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<Review>

Application of genetic information to anti - allergic drug

research

Hiroichi NAGAI, phD

<Abstract> The purpose of this review is to summarize r ecent advances in the research
ongenestudiesrelatedtoanti -allergicdrugs.Gene ticinfo rmation onanti -allergicdrug s
is classified into two categories. Oneistoinvestigate disease related gene s inorder

to discovernewtargetmolecule s for the developmentofnewanti -allergicdrug s.Theother
typeof researchistostudythe susceptibilit yofgenesto betterunderstand the genetic
background implicating individual drug response.

Regarding the genes related to disease onset or development |, many different kinds of
candidate genes are proposed because of the participation of several differen ttypes of
cells and molecules in allergic inflammation. Major candidate genes are associated with
immune and inflammatory responses, for example, cytokines, autacoids, major
histocompatibility antigen (MHC) class Il molecule, immunoglobulin E (IgE) and ot hers.
Most of them are located on relatively selective chromosomal regions. They must be
including an important target molecule for a development of new drugs.

Whilemuchefforthasbeenpaid  attemptingtocurethe patientswhohavevariousallergic
diseases, issues related to drug therapy ha ve notyet been completely resolved because
of significant between - person variability. A large number of genome - wide association
studies have been performed to optimize medicationforindividual patientstoimprove an d
to avoid adverse effects (drug susceptibility genes). Novel genetic variations in

beta2- adreno receptor gene (Argl6Gly) are closely related to the desensitization of
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beta2- adreno receptor in chronic use of beta2 bronchodilators. Corticotrophin releasing
hormone receptor 1 gene (GG>Gt) and TBX21 encode for T -bet gene (His33Glu) are potent

markers of inhaled corticosteroid efficacy. The variations of leukotriene (LT) pathway

genes, for example LTC4 synthetase gene (G444 >A444), are associated with the effic acy
of LT modifiers and a certain kind of bronchodilator.
Thisreviewwillprovide anoverviewofrecentadvancesingeneresearchon anti - allergic

drugsinordertoproducenew erandmore potentdrug s andtopredicttherapeuticresponse S

and adverse effe cts in drug therapy for allerg ic diseases.

Keywords : drug susceptibility gene, SNPs, anti - allergic drug, asthma , Onzin

Introduction and background
Allergic diseases, including bronchial asthma, allergic rh inoconjuctivis  and atopic

dermatitis, have  becomewidespread throughout the world . A significant amount of
research is currently focused on explaining the mechanism of allergic disorders and
therapeutics “*”. The conceptof allergic disease has changed much during the past decade
duetothe e xtensive amount of data gained from the results of current research. Muchof
the clinical and basic research indicates that most allergic diseases develop via a
mechanismofallergicinflammation. Thismeansthattheallergyisbasedonaninflammatory
response. Based onthese paststudies ,the maintherapy for allergic diseases is focus ed

on using anti -inflammatory agents such as glucocorticoids ~ #19,
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Table 1 The process of Type | allergic reaction and possible remedy for each process

As shown in Table 1, allergic inflammation is initiated by the activation of adoptive
immune response. Thisadoptiveimmune systemis Th2 polarized response affected by innate
immunesystemincludingnaturalkillerT (NKT)cells,myeloiddendriticcellsandtoll -like
receptor. Theallergicimmuneresponseresultsfromallergenimpactonthe mucosalsurface.
Whole allergen is taken up by antigen - presenting cells and peptides are presentedto T
cells, resulting in T cell activation and elaboration of cytokines. This is the onset of
immune response to produce immunoglobulin. In most allergic reactions, immunog| obulinE
(IgE)ispro duced, which is fixed to the mast cell through Fc + « receptor. Cross-linking
ofallergen -specificlgE leadstherelease of histamine, LTs and prostaglandin D2 (PGD?2)
frommastcells. Thesechemicalmediatorsintroduceimmediatephasereactionsuchasairway
smooth muscle contraction, sneezing and itching in the tissues. Interleukin -4 (IL -4),
IL - 13 and other mediators including chemokines are generated and released almost 3to 12
hours afterthe antigen - antibody combination. Chemokines attract the eosinophils tothe
allergic lesion. Eosinophil recruitment leads to the release of toxic proteins and
mediators, protease and LTs, causing edema and epithelial celldamage. Tissue remodeling
followswhenthe repair ing of thedamagedtissue occurs.Weclassifiedthisc hainreaction
into 3 stages. The first step is the I immune responsestageA t he seconthk one i s

Finfl ammatory r esapdihetagisthd agefidlssue reaction stageA.
Fromthisbasicconcept,currenttherapeuticapproachesarefocusedonthe prophyl actic

treatmentofallergicreaction andrapidrelief of symptoms 1719 The former, prophylactic

therapeutics are call ed T cornherpeldtdtser &4 Bndl it heed .aht el



Topical glucocorticoid is a typical controller while bronchodilators and antih istamines

are typical relievers as indicated in Table 1
Generally Tcontroll erA aff ect dnthedllergidpiocesst .and secon
The Trel i evehasamafechon third stage. Many international committees

incorporated the concept regardi ng I controller and reliever A into their original
guideline formanagementofallergicdiseases.Mostnationalandinternational guideline s
advocate a stepwise increase of both drugs in disease therapy, depending on the assumed
severity of disease. Qurrent available therapy is almost effective, but it is important

to consider the convenience

ofuseandthe potential side effects. Therefore moderntherapyaimsto establishmedicine
that is more personalized and tailored to the individual patients.

From the a bove mentioned background, utilization of information from genetic research
is valuable in the development of new anti - allergic drugs and personalized medication of
allergic diseases. | n 2001, human genomewhole draft sequences have been reported in
FNateuy and T Sc®3e nTheeedre, with this new field of research, genetic
informationis  nowmorereadily available for applicationinto the researchin avariety

of medical fields, including pharmacology

Table 2 The classification of anti-allergic drugs (anti-asthma drug)

Classification Medication Drugs
Controllers

1. Taken daily on a long-term basis 1. Inhaled glucocorticoids
2. Prophylactic and preventive medication 2. Anti-allergicagents

Anti-histamine,
Leukotriene inhibitor,
Thromboxane A2 inhibitor,
Th2 cytokine inhibitor,
Mast cell stabilizer, etc.

Relievers
1. Taken on demand 1. Rapid-actinginhaled
2. Quick relief for the severe symptoms [32- agonists
2. Systemic glucocorticoids
3. Anti-cholinergics
4. Methylxanthines
This review will also focus onthe genetic inf ormation onanti -allergicdrugs related

to the discovery of new  drugs and to the use these drugs both effectively and safely.

Disease related genes (Animal model)
Therearemanytechniguestostudythegeneexpressioninmedicalfield s.DNA:- microarray
techniquesarewidelyusedforquantitativemeasurementofthegeneexpressioninthecells
ortissues 2*2% By DNA- microarray method, the expressionis monitored simultaneously and

expression profiles canbe compared in differentsample s.However, differentinformation



willbe obtainedby utilizingdifferenttimeinterval s,treatment s,celltype s andothers.
Another potential me thod to identify and analyze altered gene expression at RNA levelis

the differential display method. The concept of differential

display is to use a limited number of short arbitrary primers in combination with the

anchored oligo - dT primers to systemical Iy amplify and visualize most of the mRNA in the

cells. Contrary to DNA microarray, differential display detects changes in mRNA profiles
amongmultiple sampleswithoutany priorknowledge ofgenomicinformationabout the sample

to be tested.

Table 3 Allergic disease related gene and their location

Description Chromosome Description Chromosome

1) Cytokine, chemokine, adhesionmolecule

Vascularcell adhesion protein (1p21) Transforming growth factor beta 2
IL 1 receptor (2q11) IL-8receptor (CXCR1)

L8 (4¢13) IL'5

IL-4 5q23) IL-13

IL-9 (5q31) Tumor necrosis factor alfa

L6 (7p15) Epitherial growth factor receptor
IL-22 (12q15) Interferon gamma

CCL2, MCP1 (17q12) CCL7MCP7

Transforming growth factor beta (19q13) CC chemokine receptor 1

2) Prostaglandin (P(G) and other autacoids

PGE receptor 3 (1¢31) PGE synthetase (Tq34)
PGD2 receptor (DP) (11q) PGE receptor 2 (14q22)
Avachudonate 15 lipoxygenase (17913 PGE receptor 1 (19q13)
PGE2 9reductase (21q22)

Adenosine A3 receptor (1p13) Adenosin Alreceptor (1p13)
beta-2 adrenergic receptor (5q32) Muein 2 (11q15)

3)Enzymes

Dipeptidylpeptidase 101soform 1 (2q14) Aminopeptidase

Serine protease inthibitor Kazal (5932) Glutation peroxydase

Arginase (6p23) Super oxide dismutase 2

plasminogenactivator inhibitor (7q22) Nitric oxyde synthetase (eNOS)

Nitric oxyde synthetase (nNOS) (12¢24) Arginase IT (14924)
alfal anti'trypsin (14932) Nitric oxyde synthetase (INOS) (17q11)
ADAMS33 (20p13) TIMP 1 (Xq11)
4)MHC

CD14 (5q31) HLA-G (6p21)
5) gk

High affinity IgE receptor beta (11g12.1) Low affinity IgE receptor(CD23) (19p13)

6) Transcriptional factor and others

Pim1-oncogene (69q21) Peroxysome assembly factor (6921)
T cell receptor gamma (Tp14) Vitamine D3 receptor (12q13)
STATG6 (12q13) kit ligand (12q21)

Employing these methods, many researchers started studies how genes are related to
allergic disease in animal models. Zimmerman and ceworkers??® carried out a gene
expressionstudy by employing experimentalasthmain mice. Theystudiedtherole of 12 , 422
genes and found that 291 genes were commonly involved in disease pathogenesis after
exposuretoseveral differentantigens. Finally, they reported the over expression of the
gene encoded the molecules involved in arginine metabolism and importance of
arginine -arginase balance. Zou etal * reported the results from microarray assay study

(40,000 genes) in the monkey allergic asthma model. Gene expression was evaluated after



inhalationofAscarissuumantigenoriL -4. 149genesweredifferentiallyexpressed4hours
after the antigen or IL -4 challenge. They classified 5 gene clusters that comprise
pulmonary and activation related chemokines, vascular cell adhesion molecule 1 (VCAM1),

IL -4 inducible genes (MCP1, MCP3, eotaxin), tissue remodeling factors , tissueinhibi tor
of metallo -proteinase 1 (TIMP1), plasminogen activator inhibitor 1(PAI -1), chitinase
protection from damage by proteolytic enzymes, and several anti - oxdants (SOD).

In addition to the above research, myself and others have also studied allergyrelate d
genesandgeneclusters inanimalmodels **“?. Mostgenes are considered to be contributed
tothesusceptibilityratherthan necessity ofthedisease. AsshowninTable 3, thestudied
geneshavebeensummarized.Mostof the genesareencodedcytokines, chemokines,autacoids
including arachidonate, enzymes, MHC class Il, IgE, intracellular signal transduction
moleculesandothers. Themain candidate genesstudied havefocusedonadoptiveandinnate
immuneresponsesandinflammatoryresponserelatedgenes.  Itisveryraretoconsiderthat
asingle gene might affect the susceptibility to a specific  allergic disorder, and the
gene complex might work together to produce  this disease state.

Table 4 shows our differential display data on gene expression of the s kin from mice
dermatitismodel. All experimentswereundertaken basedon theguidelines set forthecare
anduseofexperimentalanimals by theJapaneseAssociationforLaboratory Animals Science
in1987. Theintensity of MRNA expression is compared betwee nnormal site and dermatitis
|l esion as indicated in ITintensity columnA. When pr
alteration of this intensity ratio is indicated in T
ofU - 16959, FK-506 bindingprotein(FK  -BP)5genein alle rgic skinlesionincreasedalmost
964timesmore than whencomparedtothe normalsite.However,thisincreaseisnotaffected
bytheadministration of prednisolone. Thismeansthat the Fk BP5geneplaysanimportant
role for the onset of disease, but it is difficult to suppress the activation by a drug.

On the other hand , the intensity ratio of AJO05567 gene increases almost 882 times and

thisincreaseisinhibitedby prednisolone. This indicates that the AJO05567genamayplay
a role for the onset of ato pic dermatitis and is a target molecule for newanti -allergic
drugs.



Table4 Alteration of gene expressioninthe skinlesion of atopic dermatitis model

I nmice
(tene Intensity Inhibition
(Ag/Nor) (Pre/Sal)
1) U126959 FIX-506 binding protein 5 9G4.4 1.34
2) AJOOBEGT Ctene for small prolinrechi protein 21 8825 0.13
3)M34815 Small inducible cytokine B subfamily 104.1 0.5
(Cys-X-Cys) member O
Interferon stimulated protein 0.36
Interferon induced protein with 0.3
tetratricopeptide repeat 1
Small inducible cytokine B subfamily 0.65
CRO1 oncogene 0.46
ligp-pending interferon inducible 0.59
GTPase
9)D44456 Proteosomel(prosome, macropein) 19.1 042
subunit b-type 9
10) Me6: interferon g-inducible protein 17.9 0.23
11) AJO Gitpil-pending interferon g-inducible 13.7 0.62
GTPase
12) AJOO5559 Musculus SPRR2ZA 12.4
13) AWO047479 CGuanylate nucleotide binding protein 3 11.8
3¢ 5830413Ric RIKEN cDNA 11.1
D) Musculus SPRR2B 11.1
interferon regulatory factor 1 10.8
Muscluus SPRRZE 10.8
CGhuanylate nucleotide binding protein 1 9.6
19T 20 ATP binding cassette, subfamily B member 9.6
20) M196G81 Mouse platelet derived growth factor 9.4
inducible protein
SAM domen and HD domein 8.2 0.72
Musculis transcription factor jun B gene 7.2 0.14
Interferon inducible protein 1 7.1 0.51
24) AASG1G121 ESTs elkly similarto B chain B 7.1 0.65
erystal stryeture of human APT1 0.87
25) AV160842 Nuclearreceptor subfamily 1 group H G.8 0.65

member 2

From the data of repeated experiments, we focused on candidate genes which may play a
role for the onset of disease and can be suppressed by anti - allergic drug. Onzin gene is
one of the pathological applicant genes for the onset of atopic d ermatitis . Onzin isa
small, cysteine -rich peptide of unique structure and plays an important role in innate
immuity. ltusually expresses athighlevelsinepithelial cells of theintestinaltract,
thelung,andin  the immunplogicalcells includingmacrophagesandgranulocytes. InFigure
1, the Onzin gene expression increased in proportion to the number of stimulation with
antigen.ltisimportanttonotethisincreaseisclearlysuppressedbyprednisolone. T hese
data suggest
the importance of Onzin as a potent pathological molecule  causing an allergic disorder
sowe decidedtostartresearchregarding ne wanti -allergic drugsandthe affectthey may
have on Onzin. V¢ have notobtained enough data to make any conclusions at this pointand
therefore cannot reporteitherpositivelyornegativelyregardingtheaffectofnewdrugs.

We are expectingtoreport  positive data and the subsequent results in the near future.
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Onzin mRNA expression in mice treated with DNFB repeatedly

Figure1ThealterationofonzinmRNAintheskinlesion of mice atopicdermatitismodel

Prostaglandin D2 (PGD2) receptor genes
Among disease related genes as described above, we investigat edthe importance of PGD2
receptorgenes.ThereisanabundanceofresearchrelatedtotheroleofPGD2in theallergic

reaction because PGD?2 is the main arachidonate product by mast cells during allergic

reaction. However the role of PGD2 in allergic infl ammation has not yet been clarified.
Thus weinvestigatedtheroleofPGD2inallergicinflammationbyemploying PGD2receptor,
DP

(PTGDR)yene deficient  mice™.

Consequently, wedemonstrated thatPGD2plays aroleinanallergicasthmaasamediator.
Qurresultsaresummarizedin ~ Table5.Wefoundthatthe  sensitizationandaerosolchallenge
of the homozygous mutant DP gene deficient mice with ovalb umininduced increases in the
serum concentration of IgE similar to those in wild -type mice subjectedtoth  is model of
allergicasthma.However,theconcentrationof Th2cytokines(IL -4andIL -5)andtheextent
of lymphocyte accumulation in the antigen challenged lung of DP gene deficient mice ,
significantly decreased when compared to those inwild -type mice. D P genedeficientmice
showed only marginal infiltration of eosinophils and failed to develop airway
hyperreactivity .Thus,PGD2functionsasamastcellderivedmediator,totriggerasthmatic

responses.



Table 5 The role of PGD2 in experimental asthmatic responses in mice

Treatment Eosinophils Th2 cytokine Chemolkine AHR
in BALF in BALF in BALF

DP gene deficient 1l I ND I

L-PGDS gene over expression 11 M 11 (eotaxain) ND

Inhalation of PGD2 il il 11 (MDC) N

11, Increase when compared to control: || , Decrease when compared to control; ND, Not
done; BALF, Broncho alveolarlavage fluid:

AHR, Airway hyperresponsiveness; PGDS, Prostaglandin D2 synthetase; MDC,
Macrophase derived chemokine.

As indicated in Table 5 , Fujitani  eta/ . “? confi rmed the role of PGD2 in allergic
inflammation by employing PGD2 synthetase gene over -expressed mice. The overproduction
of PGD2 causes an increase in the levels of Th2 cytokines and chemokines, accompanied by
the enhanced accumulation ofeosinophilsandl ymphocytesinthelung.  Ourfindingsconcur
withtheresults  ofFujitani  eral/ *® andbothstudies indicatethatPGD2playsanimportant
role for the accumulation of eosinophils into allergic lesion. Moreover, Honda etal . ®
r evealed the mechanism of PGD2 induced eosinophil infiltration. They have described the
mediation of macrophage - derived chemokine from airway epithelial cells for PGD2 inducing
local eosinophilia.

From the clinical point of view, extensive efforts have been made to elucidate the role
of PGD2 in humanallergic diseases . Whereas adequate data are not yet forthcoming  , some
research suggeststhatthereis acloserelationship betweenthe onsetofallergicasthma
and polymorphismofhaematopoieticPGD2synthetase gene, DPgene®*® and ot hergenes*”%?.
These data suggest an important role of PGD2 in human allergic diseases and will be

discussed in the following section.

Allergy related genes (Clinical study)

Therearemanyclinicalstudiesongenevariantsonsusceptibilitytoallergicdiseases.
Table 6 is a listof novel candidate genes identified by clinical studies. The mostwell
knownrapplicantisadistintegrinand metalloprotease 33(ADAM33)geneonchromosome20q13.
This gene has been reported as a susceptibility gene for asthma by STHolgate era/ *2.
CGase- controland460familybasedassociationstudieshave mostlyconfirmedalinkbetween
ADAM 33andasthma. hieyalsosuggesttheinvolvementofthisgeneinthestructuralairway
components of asthma and COPD, like airway remodeling. These data indicate that ADAM 33
genetic alternation could possibl y contribute to the establishment and progression of

allergicai  rway diseases, although their association to clinical phenotypes has not yet



been classified.

Table 6 Novel candidate human genes associated with the susceptibility
of allergic diseases

ADAM33 (A disintegrin and metalloprotease 33) 20p13
DPP10(Dipeptidyl-peptidase 10)  2q14

PHF11(PHD finger protein 11) ~ 13q4

PTGDR (Prostaglandin D, receptor)  11q

HLA-G (Human lymphoeyte antigen (G) 6p2l

TNF (Tumor necrosis factor) a 6p21

GPRA(G-protein coupled receptor for asthma susceptibility) 7q14

DPP10 gene is located on chromosome 2ql4. DPP10 is non-enzyme members of

dipeptidyl - peptidaselVfamilywhichincludesfibroblastactivation proteinand criti cal
componentsofvoltage ‘Ejatepotassiumchannels. Themajorfunctionofthisgene isto encode
various proteins which inhibit the activation of cytokines, chemokines and LTs.

Adcok etal *¥ reportedthatthe m utations inthis gene have been associated wi thasthma.
PHF 11 is a transcriptional co - activator of the Th1l effecter cytokines genes, IL -2 and
IFN- -, co- operating with nuclear factor kappa - B (NF kappa B). This gene is located on

chromosome 13g4nd has been reported as a  susceptibility  gene to allerg ic asthma %*%9.
Zhangetal *® andJang eta/ ® identified an association of PHF11 gene with elevated IgE

andatopicasthmaanddermatitis. Theregion is centeredonthePHF11lgeneand the extended
two flanking genes, SETDB2 and RCBTB1. They identified three SNPs having independent

effectsand athree markerhaplotype showing consistentassociationin otherthree sample

sets.
PTGDR gene is located on the long (q) arm of chromosome 14 at position 22.1. Gaetic
association studies have shown a positive | inkage of the genetic polymorphisms in DP and

another PGD2 receptor on Th2 cells, = CRTH2, with asthma phenotypes from specific ethnic
backgrounds “+%?, Miltiple whole - genome linkage analyses have suggested the presence of
an asthma relatedregion onPTGDRene In Europeansand African - Americans, carriers of
the C allele of T  -549C, or of the T allele of C -441T, were at higher risk of asthma.
Furthermore,asignificantassociationbetween promoter SNPsand susceptibilitytoasthma
is reported.  The carriers  of the haplotype with lower promoter activity were less
susceptibletoasthma. Thisisconfirmed inthreedifferentCaucasianpopulations,inSpain,
the UK, and the Netherlands  but not in Japanese, Han Chinese, or Hispanics . Above data
related to PGD2 gene sindicate the existence of marked differences of susceptibility to
allergic asthma  among ethnic groups.

The humanMHGntigen genes and many other genes on chromosome 6p21 play an important

role in the regulation of human immune response. The 6p21 regi on shows strong linkage
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toatopicphenotypeinmanystudiesanditisconsideredamajorlocusinfluencingallergic
diseases®* ), Nicolae eral ® described the association of human lymphocyte antigen G
(HLA G)oneof the novel MHCwith inthree populatio  ns. Theyreported the associationwith
HLAG gene and bronchialasthma (airway hype rreactivity) susceptibility from experiments
employing 4 independent samples. By the positional cloning approachtheyidentified gene
polymorphism (-994A/G) associated with asthma in two samples. They also reported a
differential association of all eles with childhood disease on the basis of the maternal
affectionstatus. The - 964GGgenotypewasassociatedwithasthmaamongchildrenofmothers
withairway hyperreactivity, wher easthe -964AAgenotypewasassociatedwithasthmaamong
children of mothers with negative hyperreactivity affection status. Thus the
susceptibilityforasthmalinkedto6p21 complex( in cludingtumornecrosisfactor - - gene)
and may be influenced by maternal factors.

G protein coupled receptor for asthma susceptibility (GPRA) is the orphan G pro tein
coupled receptor gene a 20cM region on chromosome 7p14 - p15. GPRA geneis associated with
IgE elevationinbronchialast hmapopulationinFinnishandFrench - Canadianfamilies.Some
single nucleotide polymorphisms (SNPs) and several haplotype in the region of 70Kb are
found to be associated with elevated IgE levels, clinical asthma and atopy 6466) Atleast
one haplotype was observed to be associated with elevated IgE levels in each population.

Geneidentification analyses indicated several chromosomal regions and genes involved
in the causation and progression of allergic diseases. The most important thing is how

toutili  ze above obtainedinformationforthediagnosisandtherapyofallergicdisorders.

< Drug susceptibility related genes >
AbeneficialresultsofHumanGenomeProjectisthediscoveryofmillionsofDNAsequence
variantsinthehumangenome,for  example SNPs.SNPsareaDNAsequencevariation occurring
when a single nucleotide (A, T, Gand C) in the genome differs between member of species
or paired chromosome in an individual. SNPs can affect how humans develop diseases and
respond to drugs, the refore SNPs polymorphisms are thought to be key enablers in
development of personalized medicine "™, Asindicated in Figure 2, SNPs may fall within
cording sequence of genes, non -cording regions of genes, or intergenic regions between
genes. One of the s trongest applications of common variant research is related to the
individual drug responsibility. Data obtained from clinical studies indicateth at the
existence of responder and non -responder to some kind of anti - allergic drugs in
pharmacotherapy. These studiesoffer  the potentialto optimize medication forindividual
patients by using genetic information to improve efficacy or to avoid adverse e ffects.

Because of the large number of patients, recentpharmacogenomicstud  ies onanti -allergic
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drugs are mainly focused on the therapy of bronchial asthma.

ﬁ Chromosome
(almost 100Mb)
r 1
—_—
(Gene repetition
T ! 1gene
— = Almost
20-30Kb
AAA A A A A A AA A A A A A

Existence of more than 10 SNPs in one gene

+ Single nucleotide polymorphism(SNP)

* SNP is a sequence variation occurring when a single nucleotide —A,T,C or G-
in the genome differs between members of a spices or paired chromosome
in an individual.

Figure 2 Single nucleotide polymorphism (SNP)

Regarding theinformationon  Table6, gene variations ofthe beta2 adrenergicreceptor
(B2AR) are important for modulating responses tothe therapy of allergicasthma 270 SNPs
at amino acid position 16 and 27 are the most common and have been shown to be the most
functionally relevant. A change at base 46 from adenine to guanine causes glycine (Gly),
ratherthan arginine (Arg) toappear asan aminoacid position 16 in B2AR genes. Arg16Gly
is associated with  increased repression of gene transcription and decreased amount of
receptorsonthecellsurf ace’. The Glyvariantisassociated with severeasthma ™ w hich
has been confirmed by meta - analysis summarizing the results of 28 association studies in
allergic asthma ™. The influence ofth  ese SNPs on tachyphylaxis after chronic exposure
to beta2 - agonists suggests that the Gly variant is more susceptible than Arg variant t o]
receptordesensitization . AsforGIn/Gl y polymorphism, the Glyvariantisassociatedwith
a4’Hold decrease inairway hypersensitivity in methacholine response andmaybeafactor
protecting against receptor desensitization 617,

In the caseofinhaledcorticosteroidsforthe treatmentofasthma, arecent study using

traditional SNP - based approach identified a gene for corticotrophinreleasing hormone
receptor 1 (CRHR 1) asap otential marker of response "8V, Weiss eta/ ) genotyped 131
SNPsin 14 candidate gene s in steroid pathway in an 8 week clinical trial of 480 adults
with moderate and severe asthma . They expanded the research to another two asthmatic

patient populatio ns. An important result of the study was that they identified the
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association of CRHR1 gene SNPs and improved lung function in response to inhaled

glucocorticoid efficacy.

Inaddition to CRHR1,Tantisira eta/ ° reportedanotherapplicantgene, TBX21, toaffect
the efficacy of inhaled glucocorticoids. TBX21 encodes for the transcriptional factor
T-bet (T box expressed in T cells) which influences na
inasthmapathogenesis. Theydemonstratedthatno synonymousvarian  tin TBX21 cording for
replacement of histidine 33 with glutamine is associate d with significantimprovementin
the PC20 (a measure of airway responsiveness) of asthmatic children in a large 4 year

clinical study. Whereast  he improvement was observed onl y in children  in above report,

recent studies indicate that TBX21 has a role in adult cases 889,
In addition to inhaled steroids, other potential contribution s of pharmacogenomics
to the treatmentin allergic diseases comes from the studies on LT modifi ers® 9 LTsare

nowestablishedpathologicalmediatorsininflammatory processofasthma,andLTmodifiers

are mainstaysin pharmacotherapy of asthma. The association studies implicating the role

of LT pathway gene are mainly carried out to search for the relation between asthma
pathogenesis and treatment response. Here we focused on the gene which has arole in the
susceptibility to drug treatment. Two classes LT modifiers, LT receptor antagonists and

5- lipoxygenase inhibitors exist. The susceptibility of both these two modifiers are
closelyrelatedto SNPsincluding arachidonate 5lipoxygenase (ALOX5)rs21158191and ATP
bindingcassettesub - familymember1(ABCC1)rs119774.Thesegenevariationsareassociated
with longitudinal FEV1 in response to Zailt uton (ALOXS5 inhibitor) and Montelukast
(cystenyl -LT receptor 1 antagonist). Moreover A/C polymorphism of LTC4 synthetase
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