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asthma and DQB1 markers: a possible role for
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ABSTRACT: Toluene diisocyanate (TDI) is the most common cause of occu-
pational asthma in western countries.  The aim of this study was to investigate
whether genetic factors are involved in toluene diisocyanate-induced asthma.

We studied the frequency of human leucocyte antigen (HLA) class II genetic
markers in three groups of subjects:  1)  subjects with TDI-induced asthma (n=30);
2)  exposed subjects with no history of TDI-induced asthma (n=12);  and 3)  nor-
mal subjects not exposed to TDI (n=126).  Venous blood samples were collected
from the three groups and the polymorphic second exon of DQA and DQB genes
was amplified by the polymerase chain reaction (PCR) method.

Evaluation of HLA class II gene products in TDI-induced asthma cases showed
a positive association with HLA-DQB1*0503 and a negative association with HLA-
DQB1*0501 alleles, which differed at residue 57 for a single amino acid, i.e. aspar-
tic acid in DQB1*0503 and valine in DQB1*0501.  No significant difference was
found in the distribution of DQA1 alleles between asthmatics and controls.

Our results confirm the hypothesis that HLA-DQB1*0503 has a role in confer-
ring susceptibility to TDI-induced asthma and that residue 57 of HLA-DQB1 is a
potentially critical location.
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Diisocyanates are used worldwide in a number of
important industries. They are a group of low mole-
cular weight chemical compounds characterized by the
presence of an -N=C=O group. The most important com-
pound is toluene diisocyanate (the 80:20 mixture of the
two isomers 2,4 and 2,6).  Exposure to diisocyanates is
now recognized as a leading cause of occupational asthma
[1].  It is generally accepted that 5% of exposed subjects
develop occupational asthma after exposure to toluene
diisocyanate (TDI) [2], but estimates as high as 15%
have been proposed [3].  The mechanism of TDI-induced
asthma is still unknown but recent evidence suggests an
immunological mechanism [4].  In fact, TDI-induced
asthma and extrinsic asthma have a similar pattern of in-
flammatory cell infiltration in bronchial biopsies [5, 6];
inhalation challenge with TDI causes an increase in cir-
culating CD8+ lymphocytes and eosinophils in sensi-
tized subjects [7];  and an association with human leucocyte
antigen (HLA) class II genes is documented both in TDI-
induced asthma [8] and in allergen-induced asthma [9, 10].

In the present study, we investigated whether HLA
class II genes are involved in TDI-induced asthma by
studying the distribution of the markers DQA and DQB
in subjects with TDI-induced asthma, in asymptomatic
subjects exposed to isocyanates and in healthy subjects
not exposed to isocyanates.

Methods

The study was carried out according to the principles
of the Declaration of Helsinki, with written informed
consent.

Subjects

All subjects were European-born, unrelated whites
working in the north of Italy.  The 30 subjects with TDI-
induced asthma had documented asthma.  Diagnosis of
occupational asthma was based on the following:  expo-
sure to isocyanates;  asthma symptoms;  airway hyper-
responsiveness to methacholine inhalation challenge;  an
asthmatic reaction (fall in forced expiratory volume in
one second (FEV1) of at least 20%) after exposure to
TDI in the laboratory.  Twelve asymptomatic subjects
exposed for a long period to isocyanates were also stud-
ied.  For ethical reasons, they were not submitted to
inhalation challenge with methacholine or TDI.  One
hundred and twenty six healthy subjects not exposed to
isocyanates were also studied, selected from a panel of
unrelated Italian blood donors.  The characteristics of
occupational asthmatics and control exposed subjects are
shown in table 1.
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Deoxyribonucleic acid (DNA) preparation

Blood samples (20 mL) were obtained from all sub-
jects.  Genomic DNA was extracted from peripheral whole
blood using the classic phenol chloroform method [11].

Polymerase chain reaction (PCR)

The polymorphic second exon of DQA and DQB genes
was selectively amplified by the polymerase chain reac-
tion (PCR) method using XI International Histocompati-
bility Workshop primers [12].  One microgram of DNA
of each sample was amplified in a 50 µL reaction vol-
ume, according to XI International Histocompatibility
Workshop conditions. The efficiency of amplification
was controlled by resolving 5 µL PCR product elec-
trophoresis on a 1.5% agarose gel as a 229 base pair (bp)
band for DQA and a 214 bp band for DQB after ethidium
staining.

Analysis of the PCR products

Three microlitres of each PCR product were denatured
in 0.4 N NaOH, 25 mM ethylenediamine tetra-acetic acid
(EDTA) and dot-blotted on a nylon membrane (Bio-Rad
Zeta Probe) using a Bio-Dot Apparatus (Bio-Rad).  Non-
radioactive 3' end-labelling of the selected probes was
performed with digoxigenin-11-2'-3'-dideoxyuridine-5'-
triphosphate (Dig-11-ddUTP; Boehringer Mannheim
GmbH, Germany) and DNA deoxynucleotidyl transferase
(Terminal Transferase), Boehringer Mannheim GmbH,
Germany) at 37˚C for 15 min.  To make hybridization
conditions independent of G-C content, tetramethylam-
monium chloride (TMACl) solution [12] was used in
order to perform washing [13].  Chemiluminescent detec-
tion of the probes was performed by incubating nylon
membranes with 0.5 mL·100 cm-2 of 1:100 Lumigen
PPD (Boehringer Mannheim GmbH, Germany) at 37˚C
for 15 min, with membranes sealed in acetate bags.  Sealed
membranes were then exposed to Kodak X-OMAT film
with intensifying screens for 20–30 min at room tem-
perature [12]. Evaluation of positivities on each film was
performed blind to clinical status.

HLA typing

Twelve probes for DQAl and 15 probes for DQB1 mole-
cular typing were selected from all the DQ probes pro-
posed by the XI Histocompatibility Workshop. A total
of eight  DQA1 and 14 DQB1 alleles could be identified.
DQA and DQB molecular typing of eight homozygous
cell lines of known specificities was performed as con-
trol.

Statistical analysis

Fisher's exact test was utilized.  Relative risk (RR) was
calculated by using the Wolf method with Haldane's mod-
ification [14].  Probability values were corrected for num-
ber of comparisons according to Bonferroni's rule, taking
into account alleles previously reported as associated to
TDI-induced asthma, the p-values obtained were cor-
rected (pc) only multiplying for the number of a priori
hypotheses [15].

Results

Of the 30 asthmatic subjects, 23 were males and 7 females
(table 1).  Age (mean±SEM) was 40±2 yrs, length of expo-
sure to TDI 14.7±1.9 yrs, and time since onset of asthma
5.5±0.8 yrs.  The 12 asymptomatic exposed subject were
all males, exposed to TDI for 15.8±3.0 yrs.

No significant difference was found in the distribution
of the DQA1 phenotypic frequencies in the asthmatic
subjects when compared to both control groups (asymp-
tomatic exposed subjects and healthy, nonexposed sub-
jects).  The comparison of DQB1 phenotypic frequencies
between asthmatics and asymptomatic exposed subjects
and healthy controls revealed differences in two alleles,
the DQB1*0501 and the DQB1*0503 (fig. 1).  The fre-
quency of DQB1*0503 was 30% in the asthmatic sub-
jects and 0% in the asymptomatic exposed subjects (p=0.032;
pc=NS).  In contrast, the frequency of the DQB1*0501
marker was 0% in the asthmatic subjects and 25% in the
asymptomatic exposed subjects (p=0.019;  pc=0.038;
RR= 0.044).  The frequency of the DQB1*0503 marker
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Fig. 1.  –  Distribution of DQB1 markers in 30 asthmatics (     ), in
12 asymptomatic exposed controls ( ), and in 126 healthy controls
(    ).  DQB1*0501:  p=0.019;  pc=0.038;  RR=0.044 (comparison
between asthmatics and asymptomatic exposed controls);  p=0.010;
pc=0.020;  RR=0.085 (comparison between asthmatics and healthy
controls).  DQB1*0503:  p=0.032;  pc=NS (comparison between asth-
matics and asymptomatic exposed controls);  p=0.025;  pc=0.050;
RR=2.95 (comparison between asthmatics and healthy controls).  p:
Fisher's probability;  pc: corrected for the number of a priori hypothe-
ses;  RR: relative risk;  NS: not significant.

Table 1. – Characteristics of subjects with isocyanate-
induced asthma and of control asymptomatic exposed
subjects

Asthmatics Controls
n 30 12

Sex  M/F 23/7 12/0
Age  yrs 40±2 45±2
Smoking habit  NS/S/EX 22/4/4 4/7/1 
Exposure to TDI  yrs 14.7±1.9 15.8±3.0
Onset of asthma  yrs 5.5±0.8
Baseline FEV1  % pred* 99±3 107±3

Values are expressed as mean±SEM.  *:  predicted values from
[23].  NS:  nonsmokers;  S:  smokers;  EX:  ex-smokers;  M:
male;  F:  female;  TDI:  toluene diisocyanate;  FEV1:  forced
expiratory volume in one second. 



was significantly higher in asthmatics (30 vs 12.7%;
p=0.025;  pc=0.050;  RR=2.95), whereas the frequency of
the marker DQB1*0501 was significantly lower in asth-
matics compared to healthy controls (0 vs 15.9%;  p=0.010;
pc=0.020;  RR=0.085).

The nucleotide sequences of DQB1 alleles are well
established [16]. The two alleles DQB1*0503 and
DQB1*0501 differ in one single position, 57, with aspar-
tic acid in DQB1*0503 and valine in DQB1*0501 allele.
We hypothesized that this difference in position 57 could
be important for susceptibility and protection.  Therefore,
we have classified the 14 DQB1 alleles, on the basis of
the sequence reported in the literature [16] into DQB1Asp57+

and DQB1Asp57-. We then calculated the phenotypic fre-
quencies of the DQB1-Asp57+ marker in the three groups.
Aspartic acid was present in 29 out of the 30 subjects
with isocyanate-induced asthma (97%) compared to 105
of the 126 control subjects (83%) (p=0.0447;  RR=5.8),
whilst all 12 of the asymptomatic exposed control sub-
jects carried at least one DQB1-Asp57+ haplotype.

Because of the suggested functional implications of
the presence of aspartic acid at position 57 in the DQ
beta chain, we suspected a gene dose effect.  Therefore,
we analysed the distribution of the DQB1-Asp57+ haplo-
types in the different populations, comparing the num-
ber of homozygotes and heterozygotes in asthmatics with
those in controls.  Since the distribution of DQB1-Asp57+

haplotypes was not significantly different in the asymp-
tomatic exposed subjects and in the healthy controls, we
clustered the data of these two groups.  We found a sig-
nificant difference between the distribution of homozy-
gote and heterozygote subjects for Asp57+ haplotypes in
the two populations with a p-value near 0.025, suggest-
ing a gene dose effect in predisposition to isocyanate-
induced asthma (table 2).

Discussion

Recently, BIGNON et al. [8] have shown that HLA class II
alleles are involved in isocyanate-induced asthma, with allele
DQB1*0503 and the allelic combination DQB1*0201/0301
associated with susceptibility and allele DQB1*0501 and
the DQA1*0101-DQB1*0501-DR1 haplo-type associated
with protection against the disease. In the present study,
in a different group of subjects, by using different tech-
niques and by performing the statistical testing at the
phenotype level [15], we confirmed that the HLA-DQB1
marker has a role in the disease.  The two markers

DQB1*0503 and DQB1*0501 involved in susceptibility
and in protection differ for a single amino acid at posi-
tion 57, with aspartic acid in the DQB1*0503 and valine
in the DQB1*0501 marker [16].  Aspartic acid residue
was present in homozygotic condition in the majority of
subjects with isocyanate-induced asthma, suggesting a
direct role of the residue at position 57 in the aetiology
of TDI-induced asthma.

The study by BIGNON et al. [8] and the present results
are consistent with the hypothesis that an immuno-
logical mechanism is involved in TDI-induced asthma
and that specific genetic factors play a role in confer-
ring susceptibility to or protection against this disease.
An immunological mechanism is likely to occur in TDI-
induced asthma since the inflammatory response of the
airways in TDI-induced asthma is characterized not only
by increased numbers of mucosal eosinophils and mast
cells but also by persistent activation of lymphocytes and
by chronic expression of proinflammatory cytokines [17].
When associations between HLA class II genes and occu-
pational asthma are investigated, the problems encoun-
tered in the field of atopic diseases are less important
[18].  In fact, the phenotype of occupational asthma due
to exposure to TDI may be defined with accuracy [19].

In this study, we found a positive and a negative asso-
ciation with two HLA class II markers.  When we analysed
the differences between hypervariable amino acid residues
in the DQB1 alleles, we found that residue 57 of HLA-
DQB1 has a role in conferring susceptibility to the dis-
ease.  It is well-established that HLA class II molecules
are involved in antigen presentation and that a correct
binding between these glycoproteins and the antigen is
necessary for a functional antigen recognition by T-
lymphocytes. 

We do not know what the TDI antigen looks like.  It
seems unlikely that TDI itself is the antigen, since it is
a low molecular weight chemical (MW=174.2).  In ani-
mal studies, it has been shown that inhaled radiolabelled
TDI rapidly accumulates in the lung and becomes poten-
tially accessible to immunocompetent cells [20].  We
assume that TDI binds to endogenous or exogenous pep-
tides that are recognized by the T-lymphocytes as a for-
eign antigen.  More than one mechanism may be advanced
for TDI.  TDI could behave as a hapten and it could
alter the structure or the specificity of the T-cell recep-
tor (TCR) directly or by acting at the gene level, or it
could react with membrane proteins, such as adhesion
molecules amplifying T-cell B-cell interactions.  Residue
57 is a negatively charged residue that may directly
interact with TDI itself.  Finally, it could modify the
structure of MHC class II molecules, or self-peptides at
the surface of the antigen presenting cells (APC) in such
a way that the modified epitopes are recognized as for-
eign by the T-cells.  Other possibilities include the hypoth-
esis that, since DQ molecules act as dominant suppressor
genes (Is) involved in active suppression against speci-
fic antigens [21], TDI could cause a dysfunction in the
suppressor-inducer network.  This behaviour is support-
ed by the finding of an increase in circulating CD8+
lymphocytes in sensitized subjects exposed to TDI in the
laboratory [7], and by the finding that T-cell clones
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Table 2. –  2 × 3 table of distribution of DQB1Asp57+ haplo-
types in 30 asthmatics and in 138 clustered controls 

Asthmatics Controls

DQB1Asp57+

haplotypes* n % n % p-value

2 17 57 44 32 0.0103
1 12 40 73 53
0 1 3 21 15
*:  2 Asp57+ haplotypes=homozygotes Asp57+,  1 Asp57+ hap-
lotype=heterozygotes Asp57+, 0 Asp57+=homozygotes Asp57-.
Chi-squared=7.324, 0.025 < p < 0.05.



obtained from endobronchial biopsies of subjects with
TDI-induced asthma exhibit the CD8+ phenotype and
produce interleukin-5 (IL-5) and interferon-gamma [22].

Whatever the exact mechanism of the association DQ-
TDI-induced asthma may be, the data are consistent with
the hypothesis that at least two risk factors exist for TDI-
induced asthma, exposure to the chemical and inheri-
tance of the genetic marker.  We do not know how the
interaction works and what proportion of subjects exposed
to TDI with the marker develop the disease.  What is
important is that most asthmatic subjects have the marker
in both haplotypes.  Since asthma is likely to be a mul-
tifactorial and polygenic disease, other genes or other
factors, i.e. environmental factors, may be necessary for
expression of TDI-induced asthma.  A multifactorial
inheritance may explain the low incidence in the exposed
subjects, the presence of healthy subjects carrying the
predisposing marker and of asthmatics lacking the same
marker.  Therefore, it could be that the identification of
a variability at the 57 position in the DQBl chain is not
enough to cause the expression of the disease, and other
factors, particularly environmental conditions, may be
necessary, in addition to HLA gene products, to deter-
mine sensitization to a compound present in the work-
place and to cause asthma.

Taken together, these results suggest a role for HLA
class II genes in conferring susceptibility or protection
against the disease.  However, on the basis of the pre-
vious considerations, at the present moment, we do not
know whether the recognition of the amino acid residue
variation in the "beta chain" structure is a useful tool for
secondary prevention of TDI-induced asthma.
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