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introduction

Allergic diseases are caused by complex interactions of
genetic and  environmental factors. Since  various
questionnaires and medical interviews on the onset of allergic
diseases suggest familial accumulation, it is believed that
genetic factors are involved in the development of allergic
diseases. Furthermore, the highly wvarious pathology of
allergic diseases suggests that multiple genes are involved in
the allergy. In this paper, among various allergy-associated
genes, genes associated with responses to drugs are discussed,
including our own experience, in order to outline tailor-made
medicine and gene polymorphisms in bronchial asthma.

Pharmacogenetics and tailor-made medicine

There are wvarious choices of drugs for long-term
management of stable bronchial asthma such as inhaled
steroid, f, adrenargic receptor agonist (especially long-acting
type), and theophylline. Although the efficacy has been
proven for all these drugs, the effective rate is 70-90% even
for inhaled steroid. For improved future treatment, it is
important to determine the best treatment combination for
each patient through tailor-made medicine. The investigation
of genetic factors that determine the individual differences in
response to drugs is called pharmacogenetics.

In this paper, the pharmacogenetics of bronchial asthma
mainly regarding the f, adrenargic receptor agonist, anti-
allergy drugs (leukotriene receptor antagonist and Th2
cytokine suppressor) are discussed.
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B. adrenargic receptor agonist

The #, adrenargic.receptor agonist is used as a reliever
(short®déting inhaled formula) for asthma attacks or as a
controller (long=acting inhaled formula, oral formula, plaster
formula) for maintenance of a§tab}e state. There are several
reports on the association betwee ,{he bronchodilating effect of
the B, adrenargic receptor agonis %d polymorphisms of the §, 4
adrenargw receptor‘)” The pB; adrenargic receptor is a

=protein coupled receptor that regulates the action of

4techolamine and its gene (ADRB2), which'does not have an
intron, resides in 5¢31-32. T - ssociation between the acute
bronchodilating effect of the ¥, a&renargic receptor agonist
and Argl6Gly polymorphism has been investigated and it has
been reported that the bronchodilating ‘effect of a single
administration of f, adrenarglc receptor agomst is Weaker in
patients with Glyl6 al ce Argl6Gly polymorphlsm

does not directly affe nding 'with the f, ad¥enargic

receptor agonist or coupling with the G-protein, the cause of

difference in drug responseggi ievedw to be the dowr
regulation by intrinsic catecholamme or thespreviously usec
B, adrenargic receptor agonist. However, these studies are
retrospective and the haplotypes have not been quy
considered. In 2000, associations between haplotypes
(determined by multiple polymorphisms) and phenotgyes
were reported”. Based on 13 polymorphisms in the promoter
and coding regions, 12 haplotypes were categorized, and ithe
association between the haplotypes and the mRNA and
protein levels of the receptor was demonstrated, furthermore,
it was shown that the drug response differed depending of the
haplotypes. It was suggested that the combination of multiple
polymorphisms (not an individual polymorphism), namely
haplotypes might determine the individual disease
susceptibility or drug susceptibility.
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Fig.1 Polymorphisms in the 5-lipoxygenase gene and the leukotriene C4 synthase gene
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A) 5lipoxygenase gene and microsatellite polymorphisms in the promoter region: in the 5 upstream region of the 5lipoxygenase
gene, there are 5 repeating Sp-1 (transcription factor) binding motifs (GGGCGG) that are also Egr-1 (transcription factor) binding
motifs (GCGGGGGCEG). There is one insertion -mutation or one or two deletion mutations of the repetitive sequence.
B} Leukotriene C4 synthase gene and promoter polymorphisms: there is an adenine-cytosine substitution at the 444 base
upstream from the translation initiation site of leukotriene C4 synthase. This mutation creates the H4TF2 (transcription factor)
binding motif and this regtilatory factor may positivé}y regulate the transcription of the leukotriene C4 synthase gene.
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Leukotriene receptor antagonist

The leukotriene receptor antagonist alone has both
bronchodilating and anti-inflammatory effects and may be
able to improve airway remodeling. In the asthmatic airway,
cysteinyl leukotrienes (LTC4, LTD4, and LTE4) have various
biological actions that are directly associated with the
pathology of asthma such as constriction of bronchial smooth
muscle, recruitment /activation of eosinophils, and mucous
secretion. Two types of receptors, namely CysLTIR and
CysLT2R have been identified and airway constrigtion,

increased blood vessel permeability, and increased mucous

secretion are mediated by CysLTIR.

The leukotriene receptor antagonist# ought to be
effective in 60 to 70% of bronchial asthma patients. As
candidate genes that determine the response to leukotriene
related drugs, polymorphisms of 5-lipoxygenase gene and
leukotriene C4 synthase gene have been reported by several
groups.

1) 5-lipoxygenase gene polymorphisms

In the promoter region of the 5-lipoxygenase gene, there
are 5 repeating Sp-1 (transcription factor) binding motifs
(GGGCGG) that are also Egr-1 (transcription factor) binding
motifs (GCGGGGGCG) (Fig. 1A). There are microsatellite
polymorphisms with different numbers of repetitions. Deletion
of the GGGCGG sequence results in decreased promoter
activity due to decreased Egr-1 binding, and insertion of the
sequence results in increased promoter activity?™®. In 1998,
Drazen et al. reported that among mild asthma patients who
received 5-lipoxygenase inhibitor (currently not used in
Japan), 52% of the 104 patients with at least one wild type
allele responded to the drug and none of the 10 patients with
no wild type alleles fulfilled the criteria of “responder””

2) Leukotriene C4 synthase gene polymorphisms

The leukotriene C4 synthase gene resides in the long-arm
of chromosome 5 and has an adenine-cytosine substitution
polymorphism at 444 base upstream from the translation
initiation site (A-444C). This substitution creates the binding
motif for a transcription factor, H4TF2. Therefore, this
mutation may positively regulate the transcription of
leukotriene C4 synthase gene (Fig.1B). The frequency of
this gene polymorphism allele is relatively high through the
races (27% in Caucasian and 20% in Japanese). It has been
reported that the leukotriene receptor antagonist improves
respiratory functions better in patients with the mutated

8)-10)

e compared to wild type
mainistered a leukotriene receptor antagonist for 4
‘ 0.bronchial asthma patients (age between 6 and 15)
and ‘investigated the symptom score and urine LTE4. The
symptom scoreishowed a significant decrease after 2 weeks of
administration. However, 3 out of 10 patients (30%) showed no
improvement, which corresponded closely with previous
studies. In the comparison between the group of patients that
showed imprg#ements (responders) and the group of patients
that; did & ow improvements (non-responders), the urine
LTE4 level ‘was higher in -respopders compared to non-
responders. Furthermore, the urine LTE4 level decreased
after 4 weeks of administration of the oral leukotriene receptor
antage‘%st (Fig. 2). It was suggested that the leukotriene
receptor, antagonist worked better in patients with increased
Lampduction. Out of these 10 patients, 3 had leukotriene
C4 synthase gene K-444C allele and they all were responders.

Th2 cytokine suppresso

_;;QIt‘ has “been reported in the type-I allergic reaction "
eiperimental model that Th2 cytokine suppressor suppresses
Ié‘i’E‘% .antibody production, histamine release from mast cells,
and degranulation from the it ) 1

We administered a Th2 ‘cytokme inhibitor in chxldhood
bronchial asthma patients for 8 weeks and investigated the
cytokine production from peripheral blood mononuclear cells
ion. Although the interleukin *

for parameters, including the serum f
eosinophils, and IL-5, and only IFN-y showed a signiﬁcan)
difference. In the investigation of gene polymorphisms and
drug responses, the above-mentioned leukotriene C4 synthase
gene A~444C polymorphism and IL-13 gene leOQ
polymorphism showed significant differences between
responders and non-responders. Patients with wild- type
alleles in leukotriene C4 synthase gene A-444C polymorphism
and/or wild-type alleles in IL-13 gene R110Q polymorphism
tended to be responders. This may be related to the reports
that suggest that CysLT1R expression is modified by IFN-y
and IL-13"". Since in vitro experiments showed that IFN-y
and IL-13 dose~dependently increased CysLT1R expression in
airway smooth muscle cells, it is speculated that IFN-y
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responder BEIZHAT, 55 ORF LTEAEH B A% 52>
fo EHIT, 0 M) 2 EEERERENRGEH O LTEHE
MRS AN TR LT 72 (BE2). CysLT EAEZTL
ETBHMICEREETFEHGEMIE TS IN) L 2E A
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IVESIHBICERE,LOR BRI 5208 E
ENTW5.

NERETHEBREENRIZ Th2H A b4 HIHI 288
M#HS L, BEMBORMIMI I BHRPLOTA AV EEE
AL Th2W A A HSE R MR S i T vy~
A% > (interleukin : IL) 4E A BIIH BLRE AN o
72%%, IFN-y, IL-12i% responder BT, EAEENHRSIZIY
BN AERAASN: (R3). O, miE IgE, iFEEEkE
IL-5%E D85 A~ —% T Pearson OB REE A7248,
A RIS EEDOBICE BEEZRDDDIZ IFN- yOE/LED
ATHoTz. BIEFEHBEER SISOV TOME T, #/
Houfan)y CAEREREET A-444C SRS TL-13:8
{Z-F R110Q % %! 7% responder #, non-responder # TH
BEERRD oM TV CABREBREEET A-444CE
MBIV IL-13EEF RII0Q ZE OB ARIIEERIILL
T Th2Y A b4 VEIGIEED responder B3% W EWIFERTH-
72, ZOZEiE, CysLTIR OFHAIFN-y, IL-131&-TE
T2 ELHELTHBEENHLV?P. 0F, i
vitro OEBRCTE BB HMIZIC IFN- », IL-13%3N3 5L
B, REREMICCysLTIR DR BB T 570,
responder B Ti, Th2¥A M4 Y IIHIBER 5/ O [FN- y &
AR, CysLTIR OFHEAMETLTBY, Th2hA M1
PRI R A THL I e R S5,

BETEEHSFY T —F—2A NiAE

HEFTIC, REXMBEZRLETET UL —ORFEER
BEFELTEHEEMME IgE LTy — (Fee RD) S8 F,
IL-4Lt 79— (IL-4R) el BT, [L-4E15TF, [L-138f=
FREDBETFVEHICHIFONTE EHLETLLVF—
FISRDSS, FEHIHIROFLTHS IFN-y, IL-1212E 4
#HT, YOI MEEROBIRFIZOWTHRELTE.
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F—B MR FEMIIGET HILERA. TLVE B
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BIETEEORELEEST R4 LIRS, SHEIKT7LY
NWE—FUEDI DY RERZ R ETAHHMELTHLA 79
I-~R7FF-THRLETY 28T HEFRRERA(2) IgE
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Fig.5 Allergy susceptibility gene(panel test) diagnosis kit
TLAF—FEE, SENEERCREBERIICL > TRETISZSATREELSNTVS, TUUX-REAGETF/ N IXARER, TO7LALY—FRICHH,D
2BETFHEE Invader® FICLVBRET 3EEFRETH 3. -
Allergic diseases are multifactorial diseases caused by genetic and environmental factors. The allergy susceptibility gene panel test detects gene polymorphisi
associated with a predisposition to allergy using the invader® method.

&

production (therefore CysLTIR expression) is lower in the | Gene diagnosis kit and tailor-made medicine
responder group before Th2 cytokine suppressor

administration, making cytokine modifiers more effective. So far, genes such as high affinity IgE receptor(FceRI)
B -chain gene, IL-4 receptor (IL-4)a ~chain gene, IL~4 gene,
and IL-13 gene have been suggested as disease candidate
genes for bronchial asthma and other allergic diseases. We
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focused on IFN-y and IL-12, which play pivotal roles in the
suppressive system in allergic reactions and searched for
genes related to the signal transduction.

Based on reports from all over the world including the
above-mentioned results, we tried to genetically re-categorize
allergy. Fig. 4 illustrates reports on genetic abnormalities in
the pathway from allergen invasion to various allergic
symptoms. There are 4 factors for categorization;(1) antigen
recognition site of the HLA class II -peptide-T cell receptor
as a determinant of antigen specificity in allergic reactions, (2)
B cell response in IgE production, (3) mediator production, and
(4) target organs. There is a great inter-individual variation
in the pathoetiology of allergy. Since rapid and precise assay
is necessary to apply gene polymorphisms to clinical
treatment/diagnosis, in other words, to provide tailor-made
medicine, an allergy gene diagnosis kit using an invader assay
was developed(Fig.5). In future studies, it is necessary to
elucidate usefullness of these polymorphisms for the Tailor-
made medicine in allergic diseases.
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