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Pharmacogenetics of asthma

I.P. Hall

Clinicians are always struck by the marked disparity in
treatment response between individuals with a given dis-
ease of a particular severity. There are many explanations
for variability in treatment response and these can be split
up into defined categories (table 1). This perspective deals
with the genetic factors which may potentially play a role
in determining treatment response in patients with asthma.

The study of pharmacogenetics is in its infancy. How-
ever, the idea that genetic factors may be important in
determining treatment response to a given drug is not new.
The best examples of pharmacogenetic factors influencing
drug treatment response relate to drug metabolizing enzy-
mes. For example, individuals carrying particular cyto-
chrome P4502D6 alleles show altered metabolism of
several clinically important drugs including nortryptylline
and the clinical effectiveness (and incidence of side effects)
on treatment is largely determined by genotype. Other
examples include the role of P4502C9 alleles in warfarin
metabolism and cytochrome P4502A6 alleles in nicotine
dependence [1-4]. The magnitude of effect of these gen-
etic variants is considerable. Indeed a case could probably
be made on pharmacoeconomic grounds for routine screen-
ing of individuals before commencing isoniazid therapy
(especially in racial groups with a high prevalence of the
slow metabolizer status). Interestingly, a deoxyribonucleic
acid (DNA) chip is already marketed in the USA and
Scandinavia for genotyping of cytochrome P450 alleles.

Few agents used in the treatment of asthma have critical
metabolic pathways for which genetic variants control
drug levels. However, attention has recently focused on the
possibility that the response to a given agent at the cell
level may be determined by genetic variants of the target
protein. Polymorphism within genes within the human gen-
ome is common. In general ~1 in 1,000 base pairs within
coding regions are polymorphic, although because of re-
dundancy in the amino acid coding system not all single
nucleotide polymorphisms (SNPs) result in an amino acid
change in the relevant protein. The rate of polymorphic
variation also varies at different loci, with some genes hav-
ing much higher levels of polymorphism. A recent screen
of candidate genes for hypertension suggested the majority
contained at least one SNP [5]. A comprehensive screen of
genes likely to be important in determining asthma treat-
ment response has not been performed, although the au-
thor’s group and others have been systematically looking
at the genes coding for primary targets, searching for
polymorphic variation. However, it is important to realize
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that most polymorphisms are likely to have no major
functional effects, and so before searching for clinical asso-
ciations between a given polymorphism and a treatment
end-point, it is essential to assess the potential functional
effects of the polymorphism in question. A summary of the
main variants in asthma treatment response genes which
have been identified, to date is shown in table 2.

For a polymorphic variant to be important in determining
treatment response at the population level it must be rea-
sonably common. A good example of a rare polymorphism
which may be important, but only in occasional individ-
uals, is the threonine-isoleucine (Thr-Tle) 164 3,-adrenocep-
tor polymorphism. In vitro functional studies in recombinant
cell systems have demonstrated that the isoleucine 164 [3,-
adrenoceptor variant shows markedly reduced coupling to
catechol ligands and it could be predicted that individuals
homozygous for this variant (all individuals carry two
copies of the P,-adrenoceptor gene which is situated on
chromosome 5q) would show a markedly reduced response
to many [,-agonists [15]. However, the allelic frequency
of this polymorphism in the Caucasian population is only
~3% and to date the author’s group have not identified a
homozygous individual. In contrast the arginine-glycine
(Arg-Gly)16 polymorphism in the B,-adrenoceptor is com-
mon in the general population [9]. The glycine 16 form of
the receptor in vitro demonstrated increased down regu-
lation following agonist exposure [16] and two clinical
studies have suggested that individuals homozygous for
the glycine 16 variant of the B,-adrenoceptor show redu-
ced treatment response following either acute or chronic
exposure to B,-agonists [7, 17]. The magnitude of effect
in these studies was relatively small and other studies
have shown no association of this polymorphism with
fatal asthma or long term deterioration on P,-agonists
[18]. The key question as to whether individuals homo-
zygous for the glycine-16 variant of the ,-adrenoceptor
show reduced responsiveness to long acting [3,-agonist
remains to be fully assessed. If indeed reduced responses

Table 1. — Some factors affecting treatment response

Disease specific

Disease severity

Disease subtype (e.g. aspirin-sensitive asthma)
Compliance

Individual factors

Genetic

Intercurrent illness

Other medication

Environmental exposures

Age
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Table 2. — Asthma treatment target gene polymorphisms

Gene Polymorphism Clinically relevant

[,-adrenoceptor Arg-Gly 16 Yes
GlIn-Glu 27 Uncertain
Thr-Ile 164 Yes

-47 C-T No

H, receptor Gln 356 No

M, receptor +1696 T-A Unlikely

M; receptor Not known Not known

5-LO Alleles 1-5 ?Yes

LTD4R Not known Not known

GR Asn 363-Ser -

PDE IV A-D Several Not known

Arg: arginine; Gly: glycine; Gln: glutamine; Glu: glutamic acid;
Thr: threonine; Ile: isoleucine; Asn: asparagine; Ser: serine; C:
cytosine; T: thymidine; H; receptor: histamine type 1 receptor;
M, receptor: muscarinic type 2 receptor; A: adenine; M; recep-
tor: muscarinic type 3 receptor; 5-LO: 5-lipoxygenase; LTD4R:
leukotriene D, receptor; GR: glucocorticoid receptor; PDE IV
A-D: phosphodiesterase type 4 isozyme family, forms A-D. See
references [6-14].

in these individuals were found, a pharmacoeconomic
evaluation would need to be performed to see whether
alternative treatments appropriate for such patients at
steps 3—4 of the British Thoracic Society Asthma Treat-
ment Guidelines (e.g. high dose inhaled steroid, theo-
phylline) [19] should be given before long acting [,-
agonists and to determine whether or not the costs of gen-
etic screening would be worthwhile to assist in decision
making.

The other good example of genetic variants apparently
determining treatment response is in the 5-lipoxygenase
gene. The level of 5-lipoxygenase activity will in part
determine the level of bronchoconstrictor leukotrienes
(LTC-4, LTD-4) present in the airways [20]. Transcrip-
tional activity of the 5-lipoxygenase gene appears in part
to be dependent on transcription factor binding to a site
upstream of the gene which shows genetic variation with
individuals having between 3—6 tandem repeats of the
transcription factor Sp-1 binding motif GGGCGG [12]. A
recent study suggested individuals who would be predic-
ted to have low transcriptional activity of the gene be-
cause of different alleles at this site (the wild type having
five copies) showed reduced clinical response to the 5-
lipoxygenase inhibitor ABT-761 [21]. Whether or not this
polymorphism may also affect treatment response to the
cysteine (Cys) leukotriene receptor antagonists montelu-
kast and zafirlukast remains to be determined.

The author has also recently screened the muscarinic M,
receptor gene [ 14] and the histamine H, receptor gene [11]
looking for functionally relevant polymorphic variation.
However, at least using single-stranded conformational
polymorphism analysis-based methods, the author was
unable to detect polymorphisms which altered the amino
acid sequence of the receptor despite screening reason-
ably large numbers of individuals (n=20-50). The H;
receptor does contain a relatively rare degenerate poly-
morphism at amino acid 356 (glutamine) but this is un-
likely to be functionally relevant. Likewise, studies on the
glucocorticoid receptor have so far failed to reveal signi-
ficant variation leading to loss of function, although this is
obviously an attractive candidate in view of the recognition

that steroid responsiveness varies markedly between
asthmatic individuals [13]. Finally, the author has recently
been examining polymorphic variation in the phospho-
diesterase type 4 isoform family [22]. Database searches
suggest that polymorphic variants do exist in this gene
family although the potential functional relevance of these
polymorphisms remains to be determined. Because there
are several different phosphodiesterase type 4 family mem-
bers, and also splice variants of the different genes, eval-
uating the significance of polymorphisms in this gene
family will be difficult.

In summary therefore it is clear that genes whose pro-
ducts are important targets for asthma treatment contain
functionally relevant polymorphisms. In general the magni-
tude of any functional effect of these polymorphisms is
smaller than for established polymorphisms in, for example,
hepatic drug metabolizing pathways. Advances in chip
technology have made large scale genetic screening of in-
dividuals for given polymorphisms easy to perform but no
adequate studies on the cost effectiveness of this approach
have been carried out to date. For such studies to proceed, an
adequate assessment of the contribution of a given poly-
morphism to variability in response to a given drug needs to
be made, and this is the challenge for asthma pharmaco-
genetic studies in the next few years. The possibility that
pharmacogenetic factors may influence treatment response
is particularly important in small phase II studies because ifa
small group contains by chance an excess of individuals with
one particular genotype which affects treatment response it
would be easy to either overestimate or underestimate the
efficacy of the compound being studied. In addition the
possibility that genetic variation may be important in de-
termining the magnitude of treatment response has impli-
cations for the drug licencing process in that it is likely that
regulatory bodies will need to be reassured that novel com-
pounds coming to the market have been assessed in an
appropriate population in terms of genetic variability.
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