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Summary
Background Mast cell chymase has the potential to be an important mediator of inflammation and

remodelling in the asthmatic lung. Previous studies have examined association between promoter

polymorphism of the chymase gene (CMA1) and allergic phenotypes but the significance of this

polymorphism is unclear. We have examined association of a CMA1 variant in relation to asthma in

a large UK Caucasian family cohort.

Methods A polymorphism of the CMA1 gene promoter (� 1903G/A) was genotyped in 341

asthmatic families and in 184 non-asthmatic adults recruited from the UK PCR-RFLP based

genotyping. Association with asthma diagnosis, atopy, specific and total IgE, and atopy and asthma

severity was examined.

Results Case–control studies did not reveal a significant difference in allele frequency between

asthmatics and controls. A significant association was found between CMA1 genotypes and total IgE

levels in subjects with self-reported eczema that remained significant after correction for multiple

testing (median total serum IgE GG 297kU/L, GA 144kU/L, AA 48.4 kU/L, Pc5 0.0032).

Conclusion These data suggest that CMA1 promoter polymorphism does not contribute to asthma

susceptibility or severity but may be involved in regulating IgE levels in patients with eczema.

Keywords asthma, chymase, eczema, IgE, polymorphism (genetic)

Submitted 25 September 2003; revised 15 March 2004; accepted 19 April 2004

Introduction

Mast cells have been implicated, directly or indirectly, in
many pathological features of chronic allergic asthma [1]. A
range of potent inflammatory mediators may be released
from mast cells, but among the most abundant is the
chymotryptic protease chymase. There is growing evidence
that chymase has the capacity to contribute in important
ways to processes of inflammation and tissue remodelling in
bronchial asthma [2].
Human chymase is a 226 residue protein with a two amino

acid pro sequence, that appears to be encoded by a single
gene. The enzyme is selectively stored in mast cell secretory
granules and it is released in a fully active form along with
histamine, tryptase and other granule contents. A high degree
of selectivity for protein substrates has been observed for
chymase. However it is particularly effective at cleaving
angiotensin I, to generate angiotensin II, a reaction that

chymase can catalyse more efficiently than angiotensin
converting enzyme itself [3]. Evidence for potent pro-
inflammatory roles for chymase have come from studies
involving injection of the human enzyme into rodent models,
which have led to increased microvascular permeability [4]
and to eosinophil and neutrophil accumulation [5]. Contribu-
tions to tissue remodelling have been suggested by observa-
tions that human chymase can initiate the formation of
collagen fibrils in type I procollagen [6], activate pro-MMP-1
interstitial procollagenase [7], and can release transforming
growth factor b1 (TGF-b1) from the extracellular matrix, a
cytokine which can stimulate the formation of connective
tissue [8].
Recently, Brightling et al. [9] have reported that the in-

filtration of mast cells into airway smooth muscle may be a
distinguishing feature of asthma and that this may be asso-
ciated with the disordered airway function. Although the pres-
ence of chymase in mast cells in the smooth muscle bundles
was little investigated in that study, previous investigations
have established that high proportions of mast cells at such
sites contain chymase [10].
It is widely accepted that asthma is a heritable disease and a

number of studies have shown an increased prevalence of
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asthma, and phenotypes associated with asthma, among the
relatives of asthmatic subjects compared with non-asthmatic
subjects [11]. An association between atopic dermatitis/ec-
zema (AEDS [12]) and a genetic variant of the gene encoding
chymase (CMA1), a BstXI polymorphism (� 1903G/A),
located on the long arm of chromosome 14 (14q 11.2) has
previously been reported in a Japanese population [13]. The
aim of the present study was to investigate the role of this
polymorphism in the CMA1 gene in conferring susceptibility
to the development of atopy and/or asthma in a large
population of Caucasian asthmatic families recruited from
the Wessex region of southern England.

Materials and methods

Subjects and clinical assessment

Affected sib-pair families Three hundred and forty-one
Caucasian affected sib-pair families were collected in the UK,
as previously described [14, 15]. The definition of asthma used
consisted of a physician’s diagnosis of asthma, together with
current asthma medication use. Bronchial hyper-responsive-
ness (BHR) to methacholine, total serum IgE and specific
serum IgE were measured [14, 15], and severity scores for
atopy and asthma were generated [14, 16]. Eczema was
defined as a positive response to the question ‘Have you ever
had eczema?’ on the case report form.

Hyper-normal controls One hundred and eighty-four Cau-
casian ‘hyper-normal’ controls were recruited in the UK.
These individuals had no diagnosis of asthma, and no family
history of asthma [14].

Molecular methods Genomic DNA was extracted from
10mL peripheral blood leukocytes by means of a Genomic
DNA Maxi-Prep Kit (Qiagen, Crawley, UK). Genomic DNA
was stored at � 20 1C until further use. To optimize
genotyping, a nested PCR was used. An initial PCR of the
CMA1 promoter was performed on a PTC-225 DNA Engine
Tetrad (MJ Reset, Watertown, MA, USA) in a total volume
of 10mL including 8 ng of genomic DNA, 1.5mM MgCl2,
400 nM of primer mix, 0.5U of TaqDNA polymerase (Sigma-
Aldrich, Poole, UK), 0.004U of Pwo DNA polymerase
(Roche, Mannheim, Germany), and 250mM of each deox-
ynucleotide triphosphate (Amersham Biotech, Amersham,
UK). The PCR conditions were 2min at 94 1C, followed by 45
cycles each of 20 s at 94 1C, 30 s at 63 1C, 6min at 68 1C, and
final 20min at 68 1C. The forward primer was 50-TTGAG
TATCTGCCGCAATCAGAAATC-30 and reverse primer
was 50-GGCTGGGAATCAGGTCACTATGTG-3 0. The
nested PCR assays were performed in a total volume of
10mL including 1mL initial PCR product diluted to 1/1000,
1.5mM MgCl2, 200 nM of each primer, 0.25U of Taq DNA
polymerase, and 200 mM of each deoxynucleotide tripho-
sphate. The PCR conditions were 2min at 94 1C, followed by
30 cycles each of 30 s at 94 1C, 30 s at 58 1C, 30 s at 72 1C, and
finally 5min at 72 1C in 96-well plates. The forward primer
was 50-TACACCCCTTTATCTGATTA-3 0 and reverse pri-
mer was 50-CTAGTAAGACAGCTCCACAG-3 0. Two 2mL
of the nested PCR products were digested with 7.5U of
BstXI (New England Biolabs, Hitchin, UK) for 4 h at 55 1C.

Digested products of 508 bp (� 1903A) and 547 bp
(� 1903G) were separated by MADGE (microplate array
diagonal gel electrophoresis) [17] on 5% polyacrylamide gel
and visualized by staining with Vistra Green (Amersham
Biotech). ABI PRISMs BigDyeTM Terminator cycle sequen-
cing (Applied Biosystems, Warrington, UK) was used to
validate the genotyping assay.

Statistical methods

Transmission disequilibrium test (TDT) analysis Associ-
ation of the � 1903G/A CMA1 polymorphisms with asthma
and atopy was tested in the trios of mother, father and first
affected sibling with available genotype, as previously
described [14, 15]. TDT was performed in STATA (Version
6.0, Stata Corporation, College Station, TX, USA) using the
programme written by David Clayton (MRC Biostatistics
Unit, Cambridge, UK). Any TDT test with a P-value of
o0.05 was considered significant. Dichotomous variables
analysed using TDT were: (i) Asthma positive on question-
naire (‘Have you ever had asthma?’, ‘Was this confirmed by a
doctor?’ and ‘Have you used any medicines to treat asthma,
or any breathing problems, at any time in the last 12
months?’); (ii) Asthma positive on questionnaire, with atopy
(defined by positive specific IgE (An individual was assigned a
positive specific IgE value if his/her level was positive (to
grass or tree) or elevated (5 0.35 kU (kilo units)/L for cat,
dog, Dermatophagoides pteronyssinus, D. farinae, Alternaria)
for at least one such measure) and/or positive skin prick test
(weal5 3mm for house dust mite, cat, grass or tree)); (iii)
Asthma positive on questionnaire, with raised total serum
IgE (using age corrected cut-offs as previously described [14,
15] (age 5–9 years, 452kU/L; age 10–14,463kU/L; age 15–
18, 475kU/L; age5 19, 481kU/L)); (iv) Asthma and PC20

methacholineo4mg/mL (severe asthmatics); (v) Asthma and
PC20 methacholine o16mg/mL and (vi) Asthma and self-
reported eczema (defined as a positive response to the
question ‘Have your ever had eczema?’).

Case–control analysis Data were analysed in three separate
groups of cases, and participants within each group were
considered to be independent. The group of cases were: first
affected sibling, second affected sibling, and parents with a
diagnosis of asthma. Hardy–Weinberg equilibrium was
confirmed using w2 with 1 degree of freedom. Genotype
frequencies for each group of cases were compared to the
‘hyper-normal’ control population, and analysed using w2 in
SPSS Version 11 (SPSS Inc., Chicago, IL, USA).

Disease severity Data were analysed in three separate
groups of cases, and participants within each group were
considered to be independent. The groups of cases were: first
affected sibling, second affected sibling, and parents with a
diagnosis of asthma. t-tests and non-parametric tests (SPSS
Version 11) were performed as appropriate on the following
variables: (1) total IgE (age corrected and log transformed
to improve normality, (2) forced expiratory volume in 1 s
(FEV1) (% predicted), (3) BHR (slope transformed to
[1/(LS slope130)] � 1000 to improve normality), (4) atopy
severity score, (5) asthma severity score, (6) first principal
component for weal size (this is computed by taking the first
principal component of the mean weal diameters of the skin
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prick tests (SPTs) for each allergen to provide a measure of
the magnitude of the skin prick response as a whole), and (7)
number of positive SPT (analysed by w2 test for association).
A P-value of 0.05 was considered significant. In the parental
cohort only, an additional analysis of total IgE in subjects
with self-reported eczema was performed.

Results

The phenotypic characteristics of the study population are
summarized in Table 1. Table 2 shows the distribution of the
genotypes and alleles of the CMA1 gene polymorphism in 171
asthmatic parents, 306 asthmatic first sibling, 299 asthmatic
second sibling and 176 control (non-asthmatic) subjects. The
frequencies of promoter polymorphism (� 1903G/A) in the
CMA1 gene have previously been reported as G5 0.43,
A5 0.57 in Caucasian [18] and G5 0.8, A5 0.2 in Japanese
populations [13], respectively. In this study, the frequency of
the G allele was 0.48 and A allele was 0.52 in the control
population. The genotype frequencies did not deviate
significantly from the Hardy–Weinberg expectation in the
unrelated asthmatic parents (w25 0.050, P5 0.82), or control
population (w25 2.325, P5 0.13). No significant difference in
genotype or allele frequency was observed between any of the
asthmatic groups and the non-asthmatic control population.
The results of the TDT analysis are shown in Table 3 for;

positive asthma, F positive asthma1atopy (SPT positive
and/or increased specific IgE), positive asthma1raised total
IgE (age corrected), positive asthma1PC20 o4mg/mL, and
asthma1PC205 16mg/mL. There was a trend to an increase
in transmission of the � 1903G allele to sibs with case report
form positive asthma 1 raised total IgE (age corrected)

(P5 0.06), however, this did not reach significance. Within
the asthmatic cohorts (first affected sibling, second affected
sibling and affected parents) no positive associations were
observed between CMA1 � 1903G/A polymorphism and any
of the phenotypes examined (Table 4). However, given the
previously observed association of the � 1903G/A poly-
morphism with AEDS (especially those with AEDS and low
total serum IgE levels (o500 IU/mL)) [19, 20], the analysis
was extended to look at the relationship between the -1903G/
A genotype and total serum IgE levels in those asthmatic
parents with self-reported eczema. A significant association
was seen between total serum IgE levels in these subjects
(P5 0.0004) that remained significant after correction for
multiple testing (Pc5 0.0032, (P5 0.0004 � 8 disease severity
analyses)). No association was seen between total serum IgE
and the � 1903G/A genotype in either of the affected sibling
groups with self-reported eczema (first sibling P5 0.12,
second sibling P5 0.61). For the asthmatic parents with
eczema, the median total IgE levels for each genotype group
were as follows: GG 297kU/L (N5 23), GA 144 kU/L
(N5 45), AA 48.4 kU/L (N5 22).

Discussion

In the current study we have examined the association of the
CMA1 � 1903G/A polymorphisms with a number of atopy
and asthma phenotypes in a large well-defined Caucasian fam-
ily cohort. While no significant associations were observed
between this polymorphism and any asthma related pheno-
types examined, a significant association with total IgE levels
in patients with self-reported eczema was observed. A link be-
tween IgE levels and eczema has been noted previously in
Japanese patients with this condition [19, 20].
It is now widely accepted that asthma is a heritable disease

and a number of studies have shown an increased prevalence
of asthma, and phenotypes associated with asthma, among
the relatives of asthmatic subjects compared with non-
asthmatic subjects [21]. Genome screens for asthma and
asthma-associated phenotypes have identified a number of
regions of linkage. The most consistent and robust linkages
have been with regions on chromosomes 5, 6, 12, and 13 [22],
although linkage to the CMA1 locus (14q11.2) has also been
reported in a genome scan of US Caucasian families [23]. The
CMA1 gene promoter polymorphism (� 1903G/A) has also
been previously associated with a several other non-allergic
disease phenotypes including heart disease reflecting the wide
range of physiological action of mast cell chymase [18, 24].
Given the key role mast cell inflammatory mediators play in

the allergic immune response, and in particular the role of the

Table 1. Phenotypic characteristics in asthmatic families and controls

Asthmatic

parents Sibling 1 Sibling 2 Controls

Number 189 341 338 184

Mean age (years) 40.2 13.0 9.9 42.3

Gender (% male) 47.1 56.9 53.6 47.0

Asthma (% 1ve, doctor

diagnosis) 100.0 100.0 100.0 0.0

Atopic eczema (%1ve,

questionnaire) 50.8 57.8 62.4 0.0

Hayfever (%1ve, questionnaire) 69.8 64.2 47.0 8.7

FEV1 (% predicted) 94.1 94.7 95.6 NT

BHR (1/LS slope130) � 1000 17.2 14.5 12.0 NT

Median total IgE (kU/L) 107 248.5 311 NT

FEV1, forced expiratory volume in 1 s; BHR, bronchial hyper-responsiveness;

NT, not tested.

Table 2. Genotype and allele distribution of CMA1 � 1903G/A in UK asthmatic families and controls

N

Genotype N (%) Allele N (%)

w2 PGG GA AA G A

Controls 176 36 (0.20) 98 (0.56) 42 (0.24) 170 (0.48) 182 (0.52)

Asthmatic parents 171 42 (0.25) 86 (0.50) 43 (0.25) 170 (0.50) 172 (0.50) 0.09 0.77

Sibling 1 306 63 (0.21) 174 (0.57) 69 (0.22) 300 (0.49) 312 (0.51) 0.02 0.88

Sibling 2 299 74 (0.25) 157 (0.53) 68 (0.22) 305 (0.51) 293 (0.49) 0.55 0.46
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mast cell proteases tryptase and chymase in mediating chronic
inflammation of the skin in atopic dermatitis and of the lung
in asthma [25, 26], mast cell chymase has been considered a
strong candidate gene for atopy and atopic disease. The first
study of the potential role of CMA1 polymorphism in
conferring susceptibility to atopic disease was by Mao et al.
[13]. In a Japanese cohort, association was seen between
AEDS and a BstXI polymorphism (� 1903G/A) of the
CMA1 promoter. In a subsequent study of a randomly
recruited childhood cohort, the � 1903G/A polymorphism
was again associated with AEDS (especially those with AEDS
and low total serum IgE levels) [19]. The association with
AEDS patients with lower total serum IgE levels (o500 IU/
mL) was also confirmed in a third study of Japanese patients
[20]. However, a small study by Kawashima et al. [27] failed
to replicate the association. In our study, the observation of
association with total serum IgE in patients with reported
eczema was found only in the adult cohort. This may reflect
differences between the paediatric and adult cohorts (in mean
serum IgE levels, the percentage of asthma, etc.), be an age
related effect or perhaps reflect that the chymase polymorph-
ism exerts its effect in the context of chronic persistent
eczema, rather than at its origin. Two previous studies have
examined association of the � 1903G/A polymorphism in
Caucasian cohorts. In a study of 50 Australian families [28]
and a small case–control study of Italian AEDS patients [29],
no association was seen although this may be due to lack of
statistical power of these studies given the small size of the
cohorts.
While the association of the � 1903G/A polymorphism

with atopic eczema has been extensively studied, the con-
tribution of this polymorphism to asthma and BHR remains
to be established. The initial studies by Mao et al. [13, 19]
failed to find any association with either atopic or non-
atopic asthma although no measures of lung function were
examined. In contrast, Tanaka et al. [20] found an association

in patients with atopic eczema and asthma between the
� 1903G allele and high IgE levels (42000 IU/mL). The
recent observation that mast cells infiltrate airway smooth
muscle and this may be associated with the disordered airway
function found in asthma [9] raises the possibility that
polymorphism of mast cell mediator genes might alter BHR
and susceptibility to asthma. Given only 252 trios would be
required to give 80% power to detect a relative risk of 1.5 for
asthma with a5 0.01 [30], the findings of the present study
would suggest that chymase polymorphism is not an
important determinant of BHR susceptibility. In the future
it would be of interest to examine genetic variability in other
mast cell-derived mediators, or in the pathways leading to the
generation of these mediators, such as histamine, tryptase,
leukotrienes (LT)-D4 and LT-C4, Prostaglandin (PG)D2, and
TGF-b which are known to cause smooth muscle prolifera-
tion and/or contraction [9].
The functional consequences of the CMA1 genotype are

not clear, and its association with high total IgE levels in
subjects with eczema is difficult to explain in terms of the
known actions of human chymase. This protease may have a
role in controlling the bioavailability of several cytokines,
being able to degrade IL-4 [31], convert IL-1 into the active
form [32], and release the membrane bound form of stem cell
factor [33]. Of these, IL-4 has been implicated as having a key
role in the generation of IgE, but its inactivation by human
chymase appears paradoxical in the light of the other
observations. On the other hand, the addition of a rat
chymase (rat mast cell protease I) to a culture of murine
spleen cells stimulated with IL-4 and lipopolysaccharide, has
been reported to enhance synthesis of IgE [34]. Consistent
with this is a report that administration of a synthetic
chymase inhibitor (Y-40613) suppressed levels of total IgE in
a rat model of atopic dermatitis [35].
Potential limitations of this study should be addressed. As

families in this cohort were recruited on the basis of asthma,

Table 3. Association of CMA1 �1903G/A with asthma and atopy in asthmatic families

Phenotype

Number of genotyped

offspring Allele

Observed

transmissions

Expected

transmissions P-value

Asthma positive 332 A 160 147.5 0.15

G 135 147.5

Asthma positive and positive atopy 285 A 138 125 0.10

G 112 125

Asthma positive and raised total IgE 294 A 149 133.5 0.06

G 118 133.5

Asthma positive and PC20o4mg/mL 240 A 120 107 0.08

G 94 107

Asthma positive and PC205 16mg/mL 289 A 136 128 0.32

G 120 128

Table 4. Disease severity analysis; CMA1 �1903G/A polymorphism association with atopy and asthma intermediate phenotypes in asthmatic subjects

Log age-corrected

total IgE

FEV1

(% predicted)

BHR

slope

Atopy severity

score

Asthma

severity score

First principle component

for weal size

Number of

positive SPTs

Asthmatic parents, P-value 0.06 0.50 0.24 0.51 0.27 0.60 0.98

First sibling, P-value 0.40 0.40 0.33 0.61 0.89 0.30 0.56

Second sibling, P-value 0.66 0.75 0.20 0.93 0.26 0.50 0.53

FEV1, forced expiratory volume in 1 s; BHR, bronchial hyper-responsiveness; SPT, skin prick test.
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there were too few atopic individuals without asthma to study
the effect of the polymorphism on atopy alone. In addition,
no clinical assessment of eczema was performed on the
subjects recruited, resulting in the use of self-reported eczema
in analyses. Several related phenotypes of relevance to asthma
were analysed in this study and a number of comparisons
were made. Although Bonferroni correction is too conserva-
tive when phenotypes are not independent, at least for the
disease severity analysis, even when adjusting the uncorrected
P value of 0.0004 for the number of comparisons (n5 8), the
corrected P-value of 0.0032 remains statistically significant.
Finally, we cannot exclude that the association observed is
due to another causal allele in linkage disequilibrium with the
single nucleotide polymorphism studied here.
It is possible that the positive associations seen between the

� 1903 G/A polymorphism and AEDS and asthma in
Japanese patients may reflect the haplotypic background on
which the polymorphism lies. In the Japanese population
linkage disequilibrium may exist between this polymorphism
and other functional variants of chymase that do not exist in
the Caucasian population where no association has been seen.
In the future, promoter assays and further identification of
polymorphism combined with linkage disequilibrium studies
will be needed to clearly establish whether the observed
association is due to the � 1903 G/A polymorphism altering
gene expression, or is due to linkage disequilibrium with other
functional polymorphisms in the CMA1 gene.
In summary, we have examined the association of the

CMA1 –1903G/A polymorphisms with a number of atopy
and asthma phenotypes in a large well-defined Caucasian fam-
ily cohort. While no significant associations were observed
between this polymorphism and any asthma related pheno-
types examined, a significant association with total IgE levels
in patients with self-reported eczema was observed in accord-
ance with previous studies [19, 20].
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