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- ABSTRACT -

Polymorphisms of High-affinity IgE Receptor Genes irPatients with

Aspirin-Intolerant Chronic Urticaria

Background and Objective: Chronic urticaria is commonly associated with dspir
hypersensitivity. Although the mechanism that uhéeraspirin hypersensitivity is not
completely understood, an IgE-mediated responsere@@ted for a patient with aspirin-
intolerant chronic urticaria (AICU). Atopy was raped a risk factor for a patient with AICU
and approximately 40% of patients with chronicaatia have autoimmune urticaria. The
high-affinity receptor for IgE (FaRl) expressed on mast cells and basophils play#ieat
role in mediating allergic reactions induced byigan-specific IgE antibody bindings. 4Rl

is composed of three subunits: the IgE-bindinghain, a signal-augmentirfigchain, and a
signal-transducingy-chain dimer. This study was aimed to evaluate whether six
polymorphisms of three subunit genes «ffle, FERIf and FeRly) of FeRI were

associated with the AICU phenotype.

Materials and Methods: We genotypedsix polymorphisms, FRRla -344C>T, FeRlo -
95T>C, FeRIp -109T>C, FeRIp E237G, FeRly 237A>G and FeRly -54G>T, of three
subunit genes of ERI in 116 patients with ASA intolerant chronic cdiia (AICU)

compared to 155 patients with ASA tolerant chroufticaria (ATCU) and 222 normal



healthy controls (NC) derived from a Korean popaolat The functional effect of
polymorphisms of FeRlo -344C>T and RRIB -109T>C was analyzed by luciferase

reporter assay and electrophoretic mobility sreftegy.

Results: The rare allele frequency of #Rla -344C>T polymorphism was significantly
higher in AICU group than those of other contrawgps ¢ = 0.008, for AICUvs. ATCU; p

= 0.030, for AICUvs NC). This polymorphism was also significantly @dated with the
serum total IgE levelp(= 0.010) within AICU patients. The frequency okRdu -95C allele
was also significantly higher in AICU (6.3%) tharT@U (1.7%) p = 0.021) but no
significant difference in allele and genotype frencies were noted between AICU and NC.
Reporter plasmid carrying the dRla -344T allele displayed significantly higher promiot
activity than that with the -344C allele in RBL-2Hd8ll line (o < 0.001). Transcription factor
Myc-associated zinc finger protein (MAZ) was boundthe FeRla -344C allele probe (-
354/-334) with the higher affinity than that of 84T allele probe.

There were no significant differences in allele gedotype frequencies, and haplotype
frequencies of two SNPs of #Ip among the three groupp & 0.05, respectively).
However, the polymorphism of ERIf E237G was significantly associated with the higher
rate of atopy f§ = 0.032) in AICU patients. Reporter plasmid cargyithie FeRIB -109T
allele displayed significantly higher promoter siti than that with the -109C allele in both

RBL-2H3 and A549 cell lines. In addition, we foutidht a specific DNA- protein complex

ii



with higher affinity was detected in -109T alleleobe compared in -109C probe, but a
transcription factor which binds to -109T allel®lpe was not identified.

In two SNPs of FeRly, no significant differences were observed in ali@hd genotype
frequencies, and haplotype frequencies among thee throups [ > 0.05, respectively).
However, the polymorphism of ERly -237A>G was significantly associated with a higher
rate of atopy in AICU patientgp (= 0.039) and the polymorphism of dRly -54T>C was
significantly associated with the prevalence ofi-timtroglobulin antibody [§ = 0.011) in
AICU patients.

When the effect of the ERI polymorphisms on the histamine releasability of
peripheral blood basophils from AICU patients waalgzed, the histamine releasability of
the patients carrying heterozygous CT ofM8a -344C>T was found to be higher than that

of the the patients carrying homozygous CC aife -344C>T p = 0.045).

Conclusion: These results suggest that theMFHa -344C>T polymorphism of the ERla
promoter may be associated with increased expresfid-aRla on mast cells enhanced
release of histamine, which may contribute to tlewetbpment of AICU. In addition,
polymorphisms of FRIf E237G and FRly -237A>G may be associated with the

susceptibility of AICU.

Key words: Chronic urticaria, aspirin hypersensitivity, higffity IgE receptor, genetic
polymorphism, IgE, Atopy, MAZ
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|. INTRODUCTION

Chronic urticaria is conventionally defined as thaly or almost daily occurrence of
urticarial wheals for at least 6 weeks with or with angioedema. Its etiology still remains
unclear despite great efforts, and patients mushdmeaged symptomatically. The key cell in
chronic urticaria is the dermal mast cell, and hAggothetical etiologic mechanism should
explain how this cell becomes repeatedly and eitelysactivated, leading to release of
histamine and the other mediators. However, otbkitypes are involved also, including the
basophil (Schwartz, 1991; Di Lorenzo et al., 1988&broe et al., 1998; Greaves, 2000).

Sensitivity to aspirin (acetylsalicylic acid) rewulin distinct clinical syndromes
including aspirin-intolerant asthma (AlA), which & respiratory syndrome, and aspirin-
intolerant chronic urticaria (AICU), which is a eameous syndrome. Although the cellular
and biochemical events that occur during adveraetigns to aspirin are not completely
clear, cysteinyl leukotrienes and histamine havenbienplicated as key mediators of the
pathogenic responses of patients with AIA and Al@s$pectively. While several molecular
genetic studies of AIA have clarified the pathoges@f aspirin sensitivity in patients with
this syndrome, there has been no attempt to shedynblecular genetics of AICU.

Many patients with chronic uricaria exhibit increagheal and swelling after intake of
aspirin (Doeglas, 1975; Mastalerz et al., 2004) phevalence of AICU is ~0.2% of the

general population (Gollapudi et al., 2004). Aspaind other nonsteroidal anti-inflammatory



drugs aggravate 20—-40% of patients with chronicania (Grattan, 2003; Mastalerz et al.,
2004), but the pathogenic mechanism that undeAi€3U is unknown. Previously, our
research group reported the clinical charactesisticAICU patients compared to those of
aspirin-tolerant chronic urticaria (ATCU) patienttn the Korean population, aspirin
hypersensitivity confirmed by an oral provocati@sttwas observed in 35.7% of patients
with chronic urticaria who had a high rate of at@nd high total serum IgE concentration
(Ye et al., 2005). Because an IgE-mediated respaasereported for a patient with AICU
(Blanca et al., 1989), we speculated that IgE miighinvolved in the pathogenesis of AICU.
Consequently, in the present study we performedkeular genetic analysis on the high-
affinity IgE receptor (FeRI) genes in AICU patients.

The high-affinity IgE receptor is expressed on sheace of effecter cells such as mast
cells and basophils and initiates an IgE-mediatibetgic response. The classical high-
affinity IgE receptor comprises a tetramer of atig-bindinga-chain, a signal-augmenting
B-chain, and a signal-transducipghain dimer. Binding of allergens to IgE-occuplegh-
affinity IgE receptors activates mast cells andnéwally triggers the release of mediators
such as histamine, pro-inflammatory cytokines (emgerleukins, tumor necrosis factar
and monocyte chemoattractant protein-1), prostaitanand leukotrienes (Dombrowicz et
al., 1993; Kinet, 1999). The-chain of the FeRlI is the primary candidate for initiating the
receptor stabilization that is crucial to the IgEdiated allergic responé@orkowski et al.,

2001). TheB-chain of the FeRI is an amplifier for cell surface expression ssaciation



with the a-chain and enhancer for signal transduction viairamunoreceptor tyrosine
activation motif (ITAM) of they-chain of FeRI (Donnadieu et al., 2000a; Dombrowicz et al.,
1998).

The FeRIB and FeRly play different roles in signaling. Unlike otherbsunits, the
FceRly is a shared subunit, since it is not exclusivedgdiin the FeRIl complex but is also
found in other receptors such as the low-affinidfe Ireceptor (FRIII) and the T-cell
antigen receptor (TCR) (Orloff et al., 1990). TheesHp unlike FeRly could be
coprecipitated with Lyn but not with Sky, while dRly but not FeRIB could activate Sky.
Another critical difference was that #RIp was incapable of inducing cell degranulation
while FeRIly could do it, although with a lesser intensity thdid the corresponding
endogenous tetrameric 8R1 (Kinet, 1999). Recent reports have suggesteddtihsurface
FceRI expression and mast cell survival are reguldtgdgE in the absence of antigen,
although the molecular mechanism is largely unknolire promotion of mast cell survival
by IgE without antigens is mediated by signals ulgtothe FeRIly-ITAM. In contrast, the
IgE-mediated up-regulation of &Rl is independent of ERly signaling. Therefore, ERIy-
mediated signals differentially regulate the reoemxpression, activation and survival of
mast cells (Sakurai et al., 2004).

The FeRla gene is located on chromosome 123 in humans@ngrises seven exons
and two promoters, specifically a distal and pradimpromoter (Hasegawa et al., 2003b)

Recently, genetic association studies demonstrptsitive associations between genetic



polymorphisms within the proximal promoter ofeRta. and allergic diseases such as asthma
and atopic dermatitiShikanai et al., 2002; Hasegawa et al., 2003ajvaver, the possible
association between #Rla polymorphisms and the pathogenesis of urticareri@ been
addressed. The ERIB gene located on chromosome 11g13 is known torikedi to atopy
and asthma (Cookson et al., 1989; Sandford etl@B3; Daniels et al., 1996). Several
investigators demonstrated a positive associatiagiene polymorphisms of the #RIf with
high serum total IgE level, atopy or the asthmanphype (Shirakawa et al., 1994; Hill and
Cookson, 1996; Palmer et al., 1997; Hizawa et 24000; Nishiyama et al., 2004). The
FceRly gene located on chromosome 1023 in human. Bedauses been reported that
FceRly gene was up-regulated with 2.56-fold by ASA treatimn PBMCs drived from the
normal healthy volunteers (Choi et al., 2005), tieme can be one of the candidate gene in
the AICU. Unlike other subunit genes, only one répd the polymorphism of RRly was
published (Wu et al., 2002). They analyzed SNPshef FeRIly coding region with 80
systemic lupus erythematosus patients and 66 lyeadttmal volunteers, but no polymorphic
site was found in that region. Furthermore, thes@ehbeen no published reports on the
polymorphism of promoter region of éRly. To the best of our knowledge, there has been
no previous study of significant association betwgenetic polymorphisms and the AICU
phenotype.

This study was aimed to determine genetic polymsma in the three subunit genes of

FceRI (FeeRIa, FeRIB and FeRIy) and their association with the AICU phenotypetigh



a case-control study of three groups classifiedhi&@J, aspirin-tolerant chronic urticaria
(ATCU) and normal healthy control (NC) in a Koreawpulation. Furthermore, the
functional significance of the ERla -344C>T and FRIB -109T>C polymorphisms were

investigated using luciferase reporter assay asxtrephoretic mobility shift assay (EMSA).




Il. MATERIALS AND METHODS

A. Subjects and phenotyping

Subjects enrolled from Ajou University Hospital Suwon, Korea, were divided into
three groups (116 patients with AICU, 155 patienth ATCU, and 222 normal healthy
controls). All the subjects participated in thisidst were ethnically Korean. Patients with
chronic urticaria in the presence of daily itchyeals that persisted for more than 6 weeks
and no known cause of chronic urticaria such ad fatergy, urticarial vasculitis, physical
urticaria, infectious agents, parasites, or autaimen disease were classified as either
aspirin-tolerant or aspirin-intolerant based on tesult of oral provocation with 500 mg
aspirin (Rhonal; KunWha Pharmaceutical Co., Seoul, Korea) as iestipreviously (Kim
et al., 2005). Patients with both AIA and AICU wesgcluded from this study. Normal
healthy controls were recruited from the generagupation. Controls had no personal or
family history of allergic diseases, or aspirindoug hypersensitivity. All subjects provided
informed consent and the study protocols were aoloby the institutional ethics
committee. All subjects fully understood the scopehis study and signed on an informed
consent form. Skin prick tests were performed vihcommon aeroallergens (Bencard Co.,
West Sussex, UK). Based on the results of the ghak tests, atopy was defined as one or
more positive reactions to common inhalant allesgefotal IgE concentrations were

measured using the UniCAP system (Pharmacia Digigeptlppsala, Sweden) according to



manufacturer’s instructions. Anti-thyroglobulin amohti-microsomal antibodies in serum
were detected by using anti-Tg radioimmunoassayR-@®H-M-S Aktiengesellschatft,
Hennigsdorf, Germany) and anti-TPO radioimmunoa¢Bag-A-H-M-S Aktiengesellschaft),
respectively. Serum antinuclear antibody was detectsing indirect immunofluorescence

(Fluoro HEPANA test, Medical & Biological Laborates Co., LTD., Nagoya, Japan).

B. SNPs identification of promoter regions of threecandidate genes

For SNPs identification, genomic DNAs donated frdfh healthy Korean volunteers
were used. Promoter region ofeRta was sequenced, including a 1.1-kb fragment of the
distal promoter and a 1.1-kb fragment of the pr@timppromoter, to examine single
nucleotide polymorphisms (SNPs) using the ABI Pri8@00 DNA analyzer (Applied
Biosystems, Foster City, CA, USA). Four sets ofrais designed for the amplification and
sequencing analyses were based on GenBank sequéefeence genome sequence
AB059239, released on 26 January 2002 feRf«, reference genome sequence AB080913,
released on 5 February 2004 foeR{3). The forward and reverse primer sequences for the
distal  promoter region of FERIla were 5-catttictgcctagacctgac-3 and 5
ttcacctgctttctctgagtag-3 respectively, the forward and reverse primer eaqges for the
proximal promoter region of ERIloe were 5Sactgtccctgteticttcagag-3 and 5
tctacttaccgaagaacagtaadg-3respectively. Sequence variants were verified ngisi

chromatograms.



SNPs of the promoter region of 4Rly were screened by SNPIMf assays using
SNPstream 25R' System (Orchid Biosciences, Connecticut, USA) ascdbed in
following “Genotyping” method. SNP information dfid promoter region of ERIly was
obtained from the SNP database in NCBI. Six SNPa inl kb fragment of the promoter
region of FeRIly were reported (Table 2). Among 7 SNPs in the ptemeegion of FeRly,
we could not validated -1053TGTG/- and -484C/T SNIRw each of the 5 SNPs in the
FceRly gene analyzed, except -1053TGTG/- and -484C/T Sphss of forward and reverse
primers were designed to amplify the genomic regiamounding the SNP of interest (Table

1).

C. Genotyping

SNP genotyping was performed by SNPYTassays using SNPstream 2¥KSystem
(Orchid Biosciences, Connecticut, USA). Brieflyetiygenomic DNA region spanning the
polymorphic site was amplified using one phosplaéited primer and one regular PCR
primer (Table 1). The amplified PCR products wergested with exonuclease. The 5'
phosphthiolates protect one strand of the PCR piddom exonuclease digestion, resulting
in the generation of a single-stranded PCR templette single-stranded PCR template is
overlaid onto a 384 well plate that contains contiyeattached SNP-IT primer extension
primer designed to hybridize immediately adjacenthe polymorphic site. The SNPIT

primer is extended for a single base with DNA payase and mixture of appropriate



Table 1. Amplifying and extension primers of the cadidate genes for SNP genotyping.

Gene Locus (SNP ID) Position Primers
FccRla -344 C>T Promoter Forward TGGCATATGTTTGGTATTCAGT
(11923) (rs2427827) Reverse AATCTGTCAATCTGTGTACARRTTTAG
Extension CTTAGAAAAGTGGGATGCAAGGGAG
-95 T>C Promoter  Forward AGAAAGAAGCAAAACCAGGC
(rs2251746) Reverse AATATAGGCTTAAACCAAAAAGCA
Extension CAAAAAGCAGXAGGAAATGTTTTCTGT
FcsRIB ~ -109 T>C Promoter  Forward AAAATTATGCTCCAGGAGTCTCA
(11923)  (rs1441586) Reverse ATAAGTTTCTTGGCTGATTAATCA
Extension  TTTACTTGTGATGAATAGAAAAATT
E237G(A>G) Exon7 Forward AGAGGATCGTGTTTATGAAGAATTARAC
(rs569108) Reverse GAATCAGAGTGTTCTGGACACGT

Extension

CTTACAGTGAGTTGGAAGACXCAGGGG




_O‘[_

Table 1. Continued.

Gene Locus (SNP ID) Position Primers
FceRly  -1090C/T Promoter Forward ATCGGTGAGCAGGGGAGC
(1923) (rs1802273) Reverse ATAATTTCTCCTTTTTTAGTACACA
Extension GTTTGATCCCCCCTGCCTATCAGCT
-1015A/G Promoter  Forward ATTGGCCTRTGTGTGTGTGT
(rs17391018) Reverse CTTTTTTAGTACATGCACAGAAAGC
Extension TGTGTGTGTGTGTGTGTGTATGTTC
-237A>G Promoter Forward GTGGAGTGGAAAATGGCA
(rs11587213) Reverse ACTGCTGGAATCATCTTGG
Extension TGTAGACAGCCTTTCCTGAGCGTGA
-80A/G Promoter Forward TCTCTTGTGCAGGAAGGG
(rs12091882) Reverse TGACAGCACTGTGCAGCT
Extension AAGCATGGGGGAAGGCGTGGCAGGAA
-54G>T Promoter  Forward AAAGCATGGGGGAAGGCG
(rs2070901) Reverse ACTGCTGGAATCATCTTGG

Extension

AGGGGGACTCTGTGGTCAGGGAACT




acycloterminator which is labeled with either FITGC biotin and complementary to the
polymorphic nucleotide. The identity of the incorgi@d nucleotide is determined with serial
colorimetric reactions with anti-FITC-AP and stragtin-HRP respectively. The results of
yellow and/or blue color developments were analywméth ELISA reader and the final

genotype calls were made with QCReviprogram.

D. Cell culture

RBL-2H3 (rat mast cell line) in DMEM (Invitrogen, asbad, CA, USA), HMC-1
(human mast cell line) in IMDM (Invitrogen) and KW3 (human basophil cell line), HeLa
(human cervical carcinoma cell line), THP-1 (hunmaonocyte cell line), A549 (bronchial
epithelial carcinoma cell line) and U937 (human foige cell line) in RPMI1640
(Invitrogen) were cultured at 3Z in a 5% CQ incubator. All media were supplemented
with 10% fetalbovine serum, 1 mM sodium pyruvate, 100 U/ml of ipidim G and 100

png/ml streptomycin (Invitrogen).

E. Plasmid construction and luciferase reporter ass/s
1. Plasmid construction
A 673bp fragment (from -679 to -7) of the humarMa gene proximal promoter was
prepared by PCR amplification of either -344C hoyguze or -344Thomozygote human

genomic DNA as a template, using a pair of primgfsrward primer, 5

_11_



CAAGGTACCAAGAAAAGCGTTGGTAGCTC-3, the bold character representsnl
site; reverse primer, BCTTCTOQCATGgACTCCTGGTGC-3. the bold character represents
Ncd site, small letteg is substituted by T to createNzd site). A 331bp fragment (from -
331 to 0) of the human ERIB gene promoter was prepared by PCR amplificatiogitber -
109T homozygote or -109wmozygote human genomic DNA as a template, usiogjreof
primers (forward primer, 'SCAAGGTACCAACTCCTACTAAAATGTCTC-3, the bold
character represenignl site; reverse primer, 5CTGTGTCCAT ggT TTCATTAACCGA-3..

the bold character represeitsd site, CAT represents translational start site). To introduce
anNcd site at the translation initiation site, nucleetireplacement was performed using an
Ncd mutagenic primer (Akizawa et al., 2003). Eachited PCR products was gel purified
with agarose-gel purification kit (iNtRON, DaejeoKprea), cut withKpnl and Ncd
restriction enzymes (Takara, Shuzo, Japan) antetigmto aKpnl- Ncd site of the pGL3-
Basic luciferase reporter vector (Promega, Madisaf, USA) using T, DNA ligase
(iNtRON). All constructs were verified by directegeencing. Plasmid DNAs were prepared
from these constructs using the Endo Free Plasnaixi kit (Quagen, Hilden, Germany) and

gquantities and integrity by using UV spectrometng agarose-gel electrophoresis.

2. Transfection and luciferase reporter assays
RBL-2H3 and A549 cells were transfected by usipgfiectamine (Invitrogen, Carlsbad,

CA, USA) according to the manufacturer's instruaio Briefly, the day before the

_12_



transfection, 1x10cells for RBL-2H3 and 8xTcells for A549 per well of a 12-well plate
in 1 mL of the medium with 10 % FBS were seeded. One microgrireporter plasmid
DNA, 0.2 ug of pSV§-galactosidase control vector (Promega) and 5 mlipofectamine
were added to 100 uL medium without FBS and arniitspmixed gently and incubated at
room temperature for 30 min and then added to dedishad attained 40—-60 % confluence
in 12-well plates containing 0.4 mL of medium withoFBS and antibiotics. After
incubation for 5 h, the medium was added with 8Q0ahfresh medium with 20 % FBS,
and the cells were incubated a further 24 h for RBI3 and 48 h for A549. Cells were then
lysated with 100 mL of reporter lysis buffer (Prayag per well. Twenty microlitres from
100 mL of the cell lysate were assayed for lucgeractivity using a luciferase assay kit
(Promega) and a luminometer TD20/20 (Turner BioSwyst Sunnyvale, CA, USA). The
pGL3-Control (Promega) and the promoter-less pGhSi® vectors were used as the
positive and negative controls, respectively. Tiect®on efficiency was determined by
measuring3-galactosidase activity after co-transfection ofhbieporter construct and pSV-

[-galactosidase control vector, into the cell line.

F. Nuclear extracts preparation and electrophoretiamability shift assay
1. Nuclear extracts preparation
The cells were washed with ice-cold PBS and resigxbin ice-cold buffer A [10 mM

HEPES (pH7.9), 10 mM KCI, 0.1 mM EDTA, 1 mM DTT, MnPMSF, 1 mM NaNG, 1
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mM NaF, and complete protease inhibitor Koctail {R® Basel, Switzerland)]. The cells
were incubated on ice for 10 min and for an add#id5 min with 0.5% Nonidet P-40. After
centrifuging at 6,000 g for 1 min, the pellet was resuspended in extradteb [20 mM

HEPES (pH7.9), 400 mM KCI, 4.5 mM Mg£l0.2 mM EDTA, 1 mM DTT, 1mM PMSF, 1
mM NaNGQ;, 1 mM NaF and complete protease inhibitor Kogfgibche)] and incubated on
ice for 1 h. The lysate was centrifuged 10,004 for 10 min. After the addition of 15%

glycerol, the supernatant was store afc&30ntil use.

2. Electrophoretic mobility shift assay (EMSA)

Oligonucleotides (Fig. 3, 4, 5 and Fig. 8) and ttreimplementary strands were designed
and purchased as gel purified (Bioneer, Daejeome&)o Complementary oligonucleotides
were annealed to each other to generate doubledstigorobes by incubation at @5for 5
min and successive gradual cooling to °87 The double-stranded DNA probes were
radiolabeled at their 5°-ends with DNA polymerasiarbe (Klenow) fragment (Promega)
and [-**P]dCTP. The reaction mixtures ({5, containing 5ug of nuclear extract, 10 mM
HEPES (pH 7.9), 400 ng of poly(dl-dC), 1 mM MgCB0 mM KCI, 4 mM DTT, 1 mM
NaNG;, 1 mM NaF, and 5% glycerol were preincubated @aniicthe absence of the probe
for 20 min and incubated for additional 20 min @m temperature with the 0.2 pmol of
radiolabeled probe. The reaction mixtures were thebjected to electrophoresis with a

native 6% polyacrylamide gel at 120 V for 3 hour®i5 x TBE buffer (45 mM Tris-borate,
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pH 8.0, 45 mM boric acid, 1 mM EDTA). For compaeiti experiments, unlabeled blunt-
ended competitor oligonucleotides were added tobthding reaction mixtures before the
addition of the radiolabeled oligonucleotide probBer the supershift experiments, 1 mg of
each antibody was added to the reaction mixtureictwkvas then incubated at room
temperature for 30 minutes. The labeled probe Wwas tdded to the reaction mixture and
the mixture was incubated for an additional 20 ntimen applied onto a native 6 %
polyacrylamide gel for electrophoresis. The oligdeotide sequences for mutational
experiments are presented in Fig. 6. Two anti-MAdiich could recognize an internal
region (MAZ L-20, sc-13484) and near the C-termimfisMAZ (MAZ A-17, sc-13485),

anti-GR and anti-PARP-1 antibodies were purchasad Santa Cruz Biotechnology (Santa
Cruz, CA, USA). The All gels were dried and radativity was detected using a FLA3000

(Fuji Photo Film, Tokyo, Japan).

G. DNA affinity purification of the protein binding around FceRIp -109T>C
1. Protein purification
Protein purification was carried out using the DHNifding protein purification kit
(Roche, Mannheim, Germany), following the manufemts instructions. Briefly,along
concatameric oligonucleotides corresponding to-126/-96 nt of the F&RIp gene promoter
was obtained by self-primed PCR technique (Hemak lsilcEntee, 1994): Four sets of

primers designed for the amplification of concatameligonucleotides. The forward and
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reverse primer sequences for -109T weradiagacttcttaattttictattcagtagacttcttaatttttctaittc
and B-gaatagaaaaattaagaagtctactgaatagaaaaattaagas®jtatespectively. The forward and
reverse primer sequences for -109C weragbagacttctcaattttictattcagtagacttctcaatttttczittc
and 3- gaatagaaaaattgagaagtctactgaatagaaaaattgagaagjatespectively. Thermal cycling
parameters were 32 for 2 min, then 30 cycles at '@5for 30 s, at 5& for 40 s, at 7Z for

45 s and a final 7€ extension period for 7 min. The concatamericarligcleotides were
phosphorylated at its 5'-end and ligated to stkégita magnetic particles. AP1 probes (200
pmol) which used to be competitor for EMS#ere added t@50 pl of binding reaction
mixturesmixtures [20 mM HEPES (pH 7.6), 1 mM EDTA, 10 mMHN,SCO,, 1 mM DTT,
0.2 % Tween 20 (w/v), 30 mM KCI, 6.2k of poly (dIdC) and 625 ng of poly L-lysine] and
incubated with occasional swirling for 30 min a€4The particles were then added to the
reaction mixturewhich was therincubated with occasional swirling for 30 min abmno
temperature. The particles were separated fromstipernatant (which contains the non-
binding proteins) with a magnetic separator (Rashils supernatant was stored at'€€br
SDS-PAGE. The particles were washed 3 times wittieim binding buffer [20 mM HEPES
(pH 7.6), 1 mM EDTA, 10 mM (N§,.SO,, 1 mM DTT, 0.2 % Tween 20 (w/v), 30 mM
KCI]. Fraction of last washing step was stored 20G for SDS-PAGE. DNA-binding
proteins were eluted with increasing KCI conceidrat from 0.2 to 1 M and loaded on to
SDS-PAGE (10% polyacrylamide). DNA-binding proteinsre eluted with increasing KCl

concentrations from 0.2 to 1 M and loaded on to $FID&E (10% polyacrylamide). Before
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the SDS-PAGE, the fractions were dialyzed usingrierocon 10 (Millipore, MA, USA).

2. Mass analysis and protein identification

Digestion of the protein bands, excised from thé gas performed with 20 ng/
modified trypsin (Promega, Chilworth, SouthamptbhK.) in 50 mM NHHCO;, at 37C
overnight in a shaking incubator. A Bruker Autofleratrix-assisted laser-desorption
ionization—time-offlight mass spectrometer operaitedthe reflectron mode was used to
generate peptide mass ‘fingerprints’. Externalbration of the mass axis was used for
acquisition, whereas internal calibration, usirtgei trypsin autolysis ions or matrix clusters,
was applied post-acquisition for accurate massrihgtation. The spectra of the tryptic
fragments were searched against the NCBI proteiabdaes using the MASCOT search
engine (http://www.matrixscience.com). Peptide mfisgerprinting’ was obtained with the
assumption that peptides are monoisotopic, oxidizgd methionine residues and
carbamidomethylated at cysteine residues. Up tonoiseed trypsin cleavage was allowed,
although most matches did not contain any misseavelge. Mass tolerance of 100 p.p.m.

was the window of error allowed for matching th@fme mass values.

F. Basophil histamine release
The techniques involved in preparing peripheralotlldeukocytes for performing

histamine release, in staging the histamine relgasetion, and in the fluorometric
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measurement of histamine have been described psdyi(Siragnanian, 1974; Lictenstein et
al., 1975; Cromwell et al., 1986). Briefly, 20 mlobd were obtained from the subjects and
mixed with 2.5 mL of 6 % dextran-3% dextrose-phisjic saline and 1 mL of
ethylenediamine tetraacetic acid. The mixture wiasvad to sediment at room temperature
for 2 h before the leukocytes containing plasmaewemoved by centrifuged at 4°C and 250
g for 8 min. The leukocyte pellet was washed twicthWAIPES-A (25 mM piperazing-N'-
bis-2 ethane sulphonic acid, 110 mM NaCl, 5 mM K4ll,mM NaOH, and 0.03 % human
serum albumin adjusted to pH 7.4), and, prior tetadmine release studies, it was
resuspended in PIPES-ACMD (91 mM Ca®.5 mM MgC}, and 0.1 % dextrose in PIPES)
to a final concentration of approximately 5%1€ells/mL. One hundred pl of calcium
inophore A23197 (1 uM, 3 uM, Sigma, USA) or antitumgoat IgE antibodies (1:10, 1:100,
1:1000 vol/vol, KPL, USA) were added to 200 ul afukocyte suspension and the
suspensions were incubated for 15 min at 37°C.aralfel, leukocyte suspensions were
incubated with PIPES-ACMD alone to correct for dameous histamine release. Total
cellular histamine concentration was measured lingd0.1 mL of 55 % trichloroacetic
acid to leukocyte suspension. The tubes were 6egéd at 4°C and 250 g for 15 min and
the supernatants were collected and stored at -&°€@ubsequent assay of histamine. All
the experiments were performed in duplicate. Higtansoncentration was measured by the
automated fluorometric method described (auto-Bowter, UK). Histamine release was

expressed as percentage of total cellular histarbamed to the following formula:
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Percent histamine release = 100 x {(stimulatedamgte release - spontaneous histamine

release)/(total cellular histamine release - spwuas histamine release)}

H. Statistical analysis

The genotype frequency at each SNP was examinedidoificant departure from
Hardy-Weinberg equilibrium using a chi-square td&ifferences in genotype frequency
between patients and controls were analyzed usiclyj-aquare test and by calculating the
odds ratio with a 95% confidence interval. Logisdgression models were used for analyses
of SNPs and haplotypes controlling age and seoaariates with three alternative models
(codominant, dominant, and recessive). HaplotydfeBceRB gene were analysed using
Haploview version 2.0 based on the EM algorithm r(B# et al., 2005). Linkage
disequilibrium between loci was measured using dbeolute value of Lewontin’D]|
(Hedrick, 1987). Differences of clinical characstids between groups were examined using
Student’st-test (for continuous variables) or a chi-squais (gor categorical variables).
Differences of histamine releasability between difterent genotype groups were examined
using Mann-WhitneyU-test. Ap value of 0.05 or less was regarded as significAlit.
statistical analyses were performed using SPS®vadt(version 12.0; SPSS Inc., Chicago,

IL, USA).
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lIl. RESULTS

A. SNPs identification of promoter regions of the EsRla and FxRIy genes

We sequenced a 1.1-kb fragment of the distal premand a 1.1-kb fragment of the
proximal promoter of the ERla gene from 40 individuals to identify polymorphites. As
shown in Fig. 1A, two SNPs in the proximal promatéthe FeRla gene were identified at
-344 and -95 but no SNPs were detected in thel gistanoter. In an about 1-kb fragment of
the promoter region of ERIly, we just identified reported SNPs in the SNP dadabin
NCBI by using single base extension method. Wedttutlesign possible extension primers
to validated -1053TGTG/- and -484C/T SNPsRy -1090T, -1015G and -80G alleles were
not found in any of the 40 individuals. Only two B# -237A/G and -54G/T, were
polymorphic within the validatable 5 SNPs in proerategion of the FdRly gene (Table 2).
Therefore, we excluded 5 SNPs of theMy gene, -1090C/T, -1053TGTG/-, -1015A/G, -

484C/T, and -80A/G, from the further experiments.

B. Clinical manifestations of the study subjects

The clinical characteristics of the study subjestye summarized in Table 3. There
were significant differences in mean age betweenAiCU and ATCU patients groupp €
0.001). The prevalence of atopy was significantihlr in AICU group than those of other

control groupsf < 0.001, for AICUvs.ATCU; p < 0.001, for AICUvs NC).
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Fig. 1. Schematic representation of three subunitemes of the human high-affinity IgE
receptor (FcRI). (A) Gene map and 2 SNPs ofeRta. Translation start site was denoted
as nucleotide +1. (B) Gene map and 2 SNPs of MS&&ZRIB). Transcription start site was
denoted as nucleotide +1. (C) Gene map and 2 SNPesRly. Translation start site was
denoted as nucleotide +1. Coding exons are margeddeks and 5 and 3-untranslated

regions by white blocks.
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A. FceRla [ Location 1923.2 ]

-344 C>T rs2427827
-95 T>C rs2251746

l[I—I—I—I—I:I—

1
L= | LI
Exon : 1 2

1kb
B. FceRIB [ Location 11g12.1 |
-109 T>C rs1441586 E237G (A>G) rs569108
Lﬂ - —i—
Exon: 1 2 3 7
1kb
C. FceRly[ Location 1923.3 |
-237 A>G rs11587213
-54 G>T rs2070901
| i =1 |
Exon: 1 2 3 4 5




Table 2. SNPs within the promoter region of FeRly gene identified in 40 normal

healthy volunteers.

. Heterozygosity HWE
location SNP ID MAF
Observed Expected pvalue
-1090C/T rs1802273 0% 0% 1 0%
-1053TGTG/- rs10629771 NA NA NA NA
-1015A/G rs17391018 0% 0% 1 0%
-484CIT rs6674857 NA NA NA NA
-237A/G rs11587213 16.7% 19.1% 0.76 10.7%
-80A/G rs12091882 0% 0% 1 0%
-54GIT rs2070901 50.0% 49.3% 1 44.0%

MAF, minor allele frequencyNA, not available.
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Table 3. Clinical characteristics of the study sulgcts.

AICU ATCU NC p value
(N=116) (N=155) (N'=222) AICU vs.ATCU AICU vs.NC

Age (years)* 35.05 + 11.63 39.27 £ 11.70 36.36 A65 0.003 0.378
Sex (male/total) 56/116 (48.3%) 73/155 (47.19804/222 (46.8%) 0.824 0.803
Atopy (presence/total) 82/111 (73.9%) 72/147 (49.0%26/186 (14.0%) <0.001 <0.001
Log [serum total IgE (IU/ml)]* 2.23+0.49 2.06 4T. NA 0.009 NA
Anti-thyroglobulin antibody

N 11/68 (16.2%) 21/134 (15.7%) NA 0.938 NA
(positiveltotal)
Anti-microsomal antibody

i 7/68 (10.3%) 17/134 (12.7%) NA 0.529 NA
(positive/total)
Anti-nuclear antibody

13/72 (18.1%) 22/126 (17.5%) NA 0.684 NA

(positive/total)

*Mean + SD. AICU, aspirin-intolerant chronic urtica ATCU, aspirin-tolerant chronic urticaria; N@ormal healthy controls;

NA, not applicable.



The log [serum total IgE] values, also, was sigaifitly higher in AICU than ATCU grou (
= 0.009). However, no significant difference in@tllinical parameters was noted between

AICU and ATCU patients groups.

C. Allele, genotype and haplotype frequencies of éhFxRla, FceRIp and FeRIy genes
The allele and genotype frequencies of each SNRedthree genes studied in a Korean
population are presented in Table 4. The distrilsutof genotype frequencies for all
polymorphisms was consistent with Hardy-Weinbergiildarium in patient and control
groups p > 0.05). The frequency of the genotype and atled¢ contained the ERla -344T
allele was significantly higher in the AICU patisrdompared to the ATCU patients (AICU
vs ATCU, p = 0.007 for the codominant modpl= 0.039 for the dominant model= 0.028
for the recessive model, apd= 0.008 for the allele frequency; AlQks controls,p = 0.028
for the codominant model amd= 0.030 for the allele frequency). The genotypd altele
frequencies of the ERIla -95T>C polymorphism were also significantly higlmethe AICU
patients compared to the ATCU patiernis=(0.014 for the codominant and recessive model
andp = 0.16 for the allele frequency). There were rgnigicant differences in allele and
genotype frequencies between the AICU patients thedcontrols. The homozygous CC
genotype of the ERla -95C polymorphism was not detected in any of thbjects. In
contrast, no significant differences in allele ayghotype frequencies of #éRIp (-109T>C,

E237G) and FeRly (-237A>C, -54G>T) were observed among the thregysgroups.
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Table 4. The genotype and allele frequencies of the subunit genes of human high-affinity IgE recepto

S Condg AICU ATCU NC p value*
(N = 116) (N = 155) (N=222) AICUs.ATCU AICU vs.NC
FeeRle  -344C>T  €C 59 (56.2%) 108 (70.1%) 148 (66.7%) 0.007 0.028
CT 39 (37.1%)  45(29.2%) 69 (31.1%)  0.039 0.062
TT 7 (6.7%) 1 (0.6%) 5 (2.3%) 0.028 0.071
q 0.252 0.153 0.178 0.008 0.030
-95T>C TT 92 (87.6%) 149 (96.8%) 200 (90.1%) 0.014 0.512
cT 13 (12.4%) 5 (3.2%) 22 (9.9%) NA NA
cc 0 0 0 0.014 0.512
q 0.062 0.016 0.050 0.016 0.524
FeRIp -109T>C TT 56 (48.3%) 68 (43.9%) 97 (45.3%) 0.294 0.086
CT 49 (42.2%)  65(41.9%) 99 (46.3%) 0.300 0.713
cC 11 (9.5%) 22 (14.2%) 18 (8.4%) 0.447 0.558
q. 0.306 0.352 0.315 0.281 0.775

*Each p value was calculated for a codominant, dominandl Becessive model. Logistic regression analysis agplied to
control for age and sex as covariates. SNP, smgtteotide polymorphism; g, minor allele frequeniys, not applicable.
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Table 4. Continued.

Ao Loa ’ AICU ATCU NC p value*
(N = 116) (N = 155) (N=222) AICWUS.ATCU AICU vs.NC
FcRIp E237G AA 81 (69.8%) 112 (72.3%) 146 (68.2%) 0.965 0.638
AG 33 (28.4%) 38 (24.5%) 62 (29.0%) 0.479 0.550
GG 2 (1.7%) 5 (3.2%) 6 (2.8%) 0.764 0.742
Q. 0.159 0.155 0.173 0.965 0.643
FceRly ;;237A> AA 90 (84.1%) 134 (88.2%) 177 (83.1%) 0.269 0.706
AG 16 (15.0%) 18 (11.8%) 32 (15.0%) 1.000 0.534
GG 1 (0.9%) 0 4 (1.9%) 0.356 0.826
Q. 0.084 0.059 0.094 0.274 0.693
—54G>T GG 21 (19.6%) 38 (24.7%) 61 (28.6%) 0.241 23p
GT 56 (52.3%) 80 (51.9%) 95 (44.6%) 0.372 0.819
TT 30 (28.0%) 36 (23.4%) 57 (26.8%) 0.312 0.080
a. 0.542 0.494 0.491 0.252 0.218

*Eachp value was calculated for a codominant, dominamd, recessive model. Logistic regression analysis apgplied to

control for age and sex as covariates. SNP, smgiteotide polymorphism; g, minor allele frequenisy, not applicable.



Linkage disequilibrium between SNPs, locus by logas examined and the results are
presented in Table 5. Two promoter polymorphismth@éFeRlo gene were not in linkage
disequilibrium (P'| = 0.74 and3= 0.01). Two genetic polymorphisms of thesRif} gene, -
109T>C and E237G, were in linkage disequilibriur®’|(]= 0.99) and three common
haplotypes, htbl [TA], htb2 [CG] and htb3 [CA], werconstructed utilizing the EM
algorithm. And also, two genetic polymorphismstwg FeRIly gene, -237A>C and -54G>T,
were in linkage disequilibriumB|| = 1) and three common haplotypes, htgl [AT],2htg
[AG] and htg3 [GG], were constructed utilizing tB& algorithm. However, there were no
significant differences among the three groupshim abserved haplotype frequencigs>(

0.05).

D. Association of FeRI polymorphisms with chronic urticaria phenotypes

We determined whether there were any associatietvgelen the each SNP of the three
genes and clinical parameters such as atopy, anceotrations of total serum IgE, anti-
thyroglobulin antibodies, anti-microsomal antibagdiand antinuclear antibodies (Table 6-8).
AICU patients who carried the ERla -344T allele had higher total serum IgE
concentrations than AICU patients who had the hgmpoas CC genotype(= 0.010, Table
6). The atopy rate was higher in AICU patients wdaried the FeRlo -344T allele
compared to AICU patients who had the homozygoug@btype, although this difference

not reached statistical significancp € 0.053, Table 6). There were no significant
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Table 5. Haplotype frequencies of FeRIp and FeRIly

cend webiotypg AlCU ATCU NC p value*
(N=232) (N=310) (N=428) AICU vs. ATCU AICU vs. NC

FeRIB  htbl [TA] 161 (69.4%) 201 (64.8%) 292 (68.2%) 0.271 0.759

htb2 [CG] 37 (15.9%) 48 (15.5%) 73 (17.1%) 0.939 0.692

htb3 [CA] 34 (14.7%) 61 (19.7%) 62 (14.5%) 0.151 0.987
FeeRIly  htgl [AT] 116 (54.2%) 152 (50.0%) 209 (49.3%) 0.285 0.240

htg2 [AG] 80 (37.4%) 134 (44.1%) 175 (41.3%) 0.096 0.337

htg3 [GG] 18 (8.4%) 18 (5.9%) 40 (9.4%) 0.263 0.681

*Logistic regression analysis was applied to cdrfopage, sex as covariables. Rare alleles amrngiv bold.
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Table 6. Comparison of the clinical characteristicsaccording to Fe&RIl e genotype in patients with AICU.

—344C>T
CcC CTorTT

p value

—-95T>C

p value
TT CT

Sex (male/total) 24/59 (40.7%) 24/46 0.067
39/58 (67.2%)37/44 (84.1%) 0.053

2.36 £0.406 0.010

Atopy (presence/total)
Log [serum total IgE (IU/ml)]* 2.11 + 0.508

Anti-thyroglobulin antibody
7/30 (23.3%) 3/34 (8.8%) 0.111

(positive/total)

Anti-microsomal antibody
3/30 (10.0%) 3/34 (8.8%) 0.872

(positive/total)

Anti-nuclear antibody
7/30 (23.3%) 6/37 (16.2%) 0.464

(positive/total)

45/92 (48.9%) 6/13 (46.2%) 0.852
67/89 (75.3%) 9/13 (69.2%) 0.640
2.24+0.489 2.11+0.411 0.368

9/58 (15.5%)  1/6 (16.7%) 0.941

5/58 (8.6%)  1/6 (16.7%) 0.520

13/61 (21.3%)  0/9 (0%)  0.225

* This value was presented as means * SD.
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Table 7. Comparison of the clinical characteristicsaccording to F&RI genotype in patients with AICU.

-109T>C E237G
p value p value
TT CT or CC AA AG or GG
Sex (male/total) 28/56 (50.0%) 28/60 (46.7%) 0.720 41/81 (50.6%) 15/35 (42.9%) 0.443
Atopy (presence/total) 36/52 (69.2%)46/59 (78.0%) 0.296 52/77 (67.5%) 30/34 (88.2%) 0.022
Log [serum total IgE (IU/ml)]* 2.28 £ 0.45 2.19+0.52 0.333 2.25+0.54 2.20+0.37 0.625
Anti-thyroglobulin antibody
N 6/36 (16.7%) 5/32 (15.6%) 0.907 8/42 (16.0%) 3/18 (16.7%) 0.947
(positive/total)
Anti-microsomal antibody
N 3/36 (8.3%) 4/32 (12.5%) 0.573 4/50 (8.0%) 3/18 (16.7%) 0.299
(positive/total)
Antinuclear antibody
8/33 (24.2%) 5/39 (12.8%) 0.209 9/49 (18.4%) 4/23 (17.4%) 0.920

(positive/total)

* This value was presented as means + SD.
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Table 8. Comparison of the clinical characteristicaccording to F&RIy genotype in patients with AICU.

-237 A>G -54 T>C
p value p value
AA AG or GG GG GTorTT
Sex (male/total) 42/90 (46.7%) 8/17 (47.1%) 0.976 9/21 (42.9%)  41/86 (47.7%)  0.692
Atopy (presencef/total) 61/87 (70.1%)16/17 (94.1%) 0.039 17/20 (85.0%) 60/84 (71.4%)  0.213
Log [serum total IgE (IU/mD]* 2.21 £0.51 2.34£0.31 0.191 2.34 £0.47 2.20+£0.49 0.260
Anti-thyroglobulin antibody
N 9/53 (17.0%) 2/12 (16.7%) 0.979 5/12 (41.7%) 6/53 (11.3%) 0.011
(positive/total)
Anti-microsomal antibody
N 5/53 (9.4%) 2/12 (16.7%) 0.465 3/12 (25.0%) 4/53 (7.5%) 0.078
(positive/total)
Antinuclear antibody
1/56 (19.6%) 2/12 (16.7%) 0.812 1/12 (8.3%) 12/56 (21.4%)  0.295

(positive/total)

* This value was presented as means + SD.



associations among the various clinical parametedsthe FeRla -95T>C polymorphism in
the AICU patients (Table 6). The atopy rate wasificantly higher in AICU patients who
carried the heterozygous AG or homozygous GG geeotf FeRIp E237G than AICU
patients who carried the homozygous AA genotyges (0.022, Table 7). There were no
significant associations among the various clinipafameters and the #RIf -109T>C
polymorphism in the AICU patients (Table 7). AlCdtgnts who carried the Ely -237G
allele had higher atopy rate than AICU patients Whd the homozygous AA genotype=<
0.039, Table 8). The prevalence of anti-thyroglobahtibody was higher in AICU patients
who had the homozygous GG genotype of theRIRc-54 than AICU patients who carried

the -54T allelefg = 0.011, Table 8).

E. Effect of the F&Rla -344C>T polymorphism on transcriptional activity

To examine whether the #Rla -344C>T polymorphism is associated with altered
promoter activity, we performed the luciferase m@oassay in FRla-positive rat mast
cells, RBL-2H3, which were transiently transfectath the reporter plasmids containing the
human FeRla gene proximal promoter (from -679 to -7) of -34di&le or -344T allele, just
upstream of the luciferase gene. As shown in Figcdhstructs that contained -344T
exhibited significantly greater luciferase actividgmpared to the constructs that contained -
344C p < 0.001). We also performed the luciferase rep@ssay in FeRla-positive human

cell lines, U937, KU812 and HMC-1, anddRia-negative human cell lines, A549. Similar

_33_



-344C
A |

p344C FceRla .
-- - o H Luciferase f---
promoter region pGL3
-679 -7
-344T
|
p344T FceRla .
EEEE . H Luciferase F---
promoter region pGL3
-679 -7
B p < 0.001
1
10
> 9
=
5 8
@
o 7
S 6
2
=
o 4
=
E 3
& 2
1
0

Basic p344C p344T

Fig. 2. Effect of the -344C>T polymorphism on the ranscription activity of the
promoter on the alpha chain of the human high-affiity IgE receptor (FceRla). The
mast cell line RBL-2H3 was transfected with lucifee reporter constructs. (A) Schematic
representation of reporter gene constructs thataswd the FeRla promoter region with
the -344 polymorphism. (B) Relative luciferase prctiibn (ratio versus luciferase
production by the promoter-less control vector, BdBasic). Each experiment was
conducted in triplicate for each sample, and tlsailte are expressed as the meanSE for

four independent experiments. Tihgalue was determined using paired Studerest.
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results were obtained, when human mast cell lineGdMwas used for the luciferase
reporter assay, although the promoter activity aettin HMC-1 was lower than those in
RBL-2H3 cell line (data not shown). However, thastection efficiency of THP-1 and
KU812 cells were too low and the promoter activitgs not founded in U937 and A549

cells.

F. Binding profile of MAZ to the FceRla -344C>T polymorphic site

To investigate whether the #Rla -344C>T polymorphism created a transcription
factor binding site, we performed an EMSA with raal extracts from rat mast cell line,
RBL-2H3, using double-stranded oligonucleotide polthat corresponded to -344C/T (-
334/-354) (Fig. 3A). The -344C probe produced aciipeband that had a higher affinity
than that produced by the -344T probe (Fig. 3B, TG shifted band produced by the -344C
probe was not visible in the presence of the nahab-344C probe as competitor but
remained visible in the presence of the nonlabe34d T probe as competitor (Fig. 3. C). A
survey of a database of transcription factors ssiggethat the C to T conversion of the -
344C>T polymorphism generated a potential MAZ-bigdmotif, namely CCCACCC. To
clarify the involvement of MAZ, we carried out argpetitive binding assay using three
unlabeled probe (MAZ, SP1 and AP1l) as competitarg] found that a specific band
corresponding to the -344C probe was disappearddebgiddition of excess unlabeled MAZ

probe but not SP1 and AP1 probes (Fig. 3D). Idahtiesults were obtained, when human
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A -344C : GTTTTATTCTGCCCTCCCTTGCAT
~344T : GTTTTATTCTGCICTCCCTTGCAT
AP1 : CGCTTGA[IGACTCA|GCCGGAA
MAZ : CTCGCG[CCCTCCC|CCGC

SP1 : ATTCGATC|GGGGCGGGGC|GAGC

B C D

nuclear extract _ + 4+ + + + + +
probe;-344C 4+ + + + + + + +

competitor —  _ _344C -344T AP1 nuclear extract —

+
nuclear extract 4+ + —] = =1 probe;-344C  + +

probe;-344C/IT C T
) —

competitor - _

SPL + +
1 APL + 4+

—> —> L T

i1
J

s -
g

E{

free probe =

free probe == free probe =

Fig. 3. Results of an electrophoretic mobility shif assay for the FeRlo -344C>T
polymorphism using nuclear extracts obtained from BL-2H3 cells. (A) Nucleotide
sequences of oligonucleotides used as probes angetibors (-344C, -344T, AP-1, MAZ
and SP1). (B) Differential binding of a nuclear feio to -344C/T alleles. (C) Binding

affinity of Myc-associated zinc finger (MAZ) protefor FeRla promoters with either a C
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or a T at position -344. (D) Identification of th@nscription factor binding to -344 probe
using competitive binding assay. Competitive bigdassay was performed with unlabeled

MAZ, SP1 and AP1 probes. The amount of competitas WOO0-fold molar excess than probe.

The unbound probes and specific bands are indidstearows.
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A -344C : GTTTTATTCTGCCCTCCCTTGCAT
~344T : GTTTTATTCTGCICTCCCTTGCAT
AP1 : CGCTTGA[IGACTCA|GCCGGAA
MAZ : CTCGCG[CCCTCCC|CCGC

SP1 : ATTCGATC|GGGGCGGGGC|GAGC

B C D

nuclear extract _ 4+ 4+ 4+ 4+ + 4+ +

probe;-344C 4+ + + + + + + +

competitor _  _ _344C -344T AP1 nuclear extract — + + + +
nuclear extract 4 4+ Ao 4]0 Ao probe;-344C  + + + + +
o O O O o 9! N o o
be;-344CIT C T L ISRVR: tit <22
probe ; X X X X X X competitor --35%<
’ hh )1 b

free probe == free probe = free probe =

Fig. 4. Results of an electrophoretic mobility shif assay for the FeRlo -344C>T
polymorphism using nuclear extracts obtained from KU812 cells. (A) Nucleotide
sequences of oligonucleotides used as probes angetibors (-344C, -344T, AP-1, MAZ
and SP1). (B) Differential binding of a nuclear feio to -344C/T alleles. (C) Binding

affinity of Myc-associated zinc finger (MAZ) protefor Fe:Rla promoters with either a C
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or a T at position —344. (D) Identification of th@nscription factor binding to -344 probe
using competitive binding assay. Competitive bigdassay was performed with unlabeled

MAZ, SP1 and AP1 probes. The amount of competitas WOO0-fold molar excess than probe.

The unbound probes and specific bands are indidstegrows.

_39_



S~ S~
N N
2 < =2 <
N N N N
< < < < @
Ab - = =0 Ab - = =0
nuclear extract + + + + nuclear extract + + + +
probe :-344C + + + + probe : -344C + + + +

FAa pn en

2 otelelc gl

free probe =—s free probe ==

Fig. 5. Results of supershift experiments for the344C>T polymorphism using nuclear
extracts obtained RBL-2H3 and KU812 cells(A) Supershift experiments using nuclear
extracts obtained RBL-2H3 celiB) Supershift experiments using nuclear extrabtsioed

KU812 cells. The unbound probes and specific banel$ndicated by arrows.
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basophil cell line, KU812, was used for the EMSAg(F). We also performed supershift
assays using 2 kinds of commercially available -EBiZ antibodies (MAZ L-20 for
recognizing an internal epitope and MAZ A-17 focagnizing C-terminal epitope; Santa
Cruz, Calif). However, these 2 anti-MAZ antibod@sild not affect DNA-protein complex
formation in the -344C probe (Fig. 5). To clarihetbinding site of MAZ in -344C probe, we
next performed an EMSA mutational assay using rancdtracts obtained from RBL-2H3
cells (Fig. 6). The shifted band produced by th&1€3 probe was not visible in the presence
of the nonlabeled -347C, -346A, -338C and -337Mesoas competitor but remained visible
in the presence of the nonlabeled -345T to -34@bgs as competitor. These results indicate

that the sequence of CCCACCC (-345/-339) is thdibmsite of MAZ in -344C probe.

G. Effect of the F&RIp -109T>C polymorphism on transcriptional activity

To examine whether ERIB -109T>C polymorphism is associated with altered
promoter activity, a construct composed of promseguence and luciferase reporter gene
was transfected into RBL-2H3 cell line. Reportetihates were compared between
constructs containing either -109T -409Cin the FeRIB gene promoter region (Fig. 7A).
Luciferase activity was significantly enhanced e tconstruct containing ERIB -109T
when compared to the #RIB -109C containing construcp (= 0.01, Fig. 7B). Additional
transfection experiments were performed in the Abrtthchial epithelial cell line in which

significantly higher luciferase activity was alsoted for the FeRIB -109T construct
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-344C : GITTTATTCTGCCCTCCCTTGCAT
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+
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Fig. 6. Results of an EMSA mutational assay for the-344C>T polymorphism using
nuclear extracts obtained from RBL-2H3 cells. (A) Nucleotide sequences of
oligonucleotides used as probes and competitory. IdBntification of nuclear protein

binding motif to -344 probe using mutational asddye unbound probes and specific bands

are indicated by arrows.
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Fig. 7. Effect of the -109T>C polymorphism on the ranscription activity of the
promoter on the beta chain of the human high-affirty IgE receptor (FceRIp). Data are
the mean values of independent experiments, plumious the SEM. (A) Schematic
representation of reporter gene constructs thatagcted the FeRIB promoter region with
the -109 polymorphism. (B) Transfection of RBL-2Id8lls. Luciferase activity assay was
performed in three independent experiments (in,tata 9). (C) Transfection of A549 cell
(n = 9). Relative luciferase activity is represenés the ratio of the activity to the luciferase
activity in the cells transfected with the emptytol vector pGL3-Basic. p = 0.011; **p

=0.004; *** p < 0.001, as determined by a paired Studertest.
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comparison to the ERIB -109C constructy= 0.004, Fig. 7C).

H. Allele-specific binding of nuclear protein to the FeRIp -109T>C polymorphic site

The significant effects of polymorphism ateRip -109 on the promoter activity
suggested that some unidentified transcriptionofastay be differentially recognizing this
polymorphism. We then performed EMSA with nucleatracts from FeRIp-positive cell
lines (RBL-2H3, KU812, THP-1 and U937) or a negatiell line (A549) using double-
stranded 25-bp oligonucleotides corresponding ®@FIC (-120/-96) as probes and AP-1 for
non-specific competitor (Fig. 8A). A specific bawds observed with higher affinity on the -
109T probe than -109C probe (Fig. 8B, C). The banth -109T probe specifically
disappeared by 50-fold excess of the nonlabelefT-X0obe, but the inhibitory activity of
the nonlabeled -109C probe was obviously lower themonlabeled -109C probe (Fig. 8C).
These results indicate the presence of a nucleaeipr which higher affinity on the -109T
probe than -109C probe. This nuclear protein waadmot only in FeRIB-positive cells but
also in FeRIB-negative A549 cells (Fig. 8B), suggesting thas wbiquitously expressed. To
Identification of the transcription factor binding F&RIf promoter region around -109,
sequence were submitted to the ‘Sighal Scan’ onfimegram (www.bimas.cit.nih.gov/
molbio/signal) and compared with mammalian tramdizn factor binding sequence in the
transcription factors (TRANSFEC) database. There m@ transcription factor binding site

matching the FRIB -109T>C polymorphism. We next performed DNA affinpurification
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Fig. 8. Results of an electrophoretic mobility shif assay for the FeRIf -109C>T

polymorphism using nuclear extracts obtained from mdicated cell lines.(A) Nucleotide

sequences of oligonucleotides used as probes anpetibors (-109T, -109C, and AP-1). (B)
Differential binding of a nuclear protein to -109Cdlleles. Nuclear proteins prepared from
the indicated cell lines were subjected to EMSAhvetprobe containing the -109T or -109C
allele. (C) Binding affinity of a specific protefor FceRI promoters with either a T or a C
at position -109 using nuclear extracts obtainednflRBL-2H3. The unbound probes and

specific bands are indicated by arrows.
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