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ABSTRACT: Occupational asthma caused by western red cedar is a common prob-
lem in sawmill industries. The objective of this study was to examine a possible
association of human leukocyte antigen (HLA) class II genetic markers with sus-
ceptibility or resistance to western red cedar induced asthma.

The distribution of DRB1 and DQB1 HLA class II alleles and DRB1-DQB1
haplotypes was studied in 56 Caucasian patients with proven red cedar asthma and 63
healthy Caucasian control subjects exposed to red cedar dust. DRB1 and DQB1 high
resolution typing was performed by the polymerase chain reaction-based method.

Patients with red cedar asthma had a higher frequency of HLA DQB1*0603 and
DQB1*0302 alleles compared to a group of healthy exposed control subjects and a
reduced frequency of DQB1*0501 allele. The frequency of the DRB1*0401-DQB1*
0302 haplotype was increased and the DRB1*0101-DQB1*0501 haplotype was re-
duced.

These findings suggest that genetic factors such as human leukocyte antigen class II
antigens may be associated with susceptibility or resistance to development of red
cedar asthma.
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Many agents capable of causing occupational asthma
are small molecular weight compounds, including isocyan-
ates and plicatic acid (the agent responsible for western red
cedar asthma (WRCA)) [1]. Although they have been
extensively studied, the mechanisms responsible for oc-
cupational asthma are unclear. There is a latent period be-
tween onset of exposure and the onset of symptoms, and
re-exposure of sensitized subjects to a very small amount
of the offending agent often induces a severe attack of
asthma. Specific immunoglobulin (Ig)E antibodies have
either not been detected or have been found in only a
small proportion of affected patients [2, 3], even though
the features of these two conditions are highly suggestive
of an allergic disease.

The human leukocyte antigen (HLA) class II antigens
(DR, DQ, DP) play a key role in antigen presentation to T-
lymphocytes and thus influence the specificity of the
immune response. These HLA class II molecules are high-
ly polymorphic. Many associations between class II alleles
and common aeroallergens have been investigated [4±15].
Specific epitopes of allergens have been identified at the
amino acid level and have been shown to be presented by
specific HLA DR and DQ gene products [11].

Little is known about host risk factors for the devel-
opment of occupational asthma due to these small mole-
cular weight compounds [2, 3]. Recently, HLA class II
genetic markers were found to be associated with sus-
ceptibility or resistance to isocyanate-induced asthma
[16±18]. Because there is considerable similarity between
the two types of occupational asthma, the distribution of
DRB1 and DQB1 HLA class II alleles in patients with

asthma due to occupational exposure to Western red cedar
were studied in order to examine a possible association of
these genetic markers with susceptibility to this disease.

Materials and methods

Subjects

Fifty-six Caucasian patients who were diagnosed with
WRCA by specific challenge test were enrolled consecu-
tively into the study. All tests took place during a follow-up
visit between September 1993 and August 1995 at the
Respiratory Clinic of the University of British Columbia
(Vancouver, Canada). As control subjects, 63 Caucasian
sawmill workers who were exposed to western red cedar
dust and did not have any respiratory disease were studied.
The characteristics of the study subjects are shown in table
1. The patients were significantly older than the control
subjects (43.7�9.9 yrs versus 37.6�10.8 yrs) although the
control subjects were exposed to red cedar dust for a
longer period of time (10�10.2 yrs versus 6�7.2 yrs).
Forty-seven per cent of patients had a late asthmatic reac-
tion, 45% a dual or biphasic reaction and the remaining
had immediate asthmatic reaction alone on inhalation
challenge testing with plicatic acid.

White blood cell isolation and deoxyribonucleic acid
extraction

Mononuclear cells isolated from peripheral blood, were
purified using Histopaque density gradient separation as
described previously [19]. Cells resuspended in phosphate
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buffered saline were stored in aliquots at -808C until an-
alysis. Genomic deoxyribonucleic acid (DNA) was ex-
tracted using the Qiagen kit according to the suppliers
protocol (Qiagen Inc., Valencia, CA, USA).

Human leukocyte antigen DRB1 and DQB1 typing

DNA typing for the DRB1 and DQB1 alleles was per-
formed using modified, group specific polymerase chain
reaction amplifications of the second exon of the DRB1
[20, 21] and DQB1 [22] locus, followed by restriction
digestion of the amplified sample and polyacrylamide
gel electrophoresis. Restricted patterns for all published
DRB1 and DQB1 second exon sequences [23] were pred-
icted. Twenty-seven of the 42 DRB1 alleles and 13 of the
14 DQB1 alleles typed for, were observed in this study.
Haplotype analysis was performed on the basis of assign-
ment of the most common haplotypes in the Caucasian
population [24]. In the 119 samples observed there were
32 haplotypes, with only three (1.7%) rare haplotypes.

Statistical analysis

The statistical significance of differences in frequency of
individual major histocompatibility complex alleles and
haplotypes in patients and control subjects was determined
by Fisher's exact test (two-tailed probability (p) value)
using Instat software (Graph Pad, San Diego, CA, USA).
The strength of an association was indicated by odds ratio
(OR) with 95% confidence interval. The p-values were
presented without (p) or with correction for number of
comparisons [25].

Results

The distribution of DRB1 and DQB1 alleles in patients
and control subjects is shown in table 2. The frequency of
DQB1*0302 was significantly increased in patients com-
pared to healthy control subjects (19.6% versus 4.7%,
p=0.02, OR=4.9) as was the frequency of DQB1*0603
(23.2% versus 9.4%, p=0.0484, OR=2.9). In contrast, the

frequency of DQB1*0501 was significantly reduced in
patients (10.7% versus 28.1%, p=0.0213, OR=0.3) and
indicates a protective effect. Three of the six patients that
typed DQB1*0501 on one allele typed with a susceptible
allele on the second chromosome.

DQB1*0302 allele is in linkage disequilibrium with
DRB1*4, and DQB1*0603 is in linkage disequilibrium
with DRB1*1301. A small increase in the frequencies of
DRBl*0401 and DRB1*1301 among patients was observ-
ed, but the increases were not statistically significant.
DQB1*0501 is in linkage disequilibrium with DRB1*
0101, *0102, *0103 and DRB1*1001. The frequency of

Table 1. ± Characteristics of study subjects

Patients Control
subjects

n 56 63
Age yrs 43.7�9.9 37.6�10.8
Duration of exposure before onset

of symptoms
6.1�7.2 NA

Duration of employment yrs
Mean 10.2
Max 36

Duration of symptoms yrs 2.7�3.4
Atopy % 50 19
Smoking habit %

Nonsmokers 42 3
Exsmokers 56 34
Current smokers 2 27

Sex % male 98 100
Types of asthmatic reaction %

Immediate 7 -
Late 47 -
Dual 45 -

Data are presented as absolute numbers or mean�SD. NA: not
applicable.

Table 2. ± Frequency of human leukocyte antigen class II
alleles in patients and control subjects

Class II
allele

Patients
n=56

Control
subjects

n=63

p-value* OR 95% CI

No. % No. %

DRB1
0101 4 7.1 15 23.4 0.0222 0.25 0.08±0.79
0102 1 1.8 1 1.6
0103 1 1.8 2 3.1
1501 19 33.9 22 34.4
1502 0 0.0 1 1.6
1601 4 7.1 1 1.6
1602 0 0.0 1 1.6
0301 9 16.1 12 18.8
0401 12 21.4 9 14.1
0402 1 1.8 0 0.0
0403 1 1.8 0 0.0
0404 2 3.6 4 6.3
0405 1 1.8 0 0.0
0408 2 3.6 1 1.6
1101 7 12.5 7 10.9
1102 1 1.8 0 0.0
1104 2 3.6 0 0.0
1301 9 16.1 5 7.8
1302 3 5.4 4 6.3
1305 0 0.0 1 1.6
1401 5 8.9 4 6.3
1402 0 0.0 1 1.6
0701 18 32.1 21 32.8
0801 1 1.8 4 6.3
0802 1 1.8 1 1.6
0901 1 1.8 2 3.1
1001 0 0.0 1 1.6

DQB1
0501 6 10.7 18 28.1 0.0213 0.3 0.11±0.82
0502 4 7.1 2 3.1
0503 5 8.9 4 6.3
0504 0 0.0 2 3.1
0601 0 0.0 1 1.6
0602 16 28.6 21 32.8
0603 13 23.2 6 9.4 0.0484 2.9 1.01±8.17
0604 2 3.6 4 6.3
0201 23 41.1 25 39.1
0301 14 25.0 17 26.6
0302 11 19.6 3 4.7 0.0201 4.9 1.28±18.56
0303 8 14.3 9 14.1
0304 1 1.8 0 0.0
0402 3 5.4 7 10.9

OR: odds ratio; 95% CI: 95% confidence interval. *: only
p<0.05 are listed. None of the p-values with correction for
number of comparisons were significant.
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DRB1*0101 was decreased in patients as compared to
control subjects (10.7% versus 28.6%, p=0.022, OR=
0.25). Analysis of the DRB1-DQB1 haplotype frequencies
revealed DRB1*0401-DQB1*0302 as the most susceptible
haplotype in development of asthma due to red cedar
(p=0.012, OR=10.33), while the association of DQB1*
0302 with any of the DRB1*4 (*0401/2/4 or 8) also re-
vealed high OR and the most significant p-value (p=0.003,
OR=8.3). The presence of the haplotype DRB1*0101-
DQB1*0501 appeared to confer protection (p=0.038, OR=
0.27). The increased frequency of DRB1*1301-DQB1*
0603 in patients was not significant. The rare haplotype
DRB1*1501-DQB1*0603 was observed in three patients.

The frequencies of DR and DQ alleles in patients with
late asthmatic reaction alone were not different from those
with dual asthmatic reaction (data not shown).

Discussion

In this study, the authors have found that the frequency
of the HLA class II alleles DQB1*0302 and DQB1*0603
was significantly increased among patients compared to
exposed healthy control subjects while the frequency of
DQB1*0501 was significantly decreased. Forty-three per
cent of the patients had one of the two susceptibility alleles,
while only 13% of the healthy exposed control subjects
did. After correction was performed for multiple compar-
isons, these differences between patients and control sub-
jects were no longer significant. However, the application
of such corrections remains controversial in view of the
fact that the allele frequencies tested are not independent
[26] and this is not normally employed in this setting [16,
18]. BALBONI et al. [17] employed a correction taking into
account alleles previously reported as being associated to
toluene diisocyanate (TDI)-induced asthma [16] and thus
the corrected p-values were obtained by multiplying by
two instead of 14 (number of DQB1 alleles).

The frequency of the DRB1*0401-DQB1*0302 haplo-
type was found to be increased and the frequency of the
DRB1*0101-DQB1*0501 haplotype was reduced in pa-
tients compared to the control subjects. It is however
possible, that these DRB1-DQB1 haplotypes are a part of
conserved extended HLA haplotypes on chromosome six
and that they reflect a linkage disequilibrium with some
alleles in close proximity [27]. One possible candidate is
the tumour necrosis factor (TNF) locus located telomeric
to the DRB1 locus. Elevated levels of TNF-a proteins are
observed in inflammatory processes. MASTRELLI et al.
[28] reported increased levels of TNF-a in the airway
mucosa of subjects with asthma induced by TDI. Centro-
meric to the DQB1 allele, lies the polymorphic DPB1
locus of the HLA class II. DPB1 allele typing was not
performed because the DPB1*0401 allele is found in 80%
of Caucasians and many other DPB1 alleles occur at very
low frequencies. In order to observe statistically signi-
ficant differences, a much larger control sample would be
required.

Studies in patients with isocyanate-induced asthma have
also shown that alleles within the HLA class II region ap-
pear to be associated with an increased or decreased risk of
disease. BIGNON et al. [16] found that DQB1*0503 and the
allelic combination DQB1*0201/0301 were associated
with increased susceptibility to the disease while the
presence of DQB1*0501 and the DQA*0101-DQB1*

0501-DR1 haplotype conferred significant protection to
exposed healthy control subjects. In contrast, a recent
study in 10 patients with isocyanate-induced asthma [29]
failed to show any association with HLA class II antigens.
HLA class II typing in this study was performed only at
low resolution. BALBONI et al. [17] and MAPP et al. [18]
investigated DQA1 and DQB1 association with TDI-
induced asthma. These reports reconfirmed the positive
association of asthma with DQB1*0503 and a negative
association with DQB1*0501 allele reported by BIGNON et
al. [16]. DQB1*0503 and DQB1*0501 differ by a single
amino acid residue 57 (aspartic acid in DQB1*0503 and
valine in DQB1*0501), and the group postulated that the
susceptibility to, or protection from, TDI-induced asthma
appears to be related to this difference. The present study
found that the alleles, DQB1*0501 conferring protection,
and DQB1*0603 and DQB1*0302 responsible for dis-
ease susceptibility, differ by several amino acids. How-
ever, it is of interest to note that the HLA allele DQB1*
0501 appears to confer protection against the develop-
ment of both red cedar asthma and isocyanate-induced
asthma [16±18], although the susceptibility alleles are
different in these disorders.

The clinical features of occupational asthma induced by
isocyanates and red cedar are similar. For example, inhala-
tion provocation tests with these two agents in sensitized
subjects induced isolated late or dual asthmatic reactions
while isolated immediate asthmatic reactions are rare [1,
2]. The mechanism of occupational asthma due to these
two agents is not clear. In WRCA, specific IgE antibodies
to plicatic acid-human serum albumin conjugate (PA-
HSA) have been detected in only 20% of the patients
[30]. However, incubation of granulocytes from patients
with WRCA with anti-IgE failed to inhibit the release of
histamine when challenged with plicatic acid [31]. These
findings suggest that specific IgE antibodies may only be
a marker of exposure and may not be responsible for the
pathogenesis of the disease. Recently, activated CD4+
cells were demonstrated in the bronchial mucosa of these
patients [32]. Also, the lymphocytes of some patients
with WRCA showed proliferation when stimulated with
PA-HSA conjugate suggesting that T-lymphocytes may
play an important role in the pathogenesis of WRCA [33].
The findings of this study suggest that HLA class II
alleles are associated with susceptibility to development
of WRCA and further strengthen the hypothesis that cel-
lular immune mechanisms may play a role in its patho-
genesis. It is possible that plicatic acid acts as a hapten
and binds to a protein or peptide and is recognized by T-
lymphocytes as a foreign antigen. The recent report of
CD8+ rather than CD4+ T-cells cloned from the bronchial
mucosa of patients with isocyanate-induced asthma [34]
suggests that HLA class I alleles should be studied in
these patients. In recent years genome-wide searches have
shown that many genetic loci predispose to asthma. Iden-
tification of other candidate genes will help to achieve a
better understanding of susceptibility to occupational as-
thma caused by western red cedar.

While the degree of exposure is the most important de-
terminant for the development of occupational asthma, host
susceptibility factors appear to be of importance. Given the
same degree of exposure, only a small proportion (~5%) of
exposed subjects develop the disease. Atopy has been
shown to be an important risk factor in occupational
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asthma due to high molecular weight allergens [1], but not
in occupational asthma due to small molecular weight
compounds, such as isocyanates and plicatic acid [1, 3].
This study suggests that genetic factors such as human
leukocyte antigen class II antigens may predispose
individuals to the development of occupational asthma.
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