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Analysis of the association between bronchial hyperresponsiveness
and genetic polymorphism of S2-adrenoceptor in adolescents
with long—-term asthma remission

Hee Kang, M.D. and Young Yull Koh, M.D.

Department of Pediatrics, College of Medicine, Seoul National University, Seoul, Korea

Purpose : We hypothesized that the persisting bronchial hyperresponsiveness (BHR) of adolescents
with asthma remission may be controlled mainly by genetic factors, and the BHR of symptomatic
asthma by airway inflammation. A s—-adrenoceptor gene is considered to be a candidate gene in the
development of BHR. Thus, As-adrenoceptor gene polymorphism may be associated with the BHR of
adolescents with asthma remission, but not with the BHR of symptomatic asthma. To evaluate this
hypothesis, B 2-adrenoceptor gene polymorphism at 2 sites (Argl6-Gly, GIn27-Glu) were examined.
Methods : Two hundred two adolescents with BHR (PCx<18 mg/mL) and long term remission (nei-
ther asthma-related symptoms nor medication during the previous 2 years) of their asthma (remission
group), 182 adolescents with symptomatic asthma (symptomatic group), and 200 healthy adolescents
(control group) were studied. Asthma phenotypes were determined using methacholine bronchial
provocation test and skin prick test. Genotypes of A s-adrenoceptor polymorphism were evaluated by
PCR-based methods.

Results : Gly/Gly allele and Gly16-GIn27 haplotype were more prevalent in the remission group than in
the control group (P=0.01, P=0.02), although there was no difference between the symptomatic group
and the control group. In the remission group, there was significant difference in geometric mean of
PCy among the 3 groups subdivided by the number of Glyl6-GIn27 haplotype, showing that the
Gly16-GIn27 haplotype was positively associated with BHR. However, no association was found
between Gly16-GIn27 haplotype and BHR in the symptomatic group.

Conclusion : This study demonstrates that A s—adrenoceptor polymorphism at amino acid 16 and 27
was associated with BHR persisting in adolescents with asthma remission. (Korean J Pediatr
2007;50:556-564)

Key Words : Asthma, Bronchial hyperresponsiveness, £ 2-adrenoceptor, Polymorphism, Clinical re-
mission, Adolescent

7% 5 wkEE Holzd, ol2ldk 7|#A] I (bronchial

M = hyperresponsiveness, BHR)<> 2]¢] 53491 Hejag] ot}
Ao A= A A Ay FA% ¢S At &

A A= v5olH Ao ulste] el s ARl A QAT FHAA A= FEA 288t
=

DV A2 299 7+ 839 BHR
Z]

x4 o] ArEelA 1

Avard sl dd i s ol Aol ZRHAAN, A v A4 fdse Tu 444

AR A, A LM S o (candidate gene)E F, FalAe] A} 715 ned@ W B,

CorrcspondcncciYoung Yull Koh, M.D. olrgddl 48 $xx7F BHRZ}S A3AdES AWst 4 9l
Tel: 02)2072-3631 Fax : 02)747-5130 L 209 TH SAAE A A 9}1\‘—/}1,3).

E-mail : kohyy @plaza.snu.ac.kr

- 556 -
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single nucleotide polymorphism(SNP)¢] Ex43lH thF4 21 t}
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Aot BHRO] A&s s k(A Ao 5
Hol= xH(EFT AAME ez shsich A9 1ae vt
A713, EEguY, AW S 5AA 49 A AL 7]
T A BES VFeR s B3 #els Hojw AT
29 ol T =d, AW T HAd g S sl A

frt
o
lo
ol
ol

SR AFR ala, Ass Fa 7uA A FolshA
u 713A At 948 sHlRe=E WY Fosta dle
<ol

Al@ste] FEV o] 4 4427 700 oo, wetZd 7|
HA FRHAA FEVY 20% Has fdshs WeEd §
=(PCy)7F 18 mg/mL ©l8}™ ZA$-whe Melgigint o5
A 5, A welatn A HAT Tl AT AW A 65
Well A71=w 371k vholg 2 el e A AQsiie
o T2 Aol o] Y AS$ LI AsAtt o5
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AR E L &G
Germany)?l AR =7]
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# &9h(cockroach) 1F F 12502 A3, FAHANZY
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Bo-ob=elgd 84 4174 ¥ BHR
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H 7]’ ZARS microspirometer(Microspiro HI-298, Chest,
Japan)® A ZF AlFlA 33] AldE FEV, 9 HUX&
Abgatgin) WErEd 71 9A fRAbE Chai 5006 o8 7
=g WS wyst] At s vlestd vEEYS
5 Aol mo 2 FE(0.075, 0.15, 0.3, 0.625, 1.25, 2.5,
5 10, 25 mg/mL)Z 3|43, 06x &< dEEs =HH
solenoid X7} FZ¥l Rosenthal-French dosimeters &3l
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1) Genomic DNA F&

Genomic DNA+¥ @z dHA Wizard Genomic DNA
Purification Kit(Promega Corp., Madison, WI, USA)S A}&
sto] FEech 1 HFE Tiwstd the 2Tk 900 ple]
cell lysis solution®] E°1%E 15 mL FEol A& 300 uL=
B, AE77E AAES F2lA 1023 5-63] AAFAUY &
2, 13,000 rpmelA 183 AR AEde HH &
vortex mixer®2 W] pellete] HAZX FEdol thr] HEA
Ztk 3719 300 pLel nuclei lysis solutione 718}l pipet2-
2 5-63] £Fste] W7 AAEE o, 100 uLe] pro-
tein precipitation solutiond 7}shal 20%3F 7}0}74] vortex 2.

24, FfEol e duldo] el AAHEE Stk 4
2, 13,000 rpmollA 3&7F AR ste] T %‘de—% A A3k
3, AEdL 300 L9 isopropanole e AEE 15 mL
FH &A EUTE DNAZIEC] BY w7px] HdoE 5 42,
13,000 rpmelA 183 dAdEdstn FFH2 HRT 70%

ethanols 300 uL 713t DNA pelletS A% 3}ar Aol’g 13,000
pmel A 187 AAResia AEde wy LA 158

AL AZA AT 50*100 uL2] DNA rehydration solutions 7}
3}al, DNAZF $83] 58 4 UES 4TolA 193 @ &
e Ao ﬁ“ﬂ% w72 -20CellA K3

2) B.-Ol=d|LEl =2X RAA} OHE 24
#A Kim %3’01 wBag PR SAsA AAEGT) 169
279 obulndt R9E EFHD Y fr-obmddd FA

.
T puny

FrAAH- 9 = —?%LE&_ A 98" (polymerase chain reaction:
PCR)S.E F%3 T 16M Fd3 9 =AWl allele specific
PCR a-——i, 27H FHE e E<dWolE PCR-restriction frag-
ment length polymorphism(RFLP)H o2 77 #4151t 16
Ay 279 ofu|x=Abe] f§A8 #F Al ol H F A heterozygo-
te)7} #FE = Agole allele-specific PCRY ZA¥E<) Ital
Algta 4 (Roche Molecular Biochemicals, Mannheim, Ger-
many)= A3FA7]E RFLPHO R 139 th(Fig. 1). PCR ®F
S A}E3 ZE primer(Table 1)E Oligo Primer Analysis
Software(Molecular Biology Insights, Inc., MN, USA)Z Tt
21T

2o

o g

S A RE 16 27 olmiAtel ohy R9E %3
star Y& 219 bp Be-ot=dld® A9 fAARLE
specific primer(BAR-SS1/BAR-SS2)E ©]&3le] PCRYUH LS

2 WA FH3AT PCRE F&3% DNA 5 ul9k 27 10 p
9] primer, 25 mM dNTP &% 4 ulL, MgCl7t £°13l

rlr =

Fig. 1. Allele-specific PCR and Ital PCR-restriction fragment
length polymorphism for the determination of [ 3-adrenoceptor
alleles and haplotypes at amino acid 16 and 27. A) lanes 1 and 2:
Argl6Arg; lanes 3 and 4: Glyl6Gly; lanes 5 and 6: Argl6Gly. B)
lane 1: GIn27GIn; lane 2! Glu27Glu; lane 3: GIn27Glu. C) lane 1:
Argl6/GIn27; lane 2: Gly16/Glu27.

Table 1. Primers used in This Study

Primer

name Sequence

BAR-SS1  5-AGC CAG TGC GCT TAC CTG CCA GAC
T-3'

BAR-SS2 5-GCT CGA ACT TGG CAA TGG CTG
TGA-3’

BAR16-1A 5-CTT CTT GCT GGC ACC CTA TA-3'

BAR16-2A 5-CTT CTT GCT GGC ACC CTA TG-3’

BAR16-R2 5'-GGC AAT GGC TGT GAT GAC C-3'

BAR27-S1 5-GCC ATG CGC CGG ACC ACG AC-3

BAR27-S2 5'-CGC TCG AAC TTG GCA ATG GCT GTG

A-3'
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10xbuffer 5 pL, Taq polymerase 2.5 unit(Boehringer Man-
nheim, GmbH, Mannheim, Germany), =#F5E EF3391,
GeneAmp 2400 thermal cycler(Perkin Elmer, CT, USA)°l
FEE Y93 95T 2% 2% %7| denaturationdt1iL 95C 40%,
60C 40%, 72C 402 % 353] W-8-A17l ¥ npA extension
72CoNA 5&3F AldsFATh 219 bp 2719 PCR AHE2 ethi-
dium bromide”} E38r=E o] A= 2% agarose gelolA 2144
=8

16W olm=ste] WslE do7|= 468 9719 FAHS 3
7Fsk7] $1skel v Zo] allele-specific PCRS Al 338} tt.
PCR¥WFS2 1:1,000 =& 1:10,0002.2 3|4 %E primary PCRAH
E 5 uLe F¥oZ AE33ith. BARI6-1A(upstream for
Argl6) = BAR16-2A(upstream for Glyl6)9] allele-speci-
fic primer?} BAR16-R2(downstream)E ©]& °P°iJ~
cyclex 95C 30%, 62T 50%, 72T 30x% 303
151 bp Z71¢] PCR A& ethidium bromide”} i@% 2%
agarose gelollAl Eletth(Fig. 1A).

2

27l opwlidtel wWigtE dovl= 7o dv]el FAEE
PCR-RFLPHo 2 #A3¥N oW PCRHHSS 111,000 =& 1

10,0002 S]A¥ primary PCRAME 5 uL& FP o2 AHE-3)
At} BAR27-S1(upstream) @ BAR27-S2(downstream)<] pri-
merE ©]&3t4 95T 30%, 65°C 30%, 72T 30%E 303 A3
3ttt 2% agarose gelol4] 139 bp Z71¢] PCR AHe=S &<l
ala, o] PCR AHE 12 pLell Ital AIgH&EA 1.5 unit, 10x
buffer 2 yL 2 THTE F7let F 20 uL= g 3, 24 )
F3le] 2% agarose gelolA] AE-FFE FA3AcHFig. 1B).
471 #AeA 16W 3 27H opn|ite] FHE AFA o F

A7t #AFZEE F$ols allele-specific PCRE A&
Ital A3EALE Hrlste] 16W3 279 dwiAg S AAsATh
(Fig. 1C)

AT T 2089 MES FAAR FESY AR 97IA
48 AAsta, Ar)el drtet e 4683 799 dr1F9e ot
P& skt

5. 8 4

¥ 4 2L chi square approximation WHOZ

@
errore 0.05, B error 022 3} o8 wAd A9 T4

g3l
N={Z oy 2P(1-P)+Z 3y [P1(1-P)) +Po(1-P)1}*/d’
Pi=dyt divde] 7 Q=
P Adlgel Zld) wE
P=(P,+Py)/2, d=dlH = 2e]=0.15
7189 AqtelAl At dide] 7idl
o} Ygoz @ AT AR, o
i, ddEE AolE D'Amato 509 AT AHE AR 3§19
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E7 A7l SPSS(version 11.0)& o]&3sqom Al ++ A}

olo] x| H]uo|E analysis of variance(ANOVA) HE o]

L33, 7 o Alolel HitA| H|alol|= unpaired t-testE ©l
439k HA #eEle, 945 id*—lirﬁ Aol Ao 16W, 279
ofr|iAte] Bo-ot=ddd 8 fAx dES AR, °l
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S A2 Bl dF AT el & IgE,

f7, 714 FEV; 7ldixe] wZ&& zpol= #aHXA

T 7 At tele F IgE9F olEy %, 714 FEV, 7lr41
& ztol7h #AHATE 2 ALY PCy w2 AF

A2re] R on] A E=dth(Table 2).

2. Bo-

A4 B 8F AAE, AR BRFAA pol=wdd
SA FHA @ o 169 oW At 279 oW weAke] o Hr
xjx}, A Y S 2489 Argl6Arg/GIn27Gln, Argl6Gly/
GIn27Gln, Argl6Gly/GIn27Glu, Gly16Gly/GIn27Gln, Gly16Gly/
GIn27Glu, Gly16Gly/Glu27Glu A4 Bl A
22.3%, 485%, 5.0%, 17.8%, 5.0%, 15%, &% Aol 236%,
51.1%, 7.1%, 12.6%, 4.4%, 1.1%, /gl A 27.0%, 46.5%, 11.0%,
11.9%, 2.5%, 1.0%=4 Argl6Gly/GIn27GIn, Argl6Arg/GIn27Gln,
Glyl16Gly/GIn27Gln,  Argl6Gly/GIn27Glu,  Gly16Gly/GIn27Glu,
Gly16Gly/Glu27Glu 2.2 vebytl
Glyl6 dEAAe s 14 Asd dAZ AT, AT
oA 74zt 51.0%, 47.3%, 43.7% = sk Zdke] BRE AT
(P=0.04, linear by linear association). Glu27 WHFAAFe] 1
TE HA #Ee a5 HAdw, Al 47 6.4%, 6.9%,

Of=dgel +3A FMA CiE HIT

EIR=R
==

2}2}

TI7%Z2A Al a7kl frelgh Aol AL HolA gkttt
(Table 3). 16¥W olvx2tkel Arg 534 EAHhomozygote),
Arg/Gly °18H &7} Gly 594 %Ae] NixE 247 J2 w4

oA 22.3%, 53.5%, 24.2%, VS H2lTolA 23.6%, 58.3%,
18.1%, A7dwolA 27.0%, 585%, 14.5%ZA Al 1ol <]t
ZAgkdol BAEATHP=0.03, linear by linear association). Al
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Table 2. Clinical Characteristics of Subject Groups

Characteristics Remission group with BHR" Symptomatic group Control group
No. of subjects 202 182 200

Age (yr) 150*1.6 147+1.6 148+1.4
Sex (M/F) 148/54 125/57 138/62
Serum IgE IU/mL) 287.2 (82.3-1002.6)° 296.7 (79.7-1104.5)° 107.7 (31.5-369.0)
Atopy™, n (%) 166 (82.2)° 141 (775)° 106 (53.0)
FEV, (% Predicted) 946+10.1° 92.6+10.8" 98.9+12.3

PCs (mg/mL)" 3.80 (1.40-10.40)"

1.47(0.43-5.02) -

Data are presented as mean®=SD or No. unless otherwise indicated.

*PC20<18 mg/mL
Geometric mean (range of 1SD)

Atopy is defined as a positive skin test result to one or more of 12 common inhalant allergens.

Sp<o. 05, compared to control group;

FHEAL Gly FdHEA]

THHTAL Arg/Gly ©
dAGA N = N AeAdo] YERA ekoy Gly 538
Ao Mme AT A5 AT, W4 #Ase £og SUee
7ol #AZEJTHP=0.01, linear by linear association)(Table

. < B2l Gly S3HFA visted 2 o Abol
A W& zols A A AT AT AT *}010‘]/‘1

= Ael7F AARARE A Feat ) Gt ALl A= fod A
o]7} A JHP=0.01, chi-square test)(Fig. 2).
Argl6-GIn27, Glyl6-GIn27, Glyl6-Glu27 dujAla o] Hlxi=

A2 Aol A 49.0%, 44.6%, 6.4%, AZ FATANA 52.7%

40.4%, 6.9%, A7dtol A 55.7%, 36.5%, 7.8%% e} Al ?Loﬂ
A 25 Argl6-GIn27, Glyl6-GIn27, Glyl16-Glu27¢] o2 1}
EF I, Argl6-Glu2782 & dl= §lo] 1693 27939 g A}

olo A4} E-3F¥(linkage disequilibrium)©] #ZE AT Al ++37F
ol Argl6-Gln27, Glyl6-GIn27, Glyl6-Glu27 dujAlge] Hlix
AEAAS 7z BT A3 Argl6-Gln279F Glyl16-Glu27 <+l

2
Aol M= W5 3ol YehubA &skot Glyl6-Gin27 LHl

A NEE AT A% AAE 24 BT sow Frlehe
Zako] BEEATHP=0.02, linear by linear assoc1at10n)(Table

ME Zkol7h YAARE d*—! ¥ ?SH?LJJr B *}01 W*

2ol 7k BEE ATHP=0.02, chi-square test)(Fig. 3).
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UA = A oA A dE B F A A gl
49-9] PCx¥ % IgE 713} Haghs via 243t 4
Bl A, Glyl6-Glin27 IuiAIEE 7M1 A e 3% 3
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' p<o. 05, compared to symptomatic group

Table 3. Distribution of B3-Adrenoceptor Gene Frequency in
Subject Groups

G Remission  Symptomatic ~ Control
enotypes ;
and alleles group with group group value
BHR (n=202) (n=182) (n=200)
Position 16
Arg/Arg 45 (22.3%) 43 (23.6%) 54 (27.0%) NS
Arg/Gly 108 (53.5%) 106 (58.3%) 117 (585%) NS
Gly/Gly 49 (24.2%) 33 (181%) 29 (145%) 0.01
Arg allele” 198 (49.0%) 192 (52.7%) 225 (56.3%)
Gly allele” 206 (51.0%) 172 (47.3%) 175 (43.7%) 0.04
Position 27
GIn/GIn 179 (88.6%) 159 (87.4%) 171 (855%) NS
GIn/Glu 20 ( 9.9%) 21 (115%) 27 (135%) NS
Glu/Glu 3 (15%) 2 (1.1%) 2 (1.0%) NS
Gln allele” 378 (93.6%) 339 (93.1%) 369 (92.3%)
Glu allele” 26 ( 6.4%) 25 (169%) 31 (7.7%) NS

“Counts represent actual number of alleles and not subjects.
NS, Not significant

P=0.01
I 1
P=0.14
40 P=0.32
= - 1
8 30
>
(0]
= 201
101
0
Remission Group Symptomatic Control
with BHR Group Group

Fig. 2. Frequency of homozygous Gly at amino acid 16.
Increased homozygous Gly was observed in adolescents with
asthma remission and persisting BHR in comparison with the
control group.



Table 4. Haplotype Frequency of S2-Adrenoceptor Gene in
Subject Groups

Remission  Symptomatic Control p
Haplotypes group with group group value
BHR (n=202) (n=182) (n=200)

Argl16-GIn27
Gly16-GIn27
Gly16-Glu27

198 (49.0%)
180 (44.6%)
26 ( 6.4%)

192 (52.7%)
147 (40.4%)
25 ( 6.9%)

223 (55.7%) NS
146 (36.5%) 0.02
31 (78%) NS

Counts represent actual number of haplotypes and not subjects.
NS, Not significant

P=0.02
I 1

60
° P=0.24
oy f P=0.27
s
5 50
o
[}
=
~ 40
o™
£
o
© 30
>
[&}
= 20

10

0

Remission Group Symptomatic Control
with BHR Group Group

Fig. 3. Frequency of Glyl16-GIn27 haplotype. Increased Glyl6-
GIn27 haplotype was observed in adolescents with asthma
remission and persisting BHR in comparison with the control
group.

ol e Glyl6-GIn27 DuiAlge] 571 S71gkell whel PCy
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