Genotyping primer CCTGTGCTGATCTGGTCATGGGCCT
4 R175R  rs1042718 1,786/742 Forward primer ATTGTGTCAGGCCTTACCTC
Reverse primer GTCTCATTGGCATAGCAGTTG
Genotyping primer CTTGCCCATTCAGATGCACTGGTAC
5 G351G  rsl1042719 2,316/1272 Forward primer TTCCAGGAGCTTCTGTGC
Reverse primer ATATCCACTCTGCTCCCCTG
Genotyping primer TGTTGCCGTTGCTGGAGTAGCCATT
6 L413L  rs1042720 2,5602/1458 Forward primer ATAACATTGATTCACAAGGGAGG

Reverse primer
Genotyping primer

TTAAATAGTCTGTTTAGTGTTCTGTTGG
ATTGTAGTACAAATGACTCACTGCT

PCR, polymerase chain reaction; SNP, single nucleotide polymorphism.
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PR BANE W Aok 7 b Ao} glgieh
(Table 2)
A2 BATo] tlETuTh Pel=r] ABS A

%, 21.2%, 13.0%AT}. 1342 C>G (rs1042714) &) 739,
A ozl vl 1342 CG == GG 227} A
e AEor FesHl wa& & 5 3SR (P=0.06) 1 9

73571 Wk (Table 2) 7153 ollM = 7]#kA] 544 3 o} 57N #121] SNPE- ShAbta} that gt 2] 3k 21l 7} 131
et o3| g-Golut g 2ru|e] e 7o) $xt th

oA fe5kA @tk (Table 2)
**, Al 717 24 AT, 7h Fo T AT U= 671 §1x1ellA4] SNP 3F LDE #413813ks vl L SNpzh
T bl 28t o) 7t QAL (Table 2) A1} iz o= gt LD #AIE ERIE < SISk (Fig. 1) SNP1309-
2+ AF G, whdoly HAxlell o]gshs ARE 2ol7) 9l SNP 1515 (P<0.01), SNP1309-SNP1786 (P<0.01),
itk ol = FA, Aok U FoAA= Akt TR SNP1309-SNP2316 (P<0.05), SNP1342-SNP2502 (P
oot BAIA R frolekA] Aok, ofmye] |Al & <0.05), SNP1515-SNP1786 (P<0.01), SNP1515-SNP
AL Ao thRTETE Woko BAH §-04 2316 (P<0.01), SNP1515-SNP2502 (P<0.05), SNP
ATk (P=0.0655) (Table 3) 1786-NP2316 (P<0.01), SNP1786-SNP2502 (P<0.05),
SNP2316-SNP2502 (P<0.05) 7t 523 LDBAL

2) SNPZt A2 =EH(LD)

9 o

rlo

2. QXX BA

3kt

1) SNP 2% 3) LM 2=

ADRBZ 449 6719 AA6lA] ti=d -4} (allele) & SNPTELDS SRRISHIARE <) SNPRF LD )=
K QuiAFE F AR AR B} B2 {317

152 22495190k (Table 4) 6714 SNPel| W& minor & =5F
H

EeN
#29 (homozygote) W% ZH2F 29%, 1.8%, 11%, 12.3 & 5 7 o B= 6719 SNP= dwiAlg& 74

Table 2. General Characteristics of Subjects

Variable Asthma group (n=214) Control group (n=224) Odds ratio (95% CI) P-value
Age (yr)
5-6 138/214 (64.49) 138/224 (61.61) 0.3379
7-12 69/214 (32.24) 72/224 (32.14)
13-16 7/214 (3.27) 14/224 (6.25)
Gender 0.6958
Male 136 (63.55) 137 (61.16)
Female 78 (36.45) 87 (38.84)
Gestational period (wk) 39.1£2.0 39.24+2.0 0.3005"
Brith weight (kg) 3.3x0.5 3.3+£0.5 0.5000°
Lactation Type 0.8310
Breast milk 62/195 (31.79) 55/164 (33.54)
Artificial milk 109/195 (55.90) 92/164 (56.10)
Allergic diseases
Food allergy 29 (13.55) 20 (8.93) 1.60 (0.85-3.01) 0.1421
Atopic dermatitis 97 (45.33) 70 (31.25) 1.82 (1.23-2.70) 0.0026
Allergic rhinitis 94 (43.93) 45 (20.09) 3.08 (1.99-4.77) <0.0001
Familial allergic diseases
Bronchial asthma 69 (32.24) 32 (14.29) 2.83 (1.83-4.38) <0.0001
Allergic rhinitis 99 (46.26) 60 (26.79) 2.42 (1.66-3.52) <0.0001
Atopic dermatitis 61 (28.50) 33 (14.73) 2.30 (1.48-3.59) <0.0001

Values are presented as number (%) or meantstandard deviation.
Calculated by chi-square test.

CI, confidence Interval.

"Calculated by Student's ¢-test.
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SAh 4% o9 LS Kol A9 571X LuiA g
GCAACA (31.5%), ACGCGG (25.7%), ACGCGA (16.1
%), ACGCCA (10.5%), GGGCGG (9.8%) ©]S1T}. (Table
5) U] e BE 1% vjukoz wi$- wiwst A9l
o}, Bl gz ite] f-2)ek 2lolg Kol dujA e
ATk (Table 5)

4) htSNP

4% o] MEE yepbd 5714 dujAge] diste
htSNPE o]&3}o] 43t Az}, 4712 9] htSNP (2RA], 3
A7, 5HA, 6HA SNP) 2% 5714 @ <) 90%S A
gtk 5= 9130 6702] SNPE B E3A RS w LujAs
9] 96%%F AW F Uitk

5) UM TEut MA =

htSNPE ADRB2 LuljA|s o] 5+ qe
WA5I9E ] F WA SNPE Egsls dujAg e A%
A2 Wy 98 1.66 (95% confidence interval [CI],
1.08-2.55) 0 & Z7ke1ith. ADRB29) 2, 44| SNPS 3
ek A WA 93] 1.71 (95% CI, 1.03-
2.64)°1913L ADRB22] 2, 4, 5W17) SNP& Zatah= Auj

SRR L

AL HFA g 3o 1.72 (95% CI, 1.11-2.68)°]%]
t}.(Table 6)

I_
1]

B e el 2olollA ADRBZ f73A12] .2 SNP
dulAle] e W) dyto] YIS 2AKSIALA 4%
o]de] RIEE Relvta 4R ADRBZ 3219] 6712
SNPE dldom fdds 2Astglon 1 A Q27ER]
DNA 1342 bp9lA19] gln27-glu=.9] obu| At Wiy} g}
~U)ETE bl A frelgt 2ozt 9I9lat(P=0.06)
o] SNP& Zghsh= dullAEge] 748 E4aiel e w et
-tz ghel]l folet AjolE 1 4= QI (OR, 1.66;
95% CI, 1.08-2.55) ©]&= ADRBZ +%#} thg do] 2o}
A27 Aol lom, FHx1e] 7158 szt ol
dujAlE 2] BAo] /2 Q] SNPRU} F 28-S AXFi)

ADRBZ F721e] t]34Q1 v 97] thdA o2+ arg
16-gly, gln27-glu, val34-met 9! thr164-ile 5°] <214
o o] F 16W, 27 F-xF thg/d o] Mmst 7H =

Table 3. Characteristics of Living Environment of Subjects

Asthma group

Control group

0Odd ratio

Variable (n=214) (n=224) (95% CI) Prvalue

Housing type 1.2161 (0.78-1.90) 0.3919"
Apartment, town house 159 (77.18) 153 (73.56)
House 47 (22.82) 55 (26.44)

Heating type 0.7550 (0.41-1.40) 0.3724"
Central heating 20 (11.36) 27 (14.52)
Individual heating 156 (88.64) 159 (85.48)

Heating fuel 0.9797 (0.50-1.90) 0.9517
Gas 165 (89.19) 160 (89.39)
Etc. 20 (10.8D) 19 (10.61)

Cooking fuel 1.95 (0.48-7.90) 0.1743"
Gas 188 (98.43) 193 (96.98)
Etc. 3 (1.57) 6 (3.02)

Smoking during pregnancy 2.1471 (0.72-6.39) 0.1603°
Yes 10 (4.67) 5 (2.23)
No 204 (95.33) 219 (97.77)

Current smoking of mother 3.2148 (0.79-13.11) 0.0655"
Yes 7 (13.46) 3 (4.62)
No 45 (86.54) 62 (95.38)

Smoking among family members 1.2862 (0.88-1.88) 0.1916
Yes 126 (58.88) 118 (52.68)
No 88 (41.12) 106 (47.32)

Values are presented as number (%).
CI, confidence Interval.

“Calculated by chi-square test. TCalculated by Fisher's exacttest.
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Fig. 1. Pairwise linkage disequilibrium between
single nucleotide polymorphism markers of the 3
2-adrenoceptor gene.

Table 4. The Distribution of B2-Adrenoceptor Genotypes

XN ety Genotype (n=438)  AStIma goup  CORTOL GO oR (950 C)  Prvalue

1.1 1,309/265  AA, 132 (30.1) 62 (28.7) 70 (31.5) 1 0.86
AG, 206 (47.0) 104 (48.1) 102 (46.0) 1.15 (0.74-1.78)
GG, 97 (22.2) 48 (22.2) 49 (22.1) 1.11 (0.65-1.87)
Unable to analyze, 3 (0.7) 2 (1.0 1 (0.4)

1,342/298  CC, 346 (79.0) 163 (75.4) 183 (82.4) 1 0.06

CG, 78 (17.8) 44 (20.4) 34 (15.3) 1.45 (0.89-2.38)
GG, 8 (1.8) 7 3.2) 1 (0.5 7.86 (0.96-64.56)
Unable to analyze, 6 (1.6) 2 (1.0) 4 (1.8

1.2 1,515/471 AA, 48 (11.0) 21 (9.7) 27 (12.2) 1 0.64
GA, 189 (43.1) 95 (44.0) 94 (42.3) 1.30 (0.69-2.46)
GG, 192 (43.8) 97 (44.9) 95 (42.8) 1.31 (0.69-2.48)
Unable to analyze, 9 (2.1) 3 (1.4 6 (2.7)

1.4 1,786/742  AA, 54 (12.3) 20 (9.3) 34 (15.3) 1 0.18
CA, 176 (40.2) 94 (43.5) 82 (36.9) 1.95 (1.04-3.65)
CC, 191 (43.6) 95 (44.0) 96 (43.3) 1.68 (0.90-3.13)
Unable to analyze, 17 (3.9) 7 (3.2) 10 (4.5)

1.7 2,316/1,272 CC, 93 (21.2) 46 (21.3) 47 (21.2) 1 0.72
CG, 207 (47.3) 97 (44.9) 110 (49.5) 0.90 (0.55-1.47)
GG, 133 (30.4) 70 (32.4) 63 (28.4) 1.14 (0.67-1.93)
Unable to analyze, 5 (1.1) 3 (1.4) 2 (0.9

1.8 2,5602/1,458 AA, 165 (37.7) 79 (36.6) 86 (38.7) 1 0.50
GA, 203 (46.3) 103 (47.7) 100 (45.0) 1.12 (0.74-1.69)
GG, 57 (13.0) 30 (13.9) 27 (12.2) 1.21 (0.66-2.21)
Unable to analyze, 13 (3.0) 4 (1.8) 9 4.1)

Values are presented as number (%).
OR, odds ratio; CI, confidence interval.
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Table 5. The Frequencies of B2-Adrenoceptor Haplotypes

Haplotype Asthma group Control group Total P-value
GCAACA 128 (29.6) 148 (33.3) 276 (31.5) 041
ACGCGG 106 (24.5) 119 (26.8) 225 (25.7)

ACGCGA 66 (15.3) 75 (16.9) 141 (16.1)

ACGCCA 48 (11.1) 44 (9.9) 92 (10.5)

GGGCGG 51 (11.8) 35 (7.9 86 (9.8)

GCAACG 4 (0.9 4 (0.9 8 (0.9

GCGCGA 5 (1.2) 1 (0.2) 6 (0.7)

Values are presented as frequency (%).

Table 6. Frequencies of B2-Adrenoceptor Haplotypes and Asthma Risk from htSNPs Analysis

Haplotype Asthma group  Control group OR (95% CD P-value”
Inclusion of the 2nd SNP 58 (13.4) 38 (8.6) 1.66 (1.08-2.55) 0.0228
Inclusion of the 3rd SNP 290 (67.1) 285 (64.2) 1.14 (0.86-1.51) 0.3853
Inclusion of the 4th SNP 292 (67.6) 283 (63.7) 1.19 (0.90-1.57) 0.2128
Inclusion of the 5th SNP 239 (55.3) 237 (53.4) 1.08 (0.83-1.41) 0.5890
Inclusion of the 6th SNP 170 (39.4) 166 (37.4) 1.09 (0.83-1.43) 0.5500
Inclusion of the 2nd and 4th SNP 58 (13.4) 37 (8.3) 1.71 (1.03-2.64) 0.0146
Inclusion of the 2nd, 4th, 5th SNP 57 (13.1) 36 (8.1) 1.72 (1.11-2.68) 0.0157
Inclusion of all 2nd, 3rd, 5th, 6th SNPs 55 (12.7) 36 (8.1) 1.65 (1.06-2.58) 0.0258
Analysis of a single haplotype with the highest 51 (11.8) 35 (7.9) 1.56 (1.00-2.46) 0.0519

frequency (#14) among the haplotypes that
include the 2nd, 4th, 5th SNP

Values are presented as frequency (%).

OR, odds ratio; CI, confidence interval; htSNPs, haplotype-tagging SNP; SNP, single nucleotide polymorphism.

“Likelihood ratio chi-square test.

oF M2 mdF] 5 BAX g TR Y=
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=] Ut AolE tPF oz 3§93 ATollA gln27
allele2 2 YA EE 2188 /AR, 94 glu2?
allele®] Aol 0.4620 % AR AT7A37) 9%
ok ol & Ae] B glu279] AS- HA vy Y
o] S7¥et= AEE HL Z(OR, 7.86; 95% CI, 0.96-

64.56) 7} olattt. T79] A= 27
ol A AT FaAsct”

o] ADRBZ 307} v d st 2xof 214 3tke] A+ A
e 1w 16W 3 2798 A o] F-307F vEAde] A
Aol AReH' Hg o
g Aol X 16/, 279 Z442be] f307 vhadide] 715 3
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4 o

—{N

4w ) S

gly16-gn27 AujA1E-2 ozt 71332 2 Aol QI
thY e Zoh A S gFo R § B Ao
ADRB2 %A79) 67-6] SNPE X3l 4% o]4e] W%
£ Hol= UulAlY 5714 F glu27 SNPE Z&5H= du

AP A7 AFo] AT}

ADRB2 v}&/d 3} ok W3] At el #st A3A
Ao M= ADRB2 gly16 allele argl6ell Hl3] &84
%7 484 72 (agonist-promoted downregulation) £}
Ao YATE* EEE argl6-glu270] Fo] EFH & F4]

QA% gln27¢] vlah T8 FHash Awdol IStk Aot
2 Aol tigt ATelMe FBA argl6eld F34
glyl6°l #J3ll albuterolel diall &A=& qh&e] o
o2 webd B8 gly16 HA3 9] A9 719 2t
O RE ARVF TR @il A EO|E X RIF FTHE S

2 F oty Aslglth & vE FE3) 9 Al (ran-
domized clinical trial) 4= E38A argl6 439 A
2] A= albuterols 713 ARSBR= A% 2318 559

- 360 —



MAdo] Astels AL eyl o™ mebr o] 5L 53
J argl6 1399 A}l Al= albuterol 8] AH-E T3}
= 7o) vt 42& U3tk 1 9 ADRB29 16
W 9] 54 {413
ZARSIS W A
ks AT A3t Yok

Argl6-gly, gIn27-glu®] + 74| t}34d& LD7}F &2
Aoz AR QYA HIEE QFnit} 2jo)7} Qirk. 2 <1
TAME F 7d SNP2 FAIH 2 #2938 LD7} S-S
18 4= Atk (Fig. 1). 9] A ellA] glyl6-gln27
AulA ) RIE7L 2 e Tl 7% Fl jHgo] X
SuE Pl foe e A7 By

o]g} o] 7} A-9] Anpso] AXEIA| 7] wlitof o}
FAAL TFEAd T 229 Aol Hste] FA
= wAlelt) oedk AR ok g
AT A A9, QF7E] Zpo] o]l % A g A
A

2 gAe] o] wig- vheksta A1 Fle] xte] W o
%

& 253 19A PAZ TR
| 2] ofa) 9 ApgatE Ago] 9]

1> OBL

gO

°
22
e
e
0T
o FL]‘:% %
e
0%‘1 o
oo
13
o
T s i
e B2
AR
2 @ o 2
sk

¥ O gt oo o

|
i)
o
i)
&
rlr
5
32
dlo
o
A
ro
ok
38
v
i)
z
B
M
lo
g
[

fe N 0 AdolnE B AR T
SNP3} i AHS WS el B A7} 2
Ao nele. oe] f4149] 4% Ago] dolp]

w7k gk whAle]) e 1A 5 9l

ém&
TS

©Q Mo to

!

o L9

o % o &
4 o o

T oo

1 yo it 2L

b o

ol

2UNED

SZ =2 o

1o &

%

O

2

S

L

ofd

oX,

_g

o

2 2.

) 2

o
o
_O|L
N
o3
2,
rlo
2

o

1
B
e
1>
1o
l:k(
BL’
L Oln
e G
o
ol
ﬁ
lo
o
mo
i
B
pac

1o off o
r
2
-
2
R
rlr
N
e of
9>,
ol
ol
X
b
pJ
o g
o r
N
N
n
o,
[
)

v ol
olN
k1
N

& 58 Aol A2 32—Adrenoceptor

FAA TF —

gont olel thalol: o W thAE mAlste] 3714
Q1 #40] e strha Y2k, 183 ADRBZ f414e)
9 g2l EHHP whgo] 413 uel Aol s 1

% 7449 7t A

I &
G o Agafo] dlehes 5 4 QQ@]D}.
TRl Axotoll B2 o=l 84 %

7] v}84d (single nucleotide polymorphism, SNP) %
AujAIF o] gt Ao M2} A@A o] YEAE Lok
2l 33k

Hf B 5-15419] 2] Ao ]’e—% LZ]:rL_E 24 }Oﬂ
257] 9 gel=] A8l ¢
ESA D@é}"ﬂt} E%éh el tﬂra} 5 mLE xH@i
3t DNAS S W=7 4% O]MOE % 6 T
o) i ae wase, o
1309A>G, 1342C>G, 1516G>A, 1786C>A, 2316G>C,
2502G>AA Y.

Zu}: A= & 43890 SRS 2141, iR
T2 2247013t} 6714 SNPol| w2 minor 34 (ho-
mozygote) WX 212} 22%, 1.8%, 11%, 12.3%, 21.2
%, 13.0%3 ). ARtz Tkl 7 SNP2] RIE 2=
SAH O Z FskA] ek e 2HA SNPRI 1342C>
G SAUlET 0 AN §15 )2 ulthP=
0.06). eI 2] ARl 3= vz 1l 72
g Zol7t BHHAAE Tk AP E ol 54
SNPOI 23hE 23S BAE9S uf, 24 SNPS 23

T Aot 2ol BAIACE o] AfolE KAl
1'/]'(odds ratio, 1.7; 95% confidence interval, 1.1-2.6).
2 SNPo| 3w A] ok 32 - o Zhell 813k 2b
ol& YERAA FkTh

4 B: ADRB2 31412l 1342C>G SNPE X33

F{F

- 361 —



—Jong Hun Kwak, et al.:Korean Children with Asthma and ADRBZ Gene Polymorphism—

QAN & o} 43} gk Slgith. o)t ADRBZ £
A7 o) Aot A4 9] 454wt Qdwlo] glom, SNP
wrhe QAR #4o] Wit FFe A,

10. Shirakawa I, Deichmann KA, Izuhara I, Mao I,
Adra CN, Hopkin JM. Atopy and asthma: genetic
variants of IL-4 and IL-13 signalling. Immunol

Hnes

. Daly MJ, Rioux JD, Schaffner SF, Hudson TJ,
Lander ES. High-resolution haplotype structure
in the human genome. Nat Genet 2001,;29:229-
32.

. Johnson GC, Esposito L, Barratt BJ, Smith AN,
Heward J, Di Genova G, et al. Haplotype tagging
for the identification of common disease genes.
Nat Genet 2001;29:233-7.

. Nothnagel M, Rohde K. The effect of single-
nucleotide polymorphism marker selection on
patterns of haplotype blocks and haplotype fre-
quency estimates. Am J Hum Genet 2005;77:
988-98.

. Haag M, Leusink-Muis T, Le Bouquin R, Nijkamp
FP, Lugnier A, Frossard N, et al. Increased ex-
pression and decreased activity of cytochrome
P450 1A1 in a murine model of toluene diiso-
cyanate-induced asthma. Arch Toxicol 2002;76:
621-7.

. Wancket LM, Frazier WJ, Liu Y. Mitogen-acti-
vated protein kinase phosphatase (MKP)-1 in
immunology, physiology, and disease. Life Sci
2012;90:237-48.

. Chung KF. p38 mitogen-activated protein kinase
pathways in asthma and COPD. Chest 2011;139:
1470-9.

. Su MW, Tung KY, Liang PH, Tsai CH, Kuo NW,
Lee YL. Gene-gene and gene-environmental in-
teractions of childhood asthma: a multifactor
dimension reduction approach. PLoS One 2012;
7:¢30694.

. Blumenthal MN. Role of B2-adrenoceptor, M3
cholinoreceptor genes, and corticosteroids in
asthma and chronic obstructive pulmonary dis-
ease. Ann Allergy Asthma Immunol 2012;108:
7-8.

. Panek M, Pietras T, Antczak A, Gorski P, Kuna
P, Szemraj J. The role of functional single nu-
cleotide polymorphisms of the human glucocorti-
coid receptor gene NR3C1 in Polish patients
with bronchial asthma. Mol Biol Rep 2012;39:
4749-57.

11.

12.

13.

14.

15.

16.

17.

18.

19.

- 362 —

Today 2000;21:60-4.

Kobilka BK, Dixon RA, Frielle T, Dohlman HG,
Bolanowski MA, Sigal IS, et al. cDNA for the
human beta 2-adrenergic receptor: a protein
with multiple membrane-spanning domains and
encoded by a gene whose chromosomal location
is shared with that of the receptor for platelet-
derived growth factor. Proc Natl Acad Sci U S
A 1987;84:46-50.

Kobilka BK, Frielle T, Collins S, Yang-Feng T,
Kobilka TS, Francke U, et al. An intronless gene
encoding a potential member of the family of
receptors coupled to guanine nucleotide regula-
tory proteins. Nature 1987;329:75-9.

Kim SH, Oh SY, Oh HB, Son SW, Chang YS, Kim
YK, et al. Association between betaZ-adreno-
ceptor polymorphism and asthma phenotypes
in the general population. J Asthma Allergy Clin
Immunol 2001;21:1152-60.

Hong SJ, Kim BS, Kim JH, Oh HB, Lee MS, Choi
SO, et al. BetaZ-adrenoceptor Polymorphisms
between Asthmatic and Normal Children in
Korea. Pediatr Allergy Respir Dis(Korea) 2002;
12:253-62.

Hopes E, McDougall C, Christie G, Dewar J,
Wheatley A, Hall IP, et al. Association of gluta-
mine 27 polymorphism of beta 2 adrenoceptor
with reported childhood asthma: population based
study. BMJ 1998;316:664.

Hopp RJ, Townley RG, Biven RE, Bewtra AK,
Nair NM. The presence of airway reactivity be-
fore the development of asthma. Am Rev Respir
Dis 1990;141:2-8.

Global Initiative for Asthma. 2002 Original:
Workshop Report, Global Strategy for Asthma
Management and Prevention [Internet]. [place
unknown]: The Global Initiative For Asthma;
[copyright year unknown] [cited 2006 Aug 10].
Available from: http://www.ginasthma.org/guide
lines-archived-2002-original-workshop-report.
html.

Stephens M, Smith NJ, Donnelly P. A new sta-
tistical method for haplotype reconstruction from
population data. Am J Hum Genet 2001;68:978-
89.

Reihsaus E, Innis M, MacIntyre N, Liggett SB.



20.

21.

22.

23.

|t

=
=5

ot
[

Mutations in the gene encoding for the beta 2-
adrenergic receptor in normal and asthmatic
subjects. Am J Respir Cell Mol Biol 1993;8:334-
9.

Holloway JW, Dunbar PR, Riley GA, Sawyer GM,
Fitzharris PF, Pearce N, et al. Association of
betaZ-adrenergic receptor polymorphisms with
severe asthma. Clin Exp Allergy 2000;30:1097-
103.

Turki J, Pak J, Green SA, Martin RJ, Liggett SB.
Genetic polymorphisms of the beta 2-adrenergic
receptor in nocturnal and nonnocturnal asthma.
Evidence that Gly16 correlates with the nocturnal
phenotype. J Clin Invest 1995;95:1635-41.
Summerhill E, Leavitt SA, Gidley H, Parry R,
Solway J, Ober C. beta(2)-adrenergic receptor
Argl6/Argl6 genotype is associated with re-
duced lung function, but not with asthma, in the
Hutterites. Am J Respir Crit Care Med 2000;162
(2 Pt 1):599-602.

Green SA, Turki J, Bejarano P, Hall IP, Liggett
SB. Influence of beta 2-adrenergic receptor ge-
notypes on signal transduction in human airway

- 363 —

24.

25.

26.

27.

o ¥ Zob A4} B2-Adrenoceptor I} A —

smooth muscle cells. Am J Respir Cell Mol Biol
1995;13:25-33.

Martinez FD, Graves PE, Baldini M, Solomon S,
Erickson R. Association between genetic poly-
morphisms of the betaZ2-adrenoceptor and res-
ponse to albuterol in children with and without
a history of wheezing. J Clin Invest 1997;100:
3184-8.

Israel E, Chinchilli VM, Ford JG, Boushey HA,
Cherniack R, Craig TJ, et al. Use of regularly
scheduled albuterol treatment in asthma: geno-
type-stratified, randomised, placebo-controlled
cross-over trial. Lancet 2004;364:1505-12.
Taylor DR, Drazen JM, Herbison GP, Yandava
CN, Hancox RJ, Town GI. Asthma exacerbations
during long term beta agonist use: influence of
beta (2) adrenoceptor polymorphism. Thorax
2000;55:762-7.

Kang H, Koh YY. Analysis of the association
between bronchial hyperresponsiveness and
genetic polymorphism of betaZ-adrenoceptor in
adolescents with long-term asthma remission.
Korean J Pediatr 2007;50:556-64.



