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Evidence of a strong, positive association between atopy

and the HLA class II alleles DR4 and DR7
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Summary

Background Atopy, with or without associated asthma, provides a useful model for
evaluating the genetic factors that control human immune responsiveness. HLA class
IT gene products are involved in the control of immune responses.

Objectives We investigated whether susceptibility or resistance to the disease was
associated with HLA class II genes.

Methods Blood samples were obtained from two groups of unrelated European-born
white adults: 56 atopic patients (52 of them with asthma) and 39 healthy controls with
no personal or familial history of asthma or atopy. Genomic DNA was extracted from
peripheral blood lymphocytes. The exons of DQA1, DQBI, DRB and DPBI genes
were selectively amplified by the polymerase chain reaction (PCR) method. Geno-
typing was carried out by digestion of the amplified DNA products with allele-specific
endonucleases (PCR-RFLP), which can recognize allelic variations in the polymorphic
exon.

Results We found no significant differences in the frequency of DPBI alleles between
patients and controls. HLA class I DR4 and DR7 alleles were present in 39.2% of the
patients and in 2.5% of the healthy subjects (Pc*? < 3.9 107%). Conversely,
DQAI1*0103 and DQBI1*0502 alleles were more frequent in the control subjects.
These results confirm a previous study of an extended pedigree, which showed that
DR4 and DR7 alleles were absent in all healthy members of the family and were
frequently observed in atopic and/or in asthmatic subjects.

Conclusion We observed that HLA-DR 4 and DR7 alleles are significantly implicated
in their susceptibility to the disease and suggest that this susceptibility is more related to
atopy than to specific responses to allergens. According to previous studies, we could
also submit that in atopic patients with asthma, DR4 alleles at the least, could be
more closely associated with atopy than with asthma per se. Conversely, we suggest
that some allelic DQA1 and DQBI sequences might confer protection against the
disease.
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Introduction

Numerous studies in the general population and within
families have suggested that both genetic and environmental
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influences are involved in the pathogenesis of asthma and
atopy [1-3]. In twins the contribution of a genetic
component was shown to be more substantial than that
of familial environment [4]. Despite ample evidence for
heritability, genetic analysis has been difficult and con-
tradictory. In studies carried out on British populations,
a major locus for atopy was localized on chromosome
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11q 13 [5,6], close to the gene coding for the beta subunit
of the high-affinity immunoglobulin E (IgE) receptor.
Furthermore, the same authors found a mutation point
in this gene in 17% of the families with atopic probands
[7]. However, other authors have been unable to confirm
a significant link between this region and atopy as
defined by increased total and specific IgE levels and
positive skin-prick tests [§—11].

HLA class II genes coding for human leucocyte antigens
class II molecules, are likely candidates for controlling the
immune response to common allergens [12]. Indeed, dif-
ferent HLA products or genes may represent risk factors
for, or protective factors against, the development of
asthma which may or may not be associated with sensiti-
zation to allergens [13,14]. Of all the results of these
previous investigations only the association between
HLA-DR and the minor ragweed allergen Amb V has
been confirmed [15,16]. However, the success of associ-
ation studies critically depends on the appropriate selec-
tion of controls. The lack of a strong association between
allergic diseases and HLA class II genes observed in
previous studies [17], could be due to the high prevalence
(about 30%) of atopy in control subjects, who have been
selected at random from the general population.

Recently, we have shown [18] that some HLA class II
alleles may confer protection against isocyanate-induced
asthma (IAA), and that TAA and extrinsic asthma prob-
ably differ in terms of their association with HLA class I1
genes. Moreover, in a study of a large and extensive
French family of three generations, comprising 35 mem-
bers, we reported that susceptibility to allergy, with or
without asthma related symptoms, was frequently associ-
ated with HLA class II-DR4 and DR?7 specificities [19].

The present study was designed to investigate whether
these preliminary results could be reproduced in groups
of unrelated individuals.To test this hypothesis, we stu-
died the distribution of haplotypes and alleles in the
different HLA class II genes in two groups of unrelated
white European: allergic patients with or without
asthma, and healthy asymptomatic control subjects.

In view of the importance of phenotype character-
ization in case/control studies, a careful selection of non-
atopic control subjects was carried out.

Our results confirm that a strong association exists
between some HLA class 11 alleles and the susceptibility
to atopy. We also suggest that some HLA class II allelic
sequences may contribute to protection against the disease.

Methods

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, with informed
consent and institutional approval.

Subjects

All subjects were European-born, unrelated whites living
in the Paris area (France).

Fifty-six patients (35 females and 21 males; mean age
41.3 4+ 2.26 year) were admitted in the study, which was
conducted in the Department of Pneumology of Cochin
Hospital. They were given a standardized questionnaire
by physicians with extensive experience in allergic
diseases.

All patients had a documented atopic allergy with or
without asthma-related symptoms. Phenotype included
medical history, typical asthma symptoms (shortness of
breath, wheezing, coughing and chest tightness), and a
bronchial hyperresponsiveness to methacholine challenge,
administered by a breath-activated nebulizer (FDC,
Model 88, Mediprom, France). The mean of forced
expiratory volume/s (FEV,) was 86% = 3 of the predicted
values.

Subjects were defined as atopic if they were positive to
one or more of the following criteria: positive skin-prick
tests (as defined by a weal of > 5mm diameter) carried
out with 17 common allergens consisting of D. pteronys-
simus and D. farinae, common moulds, grass and tree
pollens and animal danders; one negative control and
two positive controls were also applied; a raised total IgE
as defined by an IgE level of 2sp above the predicted
mean for the age of the subject; bronchial hyperrespon-
siveness was measured as described above.

We also studied 39 control subjects from the same
geographical area (24 females and 15 males; mean age
42.7 4 3.2 years). They answered the same questionnaire
as the patient group. Prevalence of allergic symptoms or
atopy-related conditions among their first-degree rela-
tives was also thoroughly investigated. Criteria for
admission to the study included the absence of any
personal and or familial history of atopy through three
generations. Skin tests (» = 14) and methacholine inhala-
tion challenge (n=6) were also performed on control
volunteers.

All individuals were included in the study only if they
had no history of cancer, diabetes, cardiovascular dis-
ease, or other major disease.

Experimental protocol

DNA preparation

Blood samples (20mL) were obtained from all indi-
viduals. Genomic DNA was extracted from the peri-
pheral blood lymphocytes using the phenol-chloroform
method [20]. In 50% of the cases, DNA was isolated
from buccal epithelial cells by a micromethod already
described [19].
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Polymerase chain reaction (PCR)

The second exon of DQAI1, DQBI, DPBi and DRB
genes was selectively amplified by the PCR method using
a Hybaid thermal reactor (Teddington, UK). This reac-
tion was performed in a volume of 100 4L, containing
67mM Tris-HCI, pH 8.8; 16.6 mM SO4(NH,),; 6.7 mM
MgCly; 0.2 uM of each primer; 10% v/v dimethylsulf-
oxide (DMSO), except for DQAL1 typing; 0.25mM of
each dANTP; 1 ug of template DNA and 2.5 units of Taq
DNA polymerase (Cetus, Norwalk, CT, USA). Light
mineral oil (Sigma) was added to the solution to avoid
evaporation. After heating for 5 min at 94 °C and 2 min
at 58°C, the samples were subjected to 30 cycles of
amplification by denaturation for 30s at 94°C, primer
annealing for 50 s at 58 °C and extension for 30s at 72°C.
PCR products were controlled in a 2% agarose gel
stained with ethidium bromide.

PCR primers

The sequences of different primers used for DQAI,
DQBI1 and DPBI1 genes amplification were described
previously [21-24]. HLA DRB genes were amplified
using the primers GH46 and GHS50 [25] for the generic
amplification. To discriminate between the different
DRBI alleles of the DR 3, 5, 6 and 8 haplotypes, the
second exon of the DRB genes was amplified with the
following primers: GAMPDRB!1 and PL368. Selective
amplification of DR4 alleles was achieved by the com-
bined use of a group-specific primer PSP-25 and the
DRB-specific primer GAMPDRBI, quoted above [26].

Analysis of the PCR products
Genotyping was carried out by digestion of the amplified
DNA products with allele-specific endonucleases (PCR-
RFLP), which can recognize allelic variations in the
polymorphic exon. For each locus several allele-specific
endonucleases were chosen.

The restriction endonucleases used were the following:

e DQAI gene: Dde I, Rsa I and Fok [

e DQBI gene: Acy I, Hpa II, Cfo [/and or Hin PI, Sau
961 and Hae II1

e DPBI gene: Rsa I, Ban II, Fok I, Eco NI, Dde 1
and Bst U 1

e Generic DRB: Hinf I, Nsi I, Hph I and Dde I DRB
(DR3, 5, 6, 8): Avall, Asp 700, Hin PI, Rsa I and Apa
1

e Specific DRBI1 of DR4: Mn I, Hinf I, Hae II, Hph I,
BstU I

Of PCR products, 8 uL. was digested separately, with
four units of each enzyme under the conditions recom-
mended by the manufacturers (Biolabs, Beverly, MA,
USA; and Becehringer, Mannheim, Germany), and the

products were size-analysed in a 10% polyacrylamide
gel. The gel was stained in 1 ug/mL of ethidium bromide
and photographed under ultraviolet light.

HLA-typing

The PCR-RFLP method was used to determine the
frequencies of alleles, haplotype and allelic combinations
for four polymorphic loci in the different populations.
Eight DQAI, 11 DQBI1 and 20 DPBI alleles could be
identified. The use of three endonucleases clearly distin-
guishes six of eight DQA1 alleles, except for DQA*0101
and DQA1*0102, which are considered a unique group
of alleles. The first step in the DRB-typing strategy
allowed us to identify 10 DR specificities. During the
second step, 12 DRBI alleles associated with the DR3,
DR5, DR6 and DRS specificities could be discriminated.
We also could determine eight subtypes of the DR4
family, using DR4 group-specific amplification.

Statistical analysis

Frequencies of each allele were compared using the
chi-square test. Relative risk (RR) was calculated
using the Wolf test with Haldane’s modification
[27,28]. For P-value determination, Fisher’s exact
test was utilized and the level of significance was set
to 0.05. P-value was corrected for the number of
alleles tested.

Results

Clinical and functional data

All 56 patients with atopic allergy had a documented
history of symptoms related to at least one atopic
disease: 52 had asthma and the remaining four had
allergic rhinitis and/or atopic eczema. Among the 24
asthmatic subjects who underwent a bronchial challenge
to methacholine, a 20% fall in FEV,| was observed in 21
of them based on a group average of methacholine (PDyg
FEV)) of 580+ 170 ug. In the other patients, FEV, was
to low to permit the methacholine challenge to be
performed safely. Fifty per cent of the patients demon-
strated skin reactivity to at least three or more allergens,
and 41% to one or two allergens. Only three patients had
negative prick tests. Total serum IgE was measured in 38
patients, of which only 34% demonstrated a raised total
IgE ( = 300 UI/L).

For ethical reasons skin-prick tests and respiratory
challenge tests were only performed on healthy volun-
teers. Among the 39 control subjects, skin-prick tests
were carried out on 14 individuals. All were negative. All
control volunteers (n = 6) who were submitted to non-
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Table 1. Distribution of HLA-DRBI alleles among patient and control group

Patient group

Control group

(n = 56) (n=139)

Alleles n % n %

DRI1 6 10.7 5 12.8
DR2 16 28.5 18 46.1
DR3 5 8.9 8 20.5
DR4 22 39.2 1 2.5
DR5 21 37.5 13 33.0
DR6 19 339 16 41.0
DR7 12 21.4 0 0
DR8 6 10.7 1 2.5
DR9 2 3.6 0 0
DRI10 1 1.8 5 12.8

NS. Not significant. Pc* = P corrected for the number of alleles tested.

specific inhalation challenge tests did not respond to the
highest dose of methacholine used (3100 ug).

Distribution of DR alleles

The distribution of DR alleles among the patients and
the control subjects is shown in Table 1. The frequency of
subjects carrying HLA-DR4 alleles was significantly
higher (Pc** < 4.107% among the - patient group
(39.2%) than among the controls (2.5%). When the
frequency of the affected subjects carrying either DR4
or DR7 alleles, or sharing both specificities (34 of 56
patients), was compared with the healthy controls (1 of

39 control subjects), the difference was quite significant
(Pc? < 39 10~%). No significant differences were noted
between frequencies of DR4 subsets in the patient group,
alleles DRB1*0401,*0402,*0403,*0404 and*0408 being
prevalent.

There was no difference in the distribution of DRB
alleles associated with DR3, DRS5, DR6 and, DRS
specificities in either groups (results not shown).

Distribution of DQAI alleles

A significant increase in allele DQA1* 0301 was apparent
in the patients (Pc*? <2.107%) compared with the

Table 2. Distribution of DQAI alleles among patient and control group

Patient group

Control group

(n=55) (n=137)

DQAI n % n % P Pc*
°0101

°0102 27 49 23 62 NS NS
0103 7 12.7 11 20.7 < 0.043 NS
0201 13 23.6 2 5.4 < 0.026 NS
0301 24 43.6 3 8.1 <2107 <2.1073
0401 3 5.4 3 8.1 NS NS
0501 25 45.4 24 64.8 NS NS
0601 0 0 0 0 NS NS

NS. Not significant. Alleles DQA1* 0101 and *0102 could not be differentiated; Pc* = P corrected for the number of alleles tested.

© 1996 Blackwell Science Ltd, Clinical and Experimental Allergy, 26, 821-828
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Table 3. Distribution of DQBI alleles among patient and control group

Patient group

Control group

(n = 55) (n = 36)

DQB1 n % n % _ P Pc*
0201 14 25.4 9 25 NS NS
0301 17 30.9 10 27.7 NS NS
0302 21 38.2 3 8.3 < 1.1073 < 1.1072
0303 6 10.9 0 0 41072 NS
0401°

0402° 2 3.6 0 0 NS NS
0501 8 14.5 9 25 NS NS
0502 2 3.6 6 16.6 NS NS
0503 0 0 3 8.3 NS NS
0601 1 1.8 0 0 NS NS
0602° 20 36.3 13 36 NS NS
0603°

1604 5 9 6 16.6 NS NS
0605 6 10.9 2 5.5 NS NS

NS. Not significant. °Alleles DQB1* 0401 and *0402 and DQB1 *0602, *0603 could not be differentiated; Pc* = P corrected for the

number of alleles tested.

control subjects (Table 2). By contrast, the frequency of
allele DQA1*0103 was increased in the controls; how-
ever, this difference did not reach statistical significance
when P was corrected for mutiple comparisons.

Distribution of DQBI alleles

As seen in Table 3, the frequency of the allele
DQBI1*0302 was significantly increased (Pc*2 < 1.5
10~2) in the atopic individuals compared with the control

subjects. Conversely, allele DQB1*0502 showed a ten-
dency to increase in the control group; however, the
difference was no more significant when the P-value was
corrected for the number of alleles tested.

Distribution of DPBI alleles

No significant difference was found in the distribution of
DPBI1 alleles between patients and control subjects
(results not shown).

Table 4. Distribution of HLA class II alleles positively and negatively associated with atopy in the general French population' and in

our non-atopic control subjects

Random French

Selected controls population’
n % n % Pc*
A°DR4 + DR7 1(39) 2.5 42 (158) 27.0 < 1.1072
DQA1*0301 337 8.1 26 (181) 14.4 NS
DQB1*0302 3 (36) 83 14 (181) 7.7 NS
B°DQA1*0103 11 (37) 29.7 11 (181) 6.0 <5.0107¢
DQB1*0502 6 (36) 16.6 5 (181) 3.0 <3.01072

'Data from J. Colombani, [29] (with author’s permission).

A°. Susceptibility alleles. B°. Protective alleles. Figures in brackets represent the total number of subjects in each group; Pc* = P

corrected for the number of alleles tested.
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In Table 4, we compare the distribution of those HLA
class II alleles, that are positively or negatively associated
with allergic disorders, in two different groups of sub-
jects: in a randomly recruited French population which
has been described in previous studies [29] and in our
group of selected non atopic control subjects. The fre-
quencies of both HLA class II specificities, associated
with DR4 and DR7-risk alleles, were much higher (27%)
in the random French population than in our selected
control group (2.5%). However, no significant difference
was observed between both groups, in the distribution of
the allele DQA1*0301. Conversely, frenquencies of the
alleles DQA1*0103 and DQB1*0502,which are nega-
tively associated with disease, were significantly higher
(Pc*? <3.5 107* and 4.1072 respectively), in our
selected control group compared with the randomly
recruited subjects.

Discussion

Previous case/control studies of the possible role of HLA
class II antigens in atopy have been performed with
particular pollen allergens and have yielded conflicting
results [30, 31]. Young et al. [32] described in nuclear and
extended families, a limited occurence of weak associ-
ations of HLA-DR alleles with IgE response to six
aeroallergens. However, in this family study, as in
many association studies so far, since the frequencies of
HLA class II antigens in controls were determined using
individuals which had been randomly selected from the
general population, the association of genetic factors
with atopy may well have been obscured. Indeed the
prevalence of atopy is nearly 40%, and the frequency of
DR4 and DR7 specificities in western Europe is close to
30% in the general population [5]. This makes the
random sampling of individuals inadequate for associ-
ation studies of genetic factors and atopy.

We based our results on a careful selection of appro-
priate controls. Although the control subjects were
essentially included in our study through use of a
questionnaire, it is likely that this was not a cause of
misclassification, for the reason that all volunteers sub-
jected to respiratory challenge and/or skin-prick tests,
elicited negative responses.

Our results show a strong association with atopy, in
unrelated white patients, of the HLA class II alleles DR4
and/or DR7 and of the alleles DQA1*0301land
DQB1*0302. These observations suggest that either the
whole haplotype DR4/DQA1*0301/DQB1*0302 or only
some alleles of this haplotype are risk factors for the
disease. In white populations, DR4 is known to be in
strong linkage disequilibrium with alleles DQA1*0301
and DQB1*0302 [29]. Moreover, as we have shown

above, the frequencies of the alleles DR4 and DR7
were significantly lower in our group of non-atopic
control individuals than in a randomly selected popu-
lation, whereas the distribution of DQAI1*0301 and
DQB1*0302 alleles remained almost similar in both
groups. Therefore, we could assume that there is no
independant association of DQA1*0301 and DQB1*0302
alleles with the disease and that only DR4 and/or DR7
alleles are directly involved in the susceptibility to
atopy.

Although we failed to show a significant difference in
the distribution of DQA1*103 and DQBI1*502 alleles
between patient and control groups, when P was cor-
rected for mutiple comparisons, the frequency of these
alleles increased significantly in the selected controls
compared with the random population. This suggests
that these alleles could play a role in protection against
the disease.

The question then arises whether some ot these associ-
ations were related to atopy or to asthma per se.
Although most of our patients suffered from both
asthma and allergy, we could assume that the DR4 alleles
in particular, are more likely to be associated with
immune response to allergens. This is consistent with
our previous findings of a very low frequency of HLA-
DR4 alleles in isocyanate-sensitive asthmatic patients,
which were non-atopic in most cases [18].

Since the majority of patients involved in our case/
control study were polysensitized, the nature of specific
responses to given aeroallergens could not be deter-
mined. However, we suggest that DR4 and DR7 alleles
are more involved in a general susceptibility to atopy
than in a specific sensitivity to particular allergens.

This hypothesis is supported by the results of an
ongoing study [33] with patients originating from eastern
France, which are allergic to birch pollen and specific
foods. In this work, we found the same positive and
negative associations with HLA class IT alleles, that we
found in the present study. Furthermore, these data were
reproduced in a preliminary study concerning a small
group of patients diagnosed with allergic broncho-
pulmonary aspergillosis (unpublished results).

Foreign aeroallergens are proteins with a complex
structure which are endocytosed and degraded to small
peptides, before binding to the grove of the MHC
molecules. Recent observations of MHC class I mole-
cules are consistent with the fact that only some residues
of the peptides could extend into the binding grove of
HLA molecules. This leaves many possibilities for vari-
ability in the remaining residues [34] and could explain
why sensitization to many different molecules could be
associated with only few restricted haplotypes and/or
alleles, although aeroallergens differ widely in structure.

© 1996 Blackwell Science Ltd, Clinical and Experimental Allergy, 26, 821-828



HLA class 1 genes and atopy 827

A second explanation for this lack of stringent specifi-
city is that a very similar structure in different or related
proteins may act as an allergen in various and sometimes
unrelated species, thereby reducing the apparently great
diversity of allergens. This is consistent with the concept
of a panallergen which is responsible in some patients for
cross-allergic manifestations caused by various or unre-
lated species of plant or food allergens [35,36].

In summary, we confirm that HLA class II DR4 and
DR?7 alleles are positively associated with atopy.We also
suggest that some DQB and DQA alleles might be
protective against the disease. Our study included com-
plete HLA class II haplotype characterization in affected
and unaffected subjects, in order to discard the effects of
linkage disequilibrium. Finally it is important to point
out that in ongoing studies, we were able to replicate
these associations with independant groups of indi-
viduals, analysed at different periods and recruited in
different geographical areas.

Atopy and asthma are multifactorial diseases arising
from complex interactions between genetic and environ-
mental factors. Other susceptibility or resistance genes
located either close to or outside of the HLA region
could also play a role, e.g. genes involved in regulating
the assembly of the MHC/peptide complex; the antigen-
processing pathway {37], or the IgE responsiveness [7].
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