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Genetic studies of allergic disease and their clinical implications

Seung-Hyun Kim, M.D. and Hae-Sim Park, M.D.

Department of Allergy and Rheumatology, Ajou University School of Medicine, Suwon, Korea

Allergic disease is a complex disorder in which the interaction between environmental and genetic effects may modify both the

susceptibility to and severity of the disease. Over the last few years, our understanding of the genetic basis of allergic diseases has

improved markedly, which has led to the identification of several chromosome regions and loci showing linkage to allergic disease.

As another approach, association studies between candidate gene polymorphisms and allergic diseases have been conducted in

many areas and replicated in different ethnic groups. These approaches need to be followed by validation processes to confirm their

functional relevance in the pathophysiology of allergic disease. This review updates genetic studies of and recent findings in, aller-

gic disease. (Korean J Med 76:416-424, 2009)
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Figure 1. Genetic linkage analysis and positional cloning from
Current Opinion in Immunology 2004;16:689-694.
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Table 1. Susceptibility genes for asthma and allergic disease identified using positional cloning

Gene R Name Chromo- Phenotype Function Year
some
ADAM33” A disintegrin and metalloproteinase 33~ 20p13 Bronchial Cell-cell and cell-matrix 2002
hyperresponsiveness (BHR) interactions
PHF11? Plant homeodomain finger protein 11 13ql14 Atopy and total seum IgE Transcriptional regulation 2003
DPP10” dipeptidyl-peptidase 10 2q14-32 BHR Peptidase 2003
GPRA® G-protein-coupled rf:c.e}.)tor for asthma 7p143 Asthma, Atopy Regulation of cell gr'owth and 2004
susceptibility neural mechanisms
HLA-G” major histocompatibility complex, 6p21 Asthma Immunosupression 2005
calss 1, G
CYF1P2® Fragile X mental retardation protein 5933 mite-sensitive asthma Differentiation of T cells 2005
(FMR) interacting protein 2
SPINKS5” serine peptidase inhibitor, Kazal type 5 5q32 atopic dermatitis, asthma serine protease inhibitor 2004
IRAKM'” IL1 receptor-associated kinase 12q13-24 early onset persistent asthma A mechanistic link between 2007

hyperactivation of the innate
immune system and chronic

airway inflammation
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GPRA (G-protein-coupled receptor for asthma susceptibility)
A4 EAYY BUE G A% 584 (G-protein
coupled receptor)® FHEQTY, A 6WHol| x5t
HLA-G (major histocompatibility complex, calss 1, G)”, 5¥ 0]
2JA]3F CYF1P2 (fragile X mental retardation protein interacting
protein 2)¥ ~18]31 SPINK5 (serine peptidase inhibitor, Kazal
type 5), 12Wo] $Jx]3F IRAKM (IL- 1 receptor-associated
kinase M) Sbe] gheiso] A4 = 9iek.
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Table 2. Susceptibility genes for asthma and asthma-related phenotypes

]|
Ol HE 7] 2% 1) AHA HeNkS (innate immunity)7}
7 A7), 2) Th AlEe] B3 9

Group Gene Name Chromosome Function Genetic variants
1 CD14 Monocyte differentiation antigen 5q31.1 Innate immunity — microbial recognition -1721G/A,
-260C/T
HLA-DRBI1 Human leucocyte antigen 6p21 Antigen presentation Multi-SNP alleles
HLA-DQBL1 Human leucocyte antigen 6p21 Antigen presentation Multi-SNP alleles
HLA-DPB1 Human leucocyte antigen 6p21 Antigen presentation Multi-SNP alleles
IL10 Interleukin-10 1q31-q32 Immunoregulation -1082A/G,
-571C/A
TGFBI Transforming growth factorf31 19q13.1 Immunoregulation, cell proliferation -509C/T

Cytotoxic T-Lymphocyte

T-cell-response inhibition and

CTLA4 Antigen 4 2433 immunoregulation
2 1IL13 Interleukin-13 5931 TH2 effector functions
14 Interleukin-4 5q31.1 TH2 differentiation and IgE induction
IL4AR Interleukin-4 receptor 16p12.1-p12.2  a-chain of the IL-4 and IL-13 receptors
STAT6 Transcription factor signal 12q13 IL-4 and IL-13 signalling
transducer and activator of
transcription 6
FCERIB High-affinity IgE receptor 3 11q13 High-affinity Fc receptor for IgE
(MS4A2)
IL18 Interleukin-18 11922.2-q22.3 Induction of IFNy and TNF
ACE Angiotensin-converting enzyme 17q23.3 Inactivation of inflammatory mediators
3 FLG Filaggrin 1921.3 Epithelial barrier integrity
SPINKS Serine protease inhibitor, Kazal 5q32 Epithelial serine protease inhibitor
type 5
CC16 CCchemokine 16 11q12.3-q13.1  Epithelium-derived anti-inflammatory
protein
CCLI11 CCchemokine 11, eotaxin 1 17q21.1-q21.2 Epithelium-derived eosinophil
chemoattractant
CCL5 CCchemokine 5, RANTES 17q11.2-q12 Monocyte, T-cell and eosinophil

chemoattractant

-318C/T, 49A/G

-1112C/T,
Argl130GIn

-589C/T, +33C/T

Ile50Val,
Glu551Arg

2964G/A, (GT)n
exon 1

Tle181Leu,
Gly237Glu

-656T/G, -137G/C
In/del
Arg510X, 2282del4
Glu420Lys

38A/G
Ala23Thr,

-1328G/A
-403A/G, -28C/G
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4

ADRB2 [2-adrenoceptor 5q31-q32
LTC4S Leukotriene C4 synthase 5q35
LTA Lymphotoxin-alpha 6p21.3
TNF Tumour necrosis factor 6p21.3
GSTP1 Glutathione 11q13
NOS1 Nitric oxide synthase 1 12q24.2-
q24.31
GSTM1 Glutathione 1p13.3
GSTT1 Glutathione 22q11.23
TBXA2R Thromboxane A2 receptor 19p13.3

Smooth-muscle contraction, inflammation

Bronchial smooth-muscle relaxation Argl6Gly,
GIn27Glu
Cysteinyl leukotriene biosynthesis — -444A/C
inflammation
Inflammation Ncol (intron 1)
Inflammation -308G/A, -857C/T

Environmental and oxidative stress — Ile105Val

detoxification

Nitric oxide synthesis — cell-cell 3391C/T, 5266C/T

communication

Environmental and oxidative stress — +/mnull
detoxification
Environmental and oxidative stress — A/null

detoxification
924T/C, 795T/C

Nat Rev Immunol 2008;8:169-182.

Table 3. Genetic study of asthma in a Korean population

Discase Gene Name Polymorphism Phenotype
Adult PTGER3 Prostaglandin EP3 receptor ht{CCAA] asthma
asthma MS4A2 High affinicty IgE receptor 8 E237G bronchial hyperresponsiveness (BHR)
1L27 Interleukin-27 -964A/G asthma
CD40 Costimulatory protein -580G/A, -1C/T IgE
RUNX1 Runt-related transcription factor -2084G/C, -1282G/A IgE
TGFBI Transforming growth factorf1 -509C/T AIA (rhinosinusitis)
MS4A2 High affinicty IgE receptor 8 -109T/C ATA
VEGFR2  Vascular endothelial growth factor receptor 2 ht{AGAG] atopy
CysLTRI1 Cysteinyl leukotriene receptor 1 -634C/T ATA
Child IL13 Interleukin-13 2044A/G excercised-induced asthma
asthma -
TNFA/IL13 Tumour necrosis factor alpha 3352‘/8 /i:ld BHR
RANTES CCchemokine 5 -403A/-28G BHR
CTLA-4 Cytotoxic T-Lymphocyte Antigen 4) 49G/A atopic asthma
TNFA/CD14 Monocyte differentiation antigen -308A/G and -159T/C BHR
IL13/IL13RA Interleukin-13 receptor 1 111329/;/:/ gnd IgE
LTC4S Leukotriene C4 synthase -444A/C excercised-induced asthma
T ARG B G ) JIE AUAE B GAdk 9 W AT Puod B ARAS 8ol §HAR LIS, ADRB2
71e H AW F5E WY A% 5 a9 o2 e 9f ILAR, HLADRBI 52 A|%314lth 53], ADRB2 (B
of A4 AT Aot fAA kAol hal AFHATE  2-adrenoceptor) HAAH= A4 A=A WlER FHA 48
(3£ 2). AR HAY] A, S FAFW ohet ver Ao
[e]
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Figure 2. Summary of genome-wide association results and link-
age disequilibrium structure for CTNNA3. (a) Negative logio
(p-values) for the Pearson chi-square tests of an association be-
tween CTNNA3 and toluene diisocyanate (TDI)-induced as-
thma. (b) Gene map of CTNNA3. Black blocks indicate coding
exons and white blocks indicate the 5’ and 3’ untranslated re-
gions (UTRs). (c) Linkage disequilibrium plot of CTNNA3.
Clin Exp Allergy 2009;39:203-212.
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Table 4. Pharmacogenetic study of asthma

Medication Gene Name Polymorphism Pharmacogenetic effect

B2 agonists ADRB2  [2-adrenoceptor Argl6Gly Argl6 associated with increased acute response to albuterol
Argl6 associated with reduced response to regularly sched-
uled treatment with f2-agonists

Glucocorticoids GR Glucocorticoid Asp363Ser Ser363 associated with higher sensitivity to exogenously ad-
receptor ministered glucocorticoids

CRHRI Corticotrophin-rel Haplotype tagging
casin hOl:l)‘InOI-le SNPs, rs1876828,  Diplotype GAT/GAT associated with enhanced response to
& 1s242939, and inhaled corticosteroids

receptorl 15242941
Leukotriene LTC4S  Leukotriene C4 -444A/C C allele associated with larger FEV1 improvements in re-
modifiers synthase sponse to zafirlukast

ALOXS  5-lipoxygenase Tandem repeats of Wild-type repeat number (i.e., five) associated with FEV1
Sp1-binding motifs improvements in response to a selective inhibitor of ALOXS5

-Annu. Rev. Med. 2008. 59:327-41

Table 5. Pharmacogenetic study of asthma in a Korean population

Disease Gene Polymorphism Pharmacogenetic effect Medication
Argl6 iat ith ¢ i i

Adult asthma ADRB? Arg16Gly 216 associated with good response to combined budesonide and B2 agonists
formoterol treatment

AIA CysLTRI1 -634C/T Association with requirement dose of LTRA Singulair

Child asthma TBXA2R  924T/C, 795T/C Association with response to LTRA Montelukast

T BAEAIY, G AT op] Kol F /1% 3 oA oF AR /NEOR She YA At B

w4 vkl Awky glgol Masglck Tt Sy WA 8] AT gn w3 o fAPO 1ELE Aol wp

BA1E Harow AARE At o] AR WET Wob 2 ghel WARKE Ao o oFE A

7b gt AEe o ik dRIEEAA ] et ofE o= Etekal ol A ofE Al A
o

FRAA At FRE B 2 AZHGA Al dAvE Aoz ZYPHIL JItHE 5). o] FAQl A o At
S o 2YS B WART Atk 1 ALOXS oA FR TR A AL 1R Ajelo] HHR
(5-lipoxygenase), LTC4S (leukotriene C4 synthase), CysLTR1 Z 712 Ao A 3AE SE3fo] oFE Hle-S xR o7
(cysteinyl leukotriene receptor 1) +452] #7514+ thE o] A Hlalsh= Aotk ESE 2 giite] A A=
s aElolAlo] ek oFE MFTHOl BAMO] sl B SR Al A AIReIA kB Al Aol meEn ol
T7F AP Guerra S 2008 oA A4 o ok HQlY] fHA QLS wEfste] oFE Wl o 8RS Al
AA| dgholl sl =AY At S 3F 49} o] 27lst Elohe HEorE ey FAS WAIskaL o] A mawt
ik £ @2 4 9
T oA o= A A= ADRB2 Argl6Gly oz oJAMIS Tl SFE| o1
sojof vleh A L B ERIAlle] B mE oF2 OlYilg B [EA o
1, ofxugl By ANSAA CLTRL S840 4 04 A7e R BA5S vhgom @ A7) g
A O3 FRILER A ARgRe] d o] HalE Q) Tagter T FloA= 8 ofFF o4 vk HE
oY Aol Aol oI5 Kfolt GlalA, Zok MA AR vt AAEE Q. Sy Be Anpt
o 4% TXAR 4 ch AT APRIE Ao] thet A Ao ohxwlel syl Hop otxuel Bujx AT
Fe WS TRe] iAol HaE|QIE. M) ofEa FEHZ|(HE 2 THDE SHeR tr|w A7 A3y
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Aspirin-induced urticaria

Aspirin-induced asthma

(AlU)

HLA-DRB1#1302
HLA-DQB1¥0609
ALOX5-1708 G=A

(ATA)
HLA-DPB1#0301
TBX21,CysLTR1,TNFa
PTGER2,PTGER3.PTGER4
PTGIR

Acute urticaria
ADRB?2 46A>=G/ATAU

Chronic urticaria
FesR1o-344 C=T/AICU
HNMT 939 A=C/AICU

Intermediate phenotype
ALOX3(GGGCGG)/AHR
TGFP1-509 C=T/rhinosinusitis
TBXAZR/FEV, fall by ASA-BPT
CysLTR2/FEV, fall by ASA-BPT
FeeR1B/IgE to SEB

Normal healthy
control

Figure 3. Genetic markers of aspirin-intolerant
asthma and urticaria.
Allergy frontiers 2009:206.
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